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Preface 


In 1982 the first edition of Hepatology: A Textbook of Liver Disease 
was published. The book was based on pathophysiologic princi- 
ples in the belief that these “principles form the basis for interpret- 
ing concepts about disease and for evaluating the validity of 
research.” The first 12 chapters focused on normal hepatic func- 
tion. The next 10 chapters focused on alterations of normal func- 
tion leading to clinical illnesses, such as hepatic encephalopathy, 
and the last 24 chapters focused on specific disease states. There 
were only two chapters on viral hepatitis: one on the biology of 
hepatitis viruses and the second on clinical features of viral hepa- 
titis. A single chapter on liver transplantation was included in the 
first edition. Over the next several decades, the book has changed 
dramatically, largely as a reflection of the tremendous progress that 
has been achieved in the field of hepatology. 

As in the last edition, the seventh edition focuses more on 
abnormal, rather than normal, physiology. We hope that this new 
edition of Zakim and Boyers Hepatology: A Textbook of Liver 
Disease will serve practicing hepatologists and gastroenterologists; 
general physicians, such as internists and general practitioners; 
and basic scientists who want to know more about the clinical 
spectrum, therapeutic approaches, and unmet needs of the dis- 
eases they investigate and treat. 

The seventh edition is organized into 11 sections and addresses 
basics of liver function, management and assessment of liver 
disease, consequences of chronic liver disease, specific liver dis- 
eases, infections, immune diseases, vascular diseases, tumors, 
transplantation, pediatric and inherited liver diseases, and other 
conditions that affect the liver (e.g., pregnancy). As in the past, 
we invited new authors to write approximately one third of the 
chapters to provide fresh perspectives on subjects that appeared 
in previous editions. 


To keep the book at a reasonable size and reduce cost, cited 
references are available on Elseviers Expert Consult website, 
which will keep the tradition of the book being well referenced 
without being too large. The format that was used in the previous 
edition, including the placement of color photomicrographs and 
photos within each chapter, is used again here, and the art program 
has been thoroughly updated. 

Hepatology, like medicine in general and infectious diseases in 
particular, does not respect any border. Liver diseases are a signifi- 
cant global health burden. Over the past 50 years, the discipline 
of hepatology has provided examples of discoveries in basic science 
that are immediately transformed into novel diagnostic proce- 
dures, molecular-based therapies, antitoxins, and vaccines. The 
discovery of the five major hepatotropic viruses is an example of 
success for translational medicine. Effective treatment for acet- 
aminophen overdose has been developed from basic studies of 
drug metabolism and toxicity. Liver transplantation has evolved 
into a routine, life-saving procedure. We have seen the global 
success of hepatitis A and B vaccination programs, and we are 
following the clinical development of new generations of direct- 
acting anti-HCV drugs that hopefully will provide more effective 
and less toxic anti-HCV therapies. Finally, hepatocellular carci- 
noma, which is one of the top killers globally and one of the most 
important complications of end-stage liver disease, has become an 
area for innovative, molecularly targeted, anticancer therapies. We 
will be very pleased if this seventh edition is regarded as an inter- 


national textbook for a global readership helping to combat a 
global health burden. 


Arun J. Sanyal, MBBS, MD 
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ABBREVIATIONS 


AGE advanced glycation end-product 
APC antigen-presenting cell 

CGRP calcitonin gene-related peptide 
GERL Golgi-SER-lysosome 

HD high density 

HSC hepatic stellate cell 

ICAM-1 intercellular adhesion molecule-1 
LAL liver-associated lymphocyte 

LD low density 

LFA-1 lymphocyte associated antigen-1 
LGL large granular lymphocyte 

LPS lipopolysaccharide 

MDSC myeloid-derived suppressor cell 
NK natural killer 

nNOS neuronal nitric oxide syndrome 
NPY neuropeptide Y 

PG prostaglandin 

RER rough endoplasmic reticulum 

SDF stromal-derived factor 

SER smooth endoplasmic reticulum 
SMA smooth muscle actin 

SOM somatostatin 

SP substance P 

TGFB transforming growth factor B 
TLR toll-like receptor 

TNFa tumor necrosis factor o 

Treg regulatory T cell 

TXA, thromboxane A, 

VCAM-1 vascular cell adhesion molecule-1 
VIP vasoactive intestinal peptide 


Introduction 


The liver is the largest organ in the human body. With the excep- 
tion of the daily secretion of several liters of bile, there are no 
“moving parts” in the liver. This deceptive anatomic simplicity 
belies the extraordinary complexity of the biosynthetic and bio- 
degradative pathways within the liver, serving as major elements 


2 


of systemic metabolic and physiologic homeostasis (Table 1-1). In 
the process, the liver generates enough metabolic heat to be a 
prime source of core homeostatic temperature maintenance. 


Gross Anatomy 


The mature liver lies mainly in the right hypochondriac and epi- 
gastric regions of the abdominal cavity, below the diaphragm. The 
liver is attached to the diaphragm and protected by the ribs. In 
adults, the healthy liver weighs approximately 1400 g to 1600 g 
and extends along the midclavicular line from the right fifth 
intercostal space to just inferior to the costal margin. The anterior 
border of the liver then extends medially and crosses the midline 
just inferior to the xiphoid process. A small portion of the organ 
projects across the midline and lies in the upper left abdominal 
quadrant. 

The liver is incompletely separated into lobes that are covered 
on their external surfaces by a thin connective tissue capsule. On 
the basis of external surface features, the liver is divided into right 
and left lobes by the falciform ligament, which is a peritoneal fold 
connecting the liver to the anterior abdominal wall and the dia- 
phragm (Fig. 1-1). The right lobe is further subdivided inferiorly 
and posteriorly into two smaller lobes—the caudate and quadrate 
lobes. 

The macroscopic functional divisions of the liver, however, 
are defined on the basis of vascular anatomy (Fig. 1-2). First is a 
plane that passes through the gallbladder and inferior vena cava, 
to the right of the midplane of the abdomen, that defines the 
halves of the liver supplied by the right and left branches of the 
portal vein and hepatic artery, together with biliary drainage into 
the right and left hepatic ducts. As a result, the quadrate lobe 
and a large portion of the caudate lobe are located to the right 
of the groove of the inferior vena cava but belong functionally to 
the left hemiliver. Further functional subdivision of the liver into 
eight segments having independent vascular and biliary supplies 
enables surgeons to resect segments of the liver while maintaining 
relative hemostasis.” 

‘The liver is encapsulated by a thin connective tissue layer (Glis- 
son’s capsule) consisting mostly of regularly arranged type I col- 
lagen fibers, scattered type II fibers, fibroblasts, mast cells, and 
small blood vessels and containing sensory nerves. On the convex 
liver surface facing the abdominal cavity this connective tissue 
layer is covered by the simple squamous mesothelial cells of the 
peritoneal serosal lining. At the superior site of attachment of the 
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e Fig. 1-1 Lobes, surfaces, and ligaments of the liver viewed anteriorly (left) and from a posteroinferior 
perspective (right). (Modified from Moore KL, Dalley AF. Clinically oriented anatomy, 4th ed. Philadelphia: 
Lippincott Williams & Wilkins, 1999: 264, ©1999, with permission from Lippincott Williams & Wilkins 
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Hepatocytes Bile secretion 
Bile salt biosynthesis, conjugation, and secretion 
Bilirubin uptake, conjugation, and secretion 
Phospholipid and cholesterol secretion 
Plasma protein biosynthesis and secretion 
Plasma lipoproteins 
Plasma coagulation factors (prothrombin, 
fibrinogen, complement factors) 
Albumin 
Transferrin ; 
Plasma protein uptake and degradation eee a 
Plasma lipoproteins : 
Glucose homeostasis nopate artery 
Metabolism and detoxification of drugs and toxins ’ 
i i i -ri idi i Portal vein 
Cholangiocytes Secretion of bicarbonate-rich fluid into bile Gallbladder Bile dict feo rtal triad 
Sinusoidal Fenestrated barrier between sinusoidal blood and Hepatic artery. 
endothelial hepatocytes : f e Fig. 1-2 Segmentation of the liver based on principal divisions of 
cells Endacytic processing of plasma proteins the portal vein and hepatic artery. (Modified from Moore KL, Dalley AF. 
Ree et een Clinically oriented anatomy, 4th ed. Philadelphia: Lippincott Williams & 
vanced g ycOSyiaNon end producis Wilkins, 1999: 268, ©1999, with permission from Lippincott Wiliams & 
Immun ones) Wilkins [http://Iww.com].) 
Immunoregulatory function 
Regulatory input into hepatic stellate cell, hepatocyte, 
and Kupffer cell function 
Kupffer cells Phagocytosis of particulate matter in sinusoidal blood falciform ligament to the liver, the two leaves of the ligament 
Phagocytosis of apoptotic and necrotic hepatocellular separate to form a large convex area devoid of peritoneum, the 
debris bare area, on the superior surface of the liver, directly apposed to 
Clearance of circulating microorganisms and the diaphragm. The right and left leaves of the falciform ligament 
endotoxin ; then merge with reflections of the parietal peritoneum extending 
immunoregulatory amen) from the diaphragm forming, respectively, the triangular ligament 
Regulatory input into hepatic stellate cell, hepatocyte, beled fhe liveiandth ie cared, 
and sinusoidal endothelial cell function ee EE CIE COME NS E TAN 
right dome of the liver. The posterior aspect of the liver is covered 
Hepatic Storage of vitamin A by peritoneal serosa, with reflections at the groove of the inferior 
stellate cells Control of microvascular tone of the sinusoid vena cava into which the multiple hepatic veins empty. 
Production of extracellular matrix f The dual blood supply of the liver enters the organ at its hilus 
Regueton pi H hapete regenereitan (porta hepatis) accompanied by the hepatic bile duct, lymphatics, 
Imire Mistery Auction and nerves. Approximately 80% of the blood entering the liver is 
Fibrocytes Production of extracellular matrix poorly oxygenated and is supplied by the portal vein. This is the 


(portal tract) 


venous blood flowing from the intestines, pancreas, and spleen; 
venous blood from the gallbladder either drains into a cystic vein, 
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e Fig. 1-3 Development of the liver. (A) Section through the region of the hepatic bud of a human embryo 
of 25 somites (26 days). (B) Vascular channels associated with the developing liver in a human embryo 
of 30 somites. (C) Vascular channels at a later stage showing development of the sinusoidal network. 
(D) Portal hepatic circulation in a human embryo of 17 mm (7 weeks). (Reproduced from MacSween 
RNM, et al. Functional morphology of the liver with emphasis on its microvasculature. In: MacSween 
RNM, et al., editors. Pathology of the liver, 4th ed. London: Churchill Livingstone, 2002: 4, ©2002, with 


permission of Elsevier.) 


which empties into the right branch of the portal vein, or via small 
veins in the gallbladder bed directly into the parenchyma of the 
liver. The remaining 20% of the hepatic blood supply is well 
oxygenated and delivered by the hepatic artery. 


Development of the Liver 


The development of the liver has been extensively described,’”** 


and is illustrated in Fig. 1-3. Briefly, the liver primordium appears 
in human embryos during the third week of gestation as an endo- 
dermal bud from the ventral foregut just cranial to the yolk sac. 
This bud becomes the hepatic diverticulum as it enlarges, elon- 
gates in a cranio-ventral fashion, and develops a cavity contiguous 
with the foregut. The hepatic diverticulum consists of three por- 
tions: (1) the hepatic portion forms the hepatic corpus, including 
parenchymal cells and the elements of the portal tree; (2) the 
cystic portion forms the gallbladder; and (3) the most ventral 
portion forms the head of the pancreas. The hepatic portion grows 
into the septum transversum—a plate of mesenchyme that incom- 
pletely separates the thoracic and peritoneal cavities. During the 
fourth week of development, buds of epithelial cells extend from 
the hepatic diverticulum into the mesenchyme of the septum 


transversum as thick multicellular anastomosing cords. They 
become interspersed within the developing anastomotic network 
of capillaries arising from the symmetrically arranged vitelline 
veins returning from the abdominal cavity of the embryo, thus 
beginning to establish the close relationship of the hepatic paren- 
chymal cells to the sinusoids. Blood draining from the parenchy- 
mal sinusoidal plexus within the nascent liver passes through the 
symmetric right and left hepatocardiac channels, to enter the sinus 
venosus. 

This embryonic vascular pattern gives way to the definitive 
fetal vascular pattern by the seventh week: the paired vitelline 
veins unite to form a single portal vein, which divides into right 
and left branches upon entering the liver, and arterial sprouts from 
the hepatic arterial branch of the celiac axis course along the 
intrahepatic portal tree and become the organizing elements for 
formation of the intrahepatic biliary tree.°’ Within the paren- 
chyma, the anastomotic pattern of both multicellular cords of 
parenchymal cells and sinusoids persists until several years after 
birth, by which time cords consisting of two or more parenchymal 
cells bounded on several sides by sinusoids have become plates 
consisting of single parenchymal cells bounded on at least two 
sides by sinusoids, particularly in the centrilobular region. 


e Fig. 1-4 Normal hepatic microarchitecture. A medium-power image 
of a reticulin-stained liver highlights architectural relationships in the paren- 
chyma. A portal tract (PT, right) is separated by parenchyma from the 
terminal hepatic vein (THY, left). 


Between the sixth week and birth the fetal liver serves as a 
hematopoietic organ and as the primary site for fetal blood forma- 
tion until the third trimester, when most hematopoietic sites 
disappear as the bone marrow develops. Throughout the third 
trimester and well through childhood, the liver microanatomy 
matures from the hilum outwards, with the final maturation of 
the parenchyma not being completed until the adolescent years. 


Microscopic Architecture 


Fundamental understanding of liver function begins with knowl- 
edge of microscopic architecture (Fig. 1-4, Table 1-2). Portal tracts 
are the distribution network for the portal vein and hepatic arte- 
rial systems, and in turn the effluent collection network for the 
biliary tree. The parenchyma is home to hepatocytes, which 
account for 60% of the total cell population and 80% of the 
volume of the liver and are organized in an anastomosing system 
of plates that traverse the distance from the portal tract to the 
terminal hepatic venule. Between the plates of hepatocytes are the 
vascular spaces, termed sinusoids. This is a unique vascular bed, 
with large-bore fenestrated vascular channels that lack a basement 
membrane and allow free exchange of circulating macromolecules 
with hepatocytes (Fig. 1-5). So-called nonparenchymal cells lining 
the sinusoid include: sinusoidal endothelial cells, perisinusoidal 
hepatic stellate cells, and intraluminal Kupffer cells. Lastly, blood 
flowing through the sinusoids exits the liver through the branches 
of the hepatic venous system, the smallest of which is the terminal 
hepatic vein (also termed the central vein, as will be discussed). 


Portal Tracts and the Biliary System 


Both the portal vein and the hepatic artery, together with efferent 
autonomic nerves, enter the liver at the hilum. The hilum is also 
the site where bile ducts and lymphatics exit the liver. Branches 
of the hepatic artery, portal vein, bile duct, and lymphatic vessels 
ramify together in portal tracts through the liver parenchyma (Fig. 
1-6). Portal tracts are sometimes referred to as portal triads owing 
to their three main elements (portal vein, hepatic artery, bile duct, 
Fig. 1-7). However, portal tract is the preferred terminology, 
because there is often a multiplicity of hepatic artery—bile duct 
pairs within any given portal tract. The lymphatic channels 
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Microscopic Structures of the Liver 


Portal tract Portal vein Endothelial cells, smooth 
muscle cells 
Hepatic artery Endothelial cells, smooth 
muscle cells 
Bile duct Cholangiocytes 
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Lymphatics Endothelial cells 
Nerves Terminal twigs of autonomic 
nervous system 
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the parenchymal- channels 
portal tract 
interface) 
Portal tract Fibroblasts 
mesenchyme 
Parenchyma Liver cell plates Hepatocytes 
Sinusoids Nonparenchymal cells: 
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Cells 
Kupffer cells 
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lymphocytes) 
Terminal Terminal hepatic vein Endothelial cells 
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within portal tracts are usually collapsed and inconspicuous, as 
are the autonomic nerves, unless the latter are highlighted by 
special techniques (Fig. 1-8). 

After repeated bifurcation, terminal branches of the portal 
veins and hepatic arteries supply blood to the sinusoids, extending 
roughly perpendicularly into the watershed regions between 
neighboring portal tracts (Fig. 1-9). Branches of hepatic arteries 
also supply the peribiliary plexus of capillaries nourishing the bile 
ducts. These capillary plexuses then drain into sinusoids (via arte- 
riosinus twigs, Fig. 1-10), or occasionally into portal venules 
(arterioportal anastomoses). Because all these vessels have inde- 
pendently contractile periarteriolar sphincters, the sinusoids 
receive a varying mixture of portal venous and hepatic arterial 
blood.” After flowing through the sinusoids, blood is collected 
in small branches of hepatic veins (terminal hepatic veins, see Fig. 
1-9). These veins course independently of the portal tracts and 
drain via the major hepatic veins, which emerge to join the infe- 
rior vena cava through separate orifices from the major liver lobes. 

Lymphatic fluid originates from retrograde fluid flow in the 
space of Disse and is thereby collected into blind-ended lymphatic 
capillaries in the connective tissue spaces within the portal tracts." 
The actual connection between the proximal end of the space of 
Disse at the portal tract—parenchymal interface and lymphatic 
channels is attributed to a proposed space of Mall,'* the existence 
of which has never been proven. The fluid contained in these 
lymphatics moves toward the hepatic hilus and eventually into the 
cisternae chyli and thoracic duct. Lymph also leaves the liver in 
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e Fig. 1-5 Plates of hepatocytes (H) viewed by scanning electron microscopy. (A) The fracture plane 
highlights the lateral faces of hepatocytes (H), with bile canaliculi (arrow) in view. The labyrinth of sinusoidal 
spaces (S) is evident between hepatocytes plates. (B) A different image shows the sinusoidal spaces to 
better advantage. A Kupffer cell (KC) is present within the luminal space of the sinusoid. (Modified from 
McCuskey RS. Functional morphology of the liver with emphasis on its microvasculature. In: Tavoloni N, 
Berk PD, editors. Hepatic transport and bile secretion. New York: Raven Press, 1993: 2, ©1998, with 
permission from Lippincott Williams & Wilkins [htto://ww.com].) 
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e Fig. 1-7 Normal portal tract. A high-power image shows a portal vein 
(PV) and a hepatic artery (HA)-bile duct (BA) pair, with a delicate invest- 
e Fig. 1-6 Hepatic microvasculature as determined by in vivo micro- ment of extracellular matrix. By routine light microscopy, nerves and lym- 
scopic studies. Smooth muscle cells at strategic points in the vascular phatic channels are not visible. An intraparenchymal segment of a canal 
network create functional sphincters that contribute to local blood flow of Hering (arrow, CoH) is visible to the right of the portal tract. Trichrome 
regulation. Interconnections between the portal vein and hepatic artery stain. 
network also are depicted. Arrows indicate direction of flow. BD, bile duct; 
HA, hepatic artery; L, lymphatic; N, nerve; PV, portal vein; SLV, sublobular 
hepatic vein; THV, terminal hepatic vein. (Modified from McCuskey RS. 
Functional morphology of the liver with emphasis on its microvasculature. 
In: Tavoloni N, Berk PD, editors. Hepatic transport and bile secretion. New 
York: Raven Press, 1993: 2, ©1993, with permission from Lippincott Wil- 
liams & Wilkins [http://ww.com].) 


e Fig. 1-8 Intrahepatic aminergic innervation in the dog. Brightly fluo- 
rescent nerve fibers are adjacent to the portal vein (PV), hepatic artery 
(HA), and bile duct (not visible in this section) and are also distributed 
intralobularly along the sinusoids (arrows). 


e Fig. 1-9 Vascular cast of the hepatic microvasculature via the portal 
vein, demonstrating parenchymal vascular channels by scanning elec- 
tron microscopy. Blood entering the liver via the portal vein (PV) ramifies 
into the tortuous sinusoidal network. The sinusoids converge upon the 
terminal hepatic vein (labeled CV for central vein), through which blood 
exits the liver. (Modified from McCuskey RS. The hepatic microvascular 
system. In: Tavoloni N, Berk PD, editors. Hepatic transport and bile secre- 
tion. New York: Raven Press, 1993: 4, ©1993, with permission from 
Lippincott Williams & Wilkins [htto://l\ww.com].) 


small lymphatics associated with the larger hepatic veins, which 
empty into larger lymphatics along the wall of the inferior vena 
cava. Lymphatics in the hepatic capsule drain to vessels either at 
the hilum or around the hepatic veins and inferior vena cava.’ 


The Biliary Tree 


The biliary tree is the conduit by which fluid travels from the bile 
canaliculi between hepatocytes downstream to the lumen of the 
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e Fig. 1-10 Terminal ramifications of the portal vein (PV) and hepatic 
artery (HA). The portal vein gives rise to inlet venules that enter the paren- 
chyma, from which sinusoids originate. Terminal branches (arrowheads) 
from hepatic artery frequently end in the inlet venules from the portal vein. 
The hepatic artery also gives rise to a peribiliary arteriolar plexus (B). (Modi- 
fied from McCuskey RS. Functional morphology of the liver with emphasis 
on its microvasculature. In: Arias IM, et al., editors. The liver: biology and 
pathobiology, 3rd ed. New York: Raven Press, 1994: 1095, ©1994, with 
permission from Lippincott Williams & Wilkins [htip://\ww.com].) 


alimentary tract. The most proximal junction of the parenchymal 
canalicular network with the biliary tree is the canal of Hering, 
with half its circumference composed of one (or two) hepatocytes, 
and the other half composed of chelsea we polarized 
epithelial cells of the biliary tree (Fi A). These structures 
were originally thought to be visible only iy dlectran microscopy. 
However, careful three-dimensional reconstruction histologic 
studies demonstrated that canals of Hering were visible by light 
microscopy “ and were shown to be present not just at the portal 
tract-parenchymal interface (as originally thought) but also 
extending into the hepatic parenchyma up to one third of the 
distance along the portal-to-central axis (see Fis B). A 
further finding was that the canals of Hering are the anatomic 
compartment containing bipotential progenitor epithelial cells, 
which were capable of immense regenerative activity when the 
liver incurred severe damage—particularly if this damage was 
occurring at the portal-parenchymal interface.” Hence, canals of 
Hering are not only the most peripheral compartment of the 
biliary tree but also play a key role in the hepatic regenerative 
response to injury. 

The biliary channel that traverses the short space between the 
portal-parenchymal interface and the bile duct is the bile ductule 
(Fig. 1-12). The bile ductule connects with the terminal bile duct 
at a roughly perpendicular angle—on three-dimensional step sec- 
tions the angle of intersection is slightly off-perpendicular. The 
bile ducts converge down the length of the biliary tree, ultimately 
exiting the liver hilum as the right and left bile ducts to form the 
common hepatic bile duct just outside the liver corpus. Owing to 
normal variation in human bile duct anatomy, in 30% to 40% of 
individuals the confluence of the common hepatic bile duct is just 
internal to the liver.'® 

During hepatic morphogenesis, bile ductules and ulti- 
mately bile ducts arise from bipotential primordial cells at the 
interface of the embryonic portal tract mesenchyme and the 
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e Fig. 1-11 Canal of Hering. (A). Electron micrograph demonstrating a channel (asterisk) lined partially 


by a larger hepatocyte (H, lower left) and partially by smaller cholangiocytes. (Courtesy of Donna Beer 
Stolz.) (B) High power light-micrograph of an H&E-stained tissue section, showing a linear array of chol- 
angiocytes among hepatocytes, representing the extension of a canal of Hering into the most proximal 


portion of the periportal parenchyma. 
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e Fig. 1-12 Biliary structures in the portal tract, highlighted by cyto- 
keratin 19 immunostaining. A canal of Hering within the periportal paren- 
chyma (asterisk) drains into a bile ductule, which traverses the parenchymal 
mesenchyme to empty into a bile duct (BD). As the bile ductule is angled 
slightly in relationship to the bile duct, the full length of the ductule is not 
visible in this one section. Tissue from an 18-week human fetus, so as to 
illustrate the nascent relationships of these three elements of the intrahe- 
patic biliary tree. (Adapted from Crawford JM. Development of the intra- 
hepatic biliary tree. Semin Liver Dis 2002; 22: 213-226, ©2002, with 
permission from Thieme-Stratton.) 


parenchyma—termed the ductal plate.° As noted earlier, the pen- 
etration of hepatic artery branches into the embryonic portal 
tract mesenchyme appears to act as an organizing influence for 
ontogeny of the terminal bile ducts, and for creation of the arterial 
vascular supply for bile ducts. This in-growth of hepatic arterial 
elements and maturation of bile ducts begins at the hilum of the 
liver and extends outwards not only during the fetal period of 


liver development but also well into the growing years of child- 
hood as the liver continues to enlarge to reach its adult size by 
early adolescence. This ontogeny is evident in the mature adult 
liver by the uniform 1:1 pairing of hepatic arteries and terminal 
bile ducts in cross-sections of terminal portal tracts (see Fig. 1-7).° 

As regards the branching of the intrahepatic biliary tree, retro- 
grade injection studies can demonstrate approximately 10 orders 
of dichotomous branches.” However, in three-dimensional studies 
of the human adult liver, one terminal bile duct is observed for 
every 2 mm’ to 3 mm’ of the adult liver, therefore representing 
the volume of a liver microarchitectural unit.'*!” Based on the 
average size of the adult liver, between 17 and 20 orders of branch- 
ing of the intrahepatic biliary tree would be expected. Given the 
limitations of retrograde filling techniques, and uncertainty in 
whether the terminal biliary tree branches symmetrically (dichot- 
omously) or asymmetrically, the exact geometry of the intrahe- 
patic biliary tree remains conjectural. Regardless, the adult liver 
must be supplied by 400,000 to 500,000 terminal bile ducts, 
corresponding to the estimated 440,000 microarchitectural units 
(defined as lobules or otherwise, see later) estimated to exist in 
the adult liver.” 


Cholangiocytes 


Cholangiocytes constitute 3% to 5% of the endogenous liver cell 
population,” beginning with the canals of Hering, bile ductules, 
and then lining the intrahepatic and extrahepatic bile duct system. 
Cholangiocytes are not inert; they modify the composition of bile 
during its transit through bile ducts by the secretion and absorp- 
tion of water, electrolytes, and other organic solutes.””’ Indeed, 
in humans up to 40% of basal bile flow is produced by the ductal 
epithelium.” This secretion is driven by sodium and bicarbonate 
transport out of the cholangiocyte into the duct lumen, followed 


by regulated passage of water through the intercellular tight junc- 
tions. Cholangiocyte secretion is under hormonal control by 
secretin and somatostatin.” The duct epithelium also secretes IgA 
and IgM (but not IgG).”° Cholangiocytes reabsorb solutes from 
bile: glucose, glutamate, urate, and especially bile acids. Bile acids 
resorbed by the biliary epithelium are recirculated to hepatocytes 
via the peribiliary capillary plexus, creating a cholehepatic shunt 
pathway and promoting bile acid—dependent bile flow.” 
Cholangiocytes display phenotypic heterogeneity along the 
length of the biliary tree,*” including their becoming larger in 
basal-to-apical diameter with increasing diameter of the biliary 
lumen, concurrent with their acquiring increasing cytoplasmic 
complexity as evidenced by intracellular organelles such as the 
Golgi complex, intracytoplasmic vesicles, and mitochondria.” 
Cholangiocytes express receptors for epidermal growth factor, 
secretin, and somatostatin’ and may secrete proinflammatory 
cytokines.” As would be expected for polarized epithelial cells 
residing on a basement membrane, cholangiocytes express cell- 
matrix adhesion molecules such as integrins in abundance.” 


Peribiliary Glands 


Extrahepatic bile ducts and the large bile ducts of the perihilar 
intrahepatic biliary tree have companion peribiliary glands, com- 
posed of branched tubule-alveolar seromucinous glands,” (Fig. 
1-13). Along with mucin, these glands secrete substances such as 
lactoferrin and lysozyme.” They are reported to be stem cell 
niches of the biliary tree’ capable of differentiating into hepato- 
biliary and pancreatic cells.°’°* Thus, in addition to providing 
their seromucinous secretions to the flow of bile, cells of the 
peribiliary glands may play a key role in normal tissue turnover 
and injury repair.”® 


Portal Tract Mesenchyme 


The liver has only a small amount of connective tissue in relation 
to its size: 5% to 10% of total protein and less than 3% of the 
relative area on a routine histologic section.” Extracellular matrix 


e Fig. 1-13 Peribiliary glands. A cluster of peribiliary glands, with their 
conducting ducts (upper portion of the image), are present near the 
hepatic hilum. A major bile duct is present (lower right), along with an 
incidental aggregate of inflammatory cells (upper left). 
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underlies the capsule of the liver (Glisson’s capsule), ensheathes 
the intrahepatic venous system, and under normal conditions is 
found within the space of Disse only as delicate bundles of type 
IV collagen—the so-called reticulin network of the parenchyma. 
However, most of the extracellular matrix visible on histologic 
sections of the normal liver is within portal tracts, surrounding 
the normal vascular and biliary structures. This mesenchymal 
investment is minimal in the most terminal portal tract branches 
(see Fig. 1-7). The mesenchymal content is more prominent in 
the larger sublobular portal tracts. 

Portal tracts contain fibroblasts, which encircle bile ducts and 
bile ductules and may also be found elsewhere in portal tracts.“ 
In the first instance, the basement upon which cholangiocytes 
reside is surrounded directly by peribiliary fibroblasts. In the 
settings of bile duct inflammation and/or obstruction, these fibro- 
blasts are rapidly activated with acquisition of smooth muscle 
actin, generating a myofibroblast phenotype.“ In other settings, 
such as hepatitis, other populations of fibrogenic cells in portal 
tracts play a role. These include myofibroblasts loosely placed 
around the portal vein and hepatic artery, and fibrocytes in the 
loose connective tissue of the portal tract, especially at the inter- 
face between the portal tract and parenchyma.” Thus, in discus- 
sions of hepatic fibrogenesis, it is important to keep these particular 


cell types in mind. 


Lobular and Acinar Functional Units 


Models of hepatic parenchymal microarchitecture have been 
debated for the past century, and they are not mutually exclusive. 
The essential terms are lobule and acinus (Fig. 1-14). The classic 
hepatic lobule is a polygonal structure having as its central axis 
the terminal hepatic vein (in this model termed the central vein) 
with portal tracts distributed along its peripheral boundary.“ The 
ideal formulation of the classic lobule is hexagonal with portal 
tracts at three of the six apices of the hexagon. In reality, the 
peripheral boundaries of lobules are poorly defined, and terminal 
hepatic veins may be draining sinusoidal blood supplied by a 
smaller or larger number of nearby portal tracts. A key corollary 
of this terminology is that the region of the lobule around the 
terminal hepatic vein (or the central vein) is called centrilobular, 
and the region around the portal tract is called periportal. 

An uncommonly used concept of lobular organization is the 
portal lobule, defined by bile drainage, with a portal tract at the 
center and terminal hepatic veins at the periphery. 

The hepatic acinus“ is a smaller triangular unit with the portal 
tract at one apex of the narrow base, a watershed region of the 
parenchyma at the other apex of the base, and the terminal hepatic 
vein at a more distant apex (see Fig. 1-14). The acinar concept 
aligns with the pattern of blood flow, in that there are penetrating 
portal venular channels that exit portal tracts and run along the 
base of the acinar triangle towards the watershed region.” In turn, 
terminal twigs of the hepatic arterial system also extend a short 
distance into the parenchyma. A broad front of blood thus travels 
through the sinusoids from the base of the acinar triangle towards 
the apex at the terminal hepatic vein, creating three zones. Zone 
1 is the region of the parenchyma most proximate to vascular 
inflow, and thus is most oxygenated and has the most ready access 
to nutrients. Zone 2 is the midparenchymal region, and Zone 3 
is the most distal from the vascular inflow. Zone 3 thus has the 
lowest oxygen content, and is most downstream from nutrient 
inflow. The effects of this lobular gradient (noting the interchang- 
ing of terms) will be examined in a subsequent section. 
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e Fig. 1-14 Microarchitecture of the liver. A primary lobule is formed from the inlet venules arising from 
portal veins (PV), giving rise to a sinusoidal “front” of blood that moves across equipotential lines A, B 
and C towards the terminal hepatic vein (THV). The acinus concept recognizes this front of blood as 
moving through Zones 1, 2 and 3 en route to the terminal hepatic vein. These three zones exhibit differing 
oxygenation and metabolism. The concept of the conical hepatic microcirculatory (HMS) unit recognizes 
an even smaller parenchymal unit, each being supplied by a single inlet venule. The classic lobule places 
the terminal hepatic vein (THV, also called a central vein) at the center, and portal tracts with their portal 
vein (PV) and hepatic artery (HA) at the periphery. The concept of a portal lobule, with a portal tract at its 
center, is essentially obsolete. (Modified from McCuskey RS. Functional morphology of the liver with 
emphasis on its microvasculature. In: Tavoloni N, Berk PD, editors. Hepatic transport and bile secretion. 
New York: Raven Press, 1993: 4, ©1993, with permission from Lippincott Williams & Wilkins [http:// 


lww.com].) 


Hepatocytes 


Hepatocytes are polyhedral cells approximately 20 um to 30 Um 
in diameter, with a volume of approximately 5000 um’. Their 
organization into anastomosing plates of the parenchyma is best 
illustrated by scanning electron microscopy (see Fig. 1-5).“*?! 
The liver cell plates anastomose extensively in the periportal 
region, but become more simplified and radially oriented as they 
approach the terminal hepatic vein. Similar to other polarized 
epithelial cells, hepatocytes have distinct regions of the plasma 
membrane. The basal surfaces of hepatocytes face the sinusoid; 
with plasma membranes that have microvilli extending into the 
space of Disse (the space between hepatocytes and endothelial 
cells), increasing the surface area available for the exchange of 
materials between hepatocytes and blood plasma. Facing adjacent 
hepatocytes is the lateral surface of the hepatocyte. Because these 
two regions are topologically in continuity and are considered as 
one functional unit, the common term is the basolateral plasma 
membrane. 

Directly between adjacent hepatocytes is an interconnecting 
network of intercellular channels between 1 Um and 2 um in 
diameter termed bile canaliculi, constituting the apical or cana- 
licular domain of the plasma membrane (see Fig. 1-5, A). The 
apical plasma membrane also forms microvilli to increase the 
surface area available for secretion. The apical domain is delin- 
eated from the basolateral plasma membrane by a continuous 
barrier of tight junctions (Figs. 1-15 and 1-16). Hepatocytes 
secrete bile into the canalicular space; the bile then drains toward 
portal tracts through the bile canalicular network (Fig. 1-17) for 
collection into the biliary system. 


Plasma Membrane 


The hepatocyte basolateral plasma membrane is the site of uptake 
of blood-borne substances into hepatocytes, and secretion of 
hepatocellular products into the blood. This exchange of products 
is facilitated by the absence of a basal lamina between hepatocytes 
and the overlying sinusoidal endothelium, and by fenestrations 
in the endothelial cells. In addition to receptor proteins and 
a robust population of plasma membrane protein transporters 
for exchange of inorganic and organic solutes,” the basolateral 
membrane is a site of vigorous endocytic uptake and secretion 
of proteins.” 

The lateral plasma membrane contains gap junctions that 
facilitate intercellular communication between adjacent hepato- 
cytes along the length of the hepatocyte plate.” Gap junctions are 
an assemblage of connexons—membrane pores formed by the 
circular arrangement of six transmembrane proteins called con- 
nexins. Connexons in opposing plasma membranes are directly 
aligned and form aqueous channels that allow the passage of ions 
and small molecules, enabling the propagation of signals between 
adjacent cells. Desmosomes in the lateral membranes, as well as 
interdigitating undulations of adjacent plasma membranes, com- 
plete the stitching together of adjacent hepatocytes along the 
length of the hepatocyte plates. 

The apical surface of the hepatocyte plasma membrane is the 
site of secretion of electrolytes and organic solutes so as to form 
bile.” Transepithelial endocytic traffic of plasma solutes contrib- 
utes to approximately 4% of the volume of secreted bile. Lyso- 
somal contents are also discharged into the biliary space to a lesser 
extent.” 


plasma membranes between hepatocytes are highlighted (arrowheads); 
two bile canaliculi are visible (BC). A sinusoid is present (S), with a sinu- 
soidal endothelial cell (E) and the underlying space of Disse (D). A hepa- 
tocyte nucleus is present at the bottom (N), along with smooth endoplasmic 
reticulum (SER), rough endoplasmic reticulum (RER), Golgi (G), lysosomes 
(L), and mitochondria (M). The inset shows lateral hepatocyte plasma 
membranes immediately adjacent to a bile canaliculus (BC), with the tight 
junctional zone (arrowhead) and desmosomes (DS). 


e Fig. 1-16 Two adjacent hepatocytes and enclosed bile canaliculus 
(BC) and associated organelles. G, Golgi; g, glycogen; L, lysosome; M, 
mitochondria; N, nucleus; P peroxisome; SER, smooth endoplasmic 
reticulum. Arrowheads, tight junctions. 
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e Fig. 1-17 Bile canalicular network filled with dye injected retrograde 
into the bile duct. 


Nucleus 


Hepatocytes have one or two spherical nuclei containing one or 
more prominent nucleoli (see Figs. 1-15 and 1-16).'*°' In human 
adults, 40% of hepatocytes are tetraploid rather than diploid, and 
hepatocyte ploidy number increases either as the cell ages or when 
the liver is stimulated to regenerate or respond to metabolic over- 
load or oxidative stress. Polyploid nuclei are characterized by 
their greater size, which is directly proportional to their ploidy. 
Multinucleated hepatocytes and polyploidy are consistent with 
high cellular function and demands and are mechanisms by which 
both nuclear and cytosomal biosynthetic machinery are increased 
to meet these functional demands. The high level of hepatocellular 
biosynthetic activity is also reflected in the high percentage of 
nuclei that are euchromatic, which indicates that transcription of 
most of the genome is occurring continuously. Thus, almost all 
of the deoxyribonucleic acid (DNA) is in the extended configura- 
tion, and little heterochromatin is observed. Hepatocytes engaged 
in the synthesis of many proteins have a large nucleolus (some- 
times several) that can be recognized by light microscopy, and this 
characteristic is typical of hepatocytes. 

The nucleolus is where ribosomal genes are located and ribo- 
some biogenesis occurs.” Electron microscopy reveals the nucleo- 
lus to contain three main components: roundish fibrillar centers 
composed of thin loosely distributed fibrils, a dense fibrillar com- 
ponent containing tightly packed fibrils that surround the fibrillar 
centers, and a granular component constituted by granules that 
embed both fibrillar components. Ribosomal genes exist in an 
extended ready-to-be-transcribed configuration within the fibril- 
lar centers and, in part, in the dense fibrillar component. Although 
the precise location of ribosomal gene transcription remains 
unclear, newly transcribed RNA molecules undergo early process- 
ing and maturation in the dense fibrillar component and are 
assembled into preribosomes in the granular component. Protein- 
rich ribosomal subunits then exit the nucleus through pores in 
the double membrane nuclear envelope. 


Endoplasmic Reticulum, Ribosomes, 
and Golgi Apparatus 


Rough endoplasmic reticulum (RER), smooth endoplasmic retic- 
ulum (SER), and Golgi complexes are abundant in mammalian 
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hepatocytes (see Figs. 1-15 and 1-16).’”°'”* Their functions are 
related mainly to the synthesis and conjugation of proteins, 
metabolism of lipids and steroids, detoxification and metabolism 
of drugs, and breakdown of glycogen. The endoplasmic reticulum 
forms a continuous three-dimensional network of tubules, vesi- 
cles, and lamellae. Almost 60% of the endoplasmic reticulum has 
ribosomes attached to its cytoplasmic surface and is known as the 
RER. The remaining 40% constitutes the SER, which lacks a 
coating of ribosomes. The membranes of the endoplasmic reticu- 
lum are between 5 nm and 8 nm thick. The lumen of the RER 
is approximately 20 nm to 30 nm wide, whereas that of the SER 
is larger (30-60 nm). The morphologic characteristics and amount 
of the endoplasmic reticulum vary in the different zones of the 
liver lobule. 

RER is arranged in aggregates of flat cisternae that may be 
found throughout the cytoplasm. It is more frequently distrib- 
uted in the perinuclear, pericanalicular, and subbasilar regions of 
hepatocytes, and it is more abundant in periportal cells than in 
centrilobular cells.” The numerous attached membrane-bound 
ribosomes consist of a large and a small subunit, with the large 
subunit attached to the RER. Free ribosomes and polyribosomes 
are also present within the hepatocyte cytoplasm. Ribosomes 
contain RNA and ribosomal proteins and play a key role in the 
synthesis of proteins, particularly those destined for secretion 
or for delivery to intracellular membrane compartments or the 
plasma membrane. Vesicles containing these proteins are directed 
to the proximate (cis) cisternae of the Golgi apparatus, for further 
processing. 

SER is less common and has a more complex arrangement than 
RER.” It is usually much more abundant in centrilobular than 
in periportal hepatocytes”; the high content of heme-containing 
cytochromes lends a darker pigmentation to the centrilobular 
region of the lobule, as is evident on visual inspection of the cut 
surface of the liver. The matrix within the SER tubules is usually 
slightly more electron-dense than the surrounding cytoplasm. 
SER membranes are irregular in size and present a tortuous 
course. They may be tubular or vesicular in structure with a width 
of 20 nm to 40 nm. SER is mainly distributed near the periphery 
of the cell. It is often in close relation to RER and Golgi mem- 
branes, as well as to glycogen inclusions.” 

The ER is not the only site of protein synthesis in hepatocytes. 
Abundant free ribosomes in the cytoplasm participate in the syn- 
thesis of some proteins that will be secreted but synthesize essen- 
tially all of the structural proteins for the hepatocyte. Proteins that 
are to remain within the cytoplasm or are destined to enter the 
nucleus, peroxisomes, or mitochondria are completely synthesized 
by free ribosomes. 

The Golgi complex is a three-dimensional structure in hepato- 
cytes, characteristically consisting of a stack of four to six parallel 
cisternae, often with dilated bulbous ends containing electron- 
dense material.” Multiple Golgi complexes exist in each 
hepatic parenchymal cell, generally distributed near the nucleus. 
This structure shows a convex or proximal portion facing the 
nucleus and the endoplasmic reticulum (cis-Golgi), where small 
vesicles transfer proteins from the endoplasmic reticulum to the 
Golgi, and a concave part (trans-Golgi), which connects with 
a post-Golgi trans-Golgi network that directs proteins towards 
their final destinations: to organelle membranes of the cell, the 
plasma membrane, or for secretion. The cisternae may be up to 
1 um in diameter with a lumen that is 30 nm wide. The Golgi 
complex is capable of rapid and reversible structural reorgani- 
zation into a tubuloglomerular network, while maintaining its 


biosynthetic capabilities.“ With the SER, RER, lysosomes, other 
intermediate organelle compartments, and even the nuclear and 
mitochondrial envelope membranes, the Golgi is an integral part 
of the complex intracellular organelle network involving vesic- 
ular trafficking that enables uptake, sorting, degradation, bio- 
synthesis, trafficking, and/or secretion of cellular proteins and 
lipids.” 


Mitochondria 


Mitochondria are large organelles and are very numerous in hepa- 
tocytes (1-2000 per cell; see Figs. 1-15 and 1-16), constitut- 
ing approximately 18% to 20% of the cell volume.“ They are 
the site of oxidative phosphorylation of adenosine diphosphate 
(ADP) to adenosine triphosphate (ATP), constituting the source 
of aerobic cellular metabolism.” Although the mitochondria are 
dispersed ubiquitously within hepatocytes, they are more concen- 
trated near sites of ATP utilization and are often associated with 
the RER. 

Mitochondria in hepatocytes may be round or elongated, with 
a width of between 0.4 um and 0.6 um and a length of between 
0.7 Um and 1.0 um. Longer (up to 4 um) and larger (up to 
1.5 Um in diameter) mitochondria are more numerous in peri- 
portal hepatocytes.“ Mitochondria are bounded by an outer and 
an inner membrane, each 5 nm to 7 nm thick. The outer mem- 
brane possesses special pores that allow the passage of molecules 
smaller than approximately 2000 Da. The inner membrane’s 
surface area is greatly increased by the presence of numerous 
cristae, which fold within the mitochondrial matrix. The space 
between inner and outer membranes presents a low-density matrix 
and ranges from approximately 7 nm to 10 nm in thickness. 
Mitochondria have a relatively low-density internal matrix in 
which lamellar or tubular cristae and a variable amount of small 
dense granules can be observed. The dense granules have a diam- 
eter of between 20 nm and 50 nm. In addition, filaments of 
circular mitochondrial DNA of approximately 3 nm to 5 nm in 
width and granules of approximately 12 nm in diameter contain- 
ing mitochondrial RNA are also present. The DNA codes for 
some of the mitochondrial proteins that are synthesized in ribo- 
somes within the organelle, but most of the mitochondrial protein 
is encoded by nuclear DNA. Mitochondria are self-replicating and 
have a half-life of approximately 10 days. 


Lysosomes 


Lysosomes in hepatocytes (see Figs. 1-15 and 1-16) consist of a 
heterogeneous population of organelles that are morphologically 
and functionally interrelated and contain hydrolytic enzymes.’””” 
These organelles form rounded single membrane-bound dense 
bodies, autophagic vacuoles, multivesicular bodies, and coated 
vesicles. In keeping with the earlier comments regarding the Golgi 
apparatus, lysosomes may be part of the intracellular membranous 
network known as the GERL (Golgi-SER-lysosome). The GERL 
is involved with endocytosis and exocytosis, serving as a site for 
sorting of secretory proteins for secretion and for trafficking of 
endocytosed. proteins to lysosomes for degradation. Indeed, the 
GERL is the site where acid phosphatase makes its first appear- 
ance, most likely playing a role in formation of lysosomes. 
Several classes of lysosomes can be identified within the hepa- 
tocyte cytoplasm: 
e Primary lysosomes, small in size, are considered from a func- 
tional point of view to be in a resting phase. 


e Secondary lysosomes are functionally activated. 

e Autophagic vacuoles contain parts of degrading cytoplasmic 
organelles and are often delimited by a double membrane. 

e Residual bodies are larger than primary and secondary lyso- 
somes and are usually more numerous in older organisms. 
The residual bodies contain the residues of nondigested mate- 

rial or pigments such as lipofuscins (which are considered undi- 

gestible permanent residues). Lipofuscin granules are the most 
numerous lysosomal bodies present in human hepatocytes.” 

Lysosomes are frequently found near the plasma membrane 
proximal to the bile canaliculus, and are capable of discharging 
their contents into the biliary space.” The lysosomes in periportal 
hepatocytes are often larger and more positive for acid phospha- 
tase than those in centrilobular hepatocytes.””” 


Peroxisomes 


Peroxisomes are subcellular membrane-bound organelles that are 
usually rounded or slightly oval in shape (see Fig. 1-16), but may 
form dynamic elongated tubules several microns in length.°°°” 
‘They participate mainly in oxidative processes, and play a key role 
in bile acid biosynthesis in the liver.’ Each hepatocyte may 
contain between 300 and 600 peroxisomes, characteristically 
more numerous and larger than in other mammalian cells.” They 
contain a fine granular matrix and in some species (but not 
humans) a denser paracrystalline structure may be present. Per- 
oxisomes may be more numerous in pericentral hepatocytes but 
they are generally homogeneously distributed within the hepatic 
lobule.*””” Peroxisomes are believed to originate as a focal protru- 


sion of the RER. 


Cytoplasmic Contents 


The hepatocyte is extremely rich in non—membrane-bound cyto- 
plasmic inclusions, including glycogen granules, lipid droplets, 
and pigments of various natures.’ Glycogen granules are the most 
abundant inclusions in normal hepatocytes (see Figs. 1-15 and 
1-16).’”? At the electron microscopy level they may occur either 
in the monoparticulate form (B particles, 15-30 nm in size) or, 
more frequently, as aggregates of smaller particles arranged to 
form “rosettes” ( particles). Glycogen granules are dispersed in 
the cytoplasm, but are often associated with the SER. Glycogen 
is depleted during fasting, disappearing first from periportal hepa- 
tocytes and then from centrilobular cells. Upon refeeding, the 
sequence reverses. In this fashion, hepatocytes constitute a major 
metabolic energy reserve during fasting, thus supporting systemic 
glucose homeostasis. 

Lipid inclusions appear as empty vacuoles in histologic sec- 
tions, or osmiophilic droplets by transmission electron micros- 
copy, and are usually not surrounded by membranes. Lipid 
droplets consist of triglycerides in their interior, and are coated 
with a monolayer of phospholipids. Small lipid droplets have a 
high surface/volume ratio and are accessible to cytoplasmic lipases 
that may degrade the retained triglyceride quickly.” Large lipid 
droplets have a low surface/volume ratio, and may reside in hepa- 
tocytes for long after the metabolic reasons for their deposition 
have subsided. 

A variable amount of iron-containing granules are often present 
within the hepatocyte cytoplasm, which is heavily dependent 
upon the iron status of the host.” These are usually in the form 
of ferritin particles. With an approximately spherical shape, 
the iron-containing protein ferritin consists of a protein shell 
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(apoferritin) 11 nm in diameter and an iron-containing central 
core approximately 5 nm in diameter. Hepatocyte iron deposits 
may also occur as single membrane-bound lysosomal bodies 
(residual bodies) forming aggregates of iron-containing electron- 
dense particles (siderosomes-hemosiderin granules). In addition 
to hepatocytes, liver endothelial cells and Kupffer cells”! also accu- 
mulate intracellular iron under conditions of iron overload. 


Cytoskeleton and Cytomatrix 


The cytoskeleton is a structure that is considered to regulate the 
shape, subcellular organization, and movements of the cells. In 
the hepatocyte the cytoskeletal organization is dependent on the 
arrangement of the three main components of this structure: the 
microfilaments, the intermediate filaments, and the microtu- 
bules.” These filament types are regularly distributed in the 
cytoplasm and characterize the cytomatrix, which together with 
other finer filaments (microtrabeculae) is believed to contribute 
to the gel consistency of cytoplasm. Microfilaments, made of 
actin, and microtubules, consisting of tubulin, are both involved 
in intracellular motility. Microtubules are implicated in determin- 
ing cell shape, completing mitosis, and regulating the intracellular 
transport of vesicles.” These structures assume a relevant role in 
the secretion of lipoproteins and albumin and the release of lipids 
into bile, especially in the liver. Microfilaments are more directly 
related to bile secretion. In fact, they are normally found around 
the bile canaliculi (pericanalicular web). Many experimental 
studies have shown that microfilaments play an active role in the 
dilatation and contraction of bile canaliculi, 47 thereby contrib- 
uting to control of bile canalicular caliber and bile flow. 
Intermediate filaments show a more complex architecture. 
They correspond to the epithelial cell tonofilaments of the old 
nomenclature. In the liver they show a relationship with Mallory 
bodies (the structural marker of human alcoholic liver disease). 
They are located around the nucleus, near the cell border, in the 
cytoplasmic network, and around the bile canaliculi. 


The Hepatic Sinusoid 


The hepatic sinusoid is a unique, dynamic, microvascular struc- 
ture that serves as the principal site of exchange between the blood 
and the perisinusoidal space (i.e., space of Disse).’ The sinusoid 
is the home of nonparenchymal cells, of which there are four 
recognized types (Figs. 1-18 and 1-19; see Table 1-2)?”*: 
1. Fenestrated sinusoidal endothelial cells, which form the sinu- 
soid lining that is in contact with the blood 
2. Phagocytic Kupffer cells, which adhere on the luminal aspect 
3. Hepatic stellate cells, specialized pericytes that extend processes 
throughout the space of Disse and serve as myofibroblasts 
during times of hepatic injury and repair 
4, Pit cells, which are immunoreactive natural killer (NK) cells 
that are attached to the abluminal surface of the sinusoid and 
are part of a population of liver-associated lymphocytes” 
Together, the sinusoidal nonparenchymal cells represent 
approximately 6% of the total liver volume, but account for 30% 
to 35% of the total number of liver cells as measured by count of 
nuclei.”’”? Whereas sinusoidal endothelial cells have the capacity 
to divide and proliferate, especially when stimulated by immune 
system modifiers,” sinusoidal macrophages and NK cells may also 
be increased in numbers by the respective recruitment and subse- 
quent modification of monocytes and lymphocytes, principally of 
bone marrow origin.” 
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e Fig. 1-18 Sinusoid wall and contiguous hepatocytes (HC). BC, Bile 
canaliculus; E, endothelium; KC, Kupffer cell; SC, stellate cell; SD, space 
of Disse; SP sieve plate of fenestrae. (Modified from McCuskey RS. In: 
Tavoloni N, Berk PD, editors. Hepatic transport and bile secretion. New 
York: Raven Press, 1993: 6, ©1993, with permission from Lippincott Wil- 
liams & Wilkins [http://ww.com].) 


Bay. ror a. id tc 
e Fig. 1-19 Sinusoidal architecture. The sinusoidal lumen is shown. The 
sinusoidal endothelial cell (GEC) has an attenuated cell body that extends 
around the circumference of the lumen. A Kupffer cell (KC) is attached to 
the luminal surface and a stellate cell (SC) lies externally in the space of 
Disse. (Modified from McCuskey RS. Functional morphology of the liver 
with emphasis on its microvasculature. In: Tavoloni N, Berk PD, editors. 
Hepatic transport and bile secretion. New York: Raven Press, 1993: 6, 
©1993, with permission from Lippincott Williams & Wilkins  [http:// 
lww.com].) 


Sinusoidal Endothelial Cells 


Ostensibly similar to endothelial cells found in capillaries else- 
where throughout the body, contiguous sinusoidal endothelial 
cells in the liver form the basic tubular vessel for conveyance of 
blood and its contents through the sinusoidal vascular channels 


e Fig. 1-20 Sinusoidal endothelial cell. The lumen of the sinusoid (S) is 
shown. The cell body of the sinusoidal endothelial cells contains a nucleus 
(N), and has limited perinuclear cytoplasm that contains a few organelles, 
such as mitochondria, a lysosome, and a few cisternae of endoplasmic 
reticulum. The endothelial cell rests on the hepatocyte microvilli filling the 
space of Disse. (Modified from Wisse E, et al. Structure and function of 
sinusoidal lining cells in the liver. Toxicol Pathol 1996;24:100-111, with 
permission.) 


coursing between the hepatocyte plates. The similarity ends there, 
because sinusoidal endothelial cells do not rest on a basement 
membrane but rather form an attenuated cytoplasmic sheet 
approximately 50 nm to 80 nm in maximum thickness, perfo- 
rated by numerous holes (fenestrae). Also, unlike endothelial cells 
elsewhere, hepatic sinusoidal endothelial cells apparently do not 
form junctions with adjacent endothelial cells (Figs. 1-20 and 
1-21). The sinusoidal endothelial cell fenestrae are so abundant 
that, on scanning electron microscopy, the greater part of the cell 
has a netlike appearance. Thus, the sinusoidal endothelium forms 
a porous barrier between the sinusoidal lumen and underlying 
hepatocytes, reinforced here and there where adjacent endothelial 
cells overlap one another (see Fig. 1-20). 

The sinusoidal endothelial cell fenestrae vary greatly in size, 
but generally fall into two size categories: small fenestrae (0.1- 
0.2 um in diameter) grouped in clusters, forming so-called sieve 
plates; and large fenestrae (up to 1 ym in diameter) which are 
more numerous at the distal end of the sinusoid. Thus, endothelial 
cell porosity is higher in the perivenular zone than in the peripor- 
tal zone.’ The smaller fenestrae traverse individual endothelial 
cells. The larger fenestrae lie between sinusoidal endothelial cells, 
and some workers consider that they may be artifacts due to fixa- 
tion.” Regardless, there is evidence that fenestrae are labile struc- 
tures, whose diameter is regulated and may change in response to 
endogenous mediators (e.g., serotonin) and exogenous agents, 
such as alcohol.” The extracellular matrix in the space of Disse 
also modulates the fenestrae. For example, lack of cell-matrix 
interaction results in loss of fenestrae in cultured sinusoidal endo- 
thelial cells, whereas cells plated on human amnion basement 
membrane retain their fenestrae.” The mechanism for active 
control of the diameters of these fenestrae appears to reside in 
actin-containing components of the sinusoidal endothelial cell 
cytoskeleton. ™ Additional cytoskeletal components form rings 
that delineate both the fenestrae and the sieve plates.” The 


e Fig. 1-21 Sinusoid illustrating fenestrae organized in clusters as sieve 
plates (arrowheads). H, Hepatocyte; SD, space of Disse. (Reproduced 
from McCuskey RS. Functional morphology of the liver with emphasis on 
its microvasculature. In: Tavoloni N, Berk PD, editors. Hepatic transport 
and bile secretion. New York: Raven Press, 1993: 7, ©1998, with permis- 
sion from Lippincott Williams & Wilkins [http://\ww.com].) 


number of fenestrae present in the hepatic sinusoid decreases as 
the individual ages.” 

‘The unique porous structure of the hepatic sinusoid allows the 
endothelial cells to coarsely filter the sinusoidal blood, while per- 
mitting free passage of macromolecular solutes from the lumen 
into the space of Disse so as to come into contact with the baso- 
lateral plasma membrane of hepatocytes. However, large particles, 
such as newly generated chylomicrons, are excluded. Transport of 
particulates somewhat larger than the size of the fenestrae is pos- 
tulated to be accomplished by the forced sieving and endothelial 
massage concomitant with the passage of blood cells, particularly 
leukocytes, through the sinusoids and the resulting interaction of 
these cells with the endothelial wall.’ 

Sinusoidal endothelial cells show a number of phenotypic dif- 
ferences compared with vascular endothelium elsewhere.” They 
do not bind the lectin Ulex europaeus and, in most species, do 
not express factor VIII-related antigen (von Willebrand factor), 
although the cells assume these properties in chronic liver disease.” 
Furthermore, they contain absent to low levels of other molecules 
characteristically found in vascular endothelium, suchas E-selectin, 
CD31, and CD34,” but do express Fey IgG receptors (CD16 
and CDw32), CD4, CD14, and amino-peptidase N.” They also 
exhibit membrane immunoreactivity for ICAM-1.”° The natural 
ligand for this adhesion molecule, LFA-1, is present on Kupffer 
cells; this receptor may therefore be involved in adhesion of 
Kupffer cells to the endothelial lining.” Up-regulation of intercel- 
lular adhesion molecule-1 (ICAM-1) expression in sinusoidal 
endothelial cells may be important in “trapping” lymphocyte asso- 
ciated antigen-1 (LFA-1) positive lymphocytes in inflammatory 
liver diseases.” 

Another unusual feature of sinusoidal endothelial cells is their 
high endocytotic activity.”*”” Sinusoidal endothelial cells contain 
numerous cytoplasmic vacuoles and organelles associated with 
the uptake, transport, and degradation of material. These include 
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bristle-coated pits (which are invaginations from the cell 
membrane), bristle-coated micropinocytotic vesicles, endosomes, 
transfer tubules, and lysosomes. The variety of substances 
known to be endocytosed by sinusoidal endothelial cells includes 
proteins, glycoproteins, lipoproteins, glycosaminoglycans,'°''” 
and, under certain conditions, larger particulates, which are 
phagocytosed in the absence of functional Kupffer cells." 

In addition, sinusoidal endothelial cells have been demon- 
strated to play a significant role in the processing and metabolism 
of lipoproteins and the removal of advanced glycation end-product 
(AGE) molecules.'°”'® This process appears to be directed towards 
uptake and lysosomal degradation of compounds rather than 
providing an alternative route for their transport from the sinu- 
soidal lumen to the space of Disse. A large number of endogenous 
compounds may be endocytosed, some of which are effete mol- 
ecules and are cleared from the circulation and others which are 
modified and appear to undergo transcytosis to hepatocytes, 
perhaps in a more selective fashion than macromolecular solutes 
passing only through the fenestrae.” Thus, the sinusoidal endo- 
thelial cells have a role in removing soluble immune complexes 
(similar to Kupffer cells) and have also been shown to store and 
metabolize serum immunoglobulin and to remove hyaluronic 
acid/chondroitin sulphate proteoglycans from the circulation. '°°'°* 

The sinusoidal endothelial cells also have synthetic activity 
and produce proinflammatory cytokines, such as interleukin-1, 
interleukin-G, and interferon,” nitrous oxide (NO), endothelins, 
eicosanoids, particularly prostaglandins PGI, and PGE), and 
thromboxane A, (TXA,).’°'" Thus, the sinusoidal endothelial 
cells participate in host innate immunity and regulation of sinu- 
soidal blood flow in the liver. In addition, sinusoidal endothelial 
cells constitutively express the intercellular adhesion molecule 
ICAM-1, which along with vascular cell adhesion molecule-1 
(VCAM-1) is up-regulated by inflammatory stimuli either in a 
direct manner or by mediators released from stimulated Kupffer 
cells, resulting in increased adhesion of leukocytes to the endo- 
thelial surfaces." Under homeostasis, liver sinusoidal endothelial 
cells shift intrahepatic T-cell responses towards tolerance. Sinusoi- 
dal endothelial cells also act as antigen-presenting cells (APCs) 
that prime naive CD4+ T cells, induce CD4+ CD25+ Foxp3+ 
regulatory T cells (Tregs)''' and immunosuppressive IL-10- 
producing Th1 cells,''* and prime naive CD8+ T cells that leads 
to tolerance induction. Independent of their APC properties, 
sinusoidal endothelial cells express CD95 ligand and sinusoidal 
endothelial cell lectin (LSECtin, also known as CLEC4G), a 
ligand for CD44, that interact with activated but not resting T 
cells and inhibit T cell activation and proliferation or induce 
apoptosis. Sinusoidal endothelial cells can negatively regulate the 
APC function of neighboring dendritic cells via direct contact. > 

Sinusoidal endothelial cells function as more than a living 
barrier between the blood and hepatocytes. They are a gatekeeper 
in the process of hepatic fibrogenesis. Capillarization of sinusoids 
with defenestration of sinusoidal endothelial cells in liver disease 
results in activation of hepatic stellate cells and induces deposi- 
tion of extracellular matrix in the space of Disse. Maintenance/ 
restoration of sinusoidal fenestrations and prevention of capillar- 
ization help preserve stellate cell quiescence and minimize/reverse 
fibrosis.''”'!° Sinusoidal endothelial cells contribute to the angio- 
genesis of liver regeneration through their effects on other liver 
cells''”''® and serve as master regulators by linking the processes 
of regeneration and angiogenesis through angiopoietin-2.''” Sinu- 
soidal endothelial cells produce stromal-derived factor (SDF)-1 
and its receptor CXCR4, and may constitute a fundamental niche 
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e Fig. 1-22 Kupffer cell (KC) attached to luminal surface of sinusoidal 
endothelium. The fenestrae (F) of the sieve plates in underlying sinusoidal 
endothelial cells also are visible. (Modified from McCuskey RS. Functional 
morphology of the liver with emphasis on its microvasculature. In: Tavoloni 
N, Berk PD, editors. Hepatic transport and bile secretion. New York: 
Raven Press, 1993: 7, ©1993, with permission from Lippincott Williams 
& Wilkins [http://lww.com].) 


for regulation of hematopoietic stem cell migration to the liver 
during extramedullary hematopoiesis.” Finally, LSECtin plays an 
important role in colorectal carcinoma metastasis to the liver.” 


Kupffer Cells 


Kupffer cells are hepatic macrophages and are present in the 
lumen of hepatic sinusoids (see Fig. 1-19), constituting the largest 
population of fixed macrophages in the body. They belong to 
the mononuclear phagocytic system, but manifest phenotypic 
differences that distinguish them from other macrophages. They 
are of considerable importance in host defense mechanisms and 
in addition have an important role in the pathogenesis of various 
liver diseases.” On scanning electron microscopy, Kupffer cells 
have an irregular stellate shape,'” and within the sinusoidal lumen 
the cell body rests on the endothelial lining (Fig. 1-22). They are 
more numerous in the periportal sinusoids'™ and as noted earlier 
there is some evidence that, similar to hepatocytes, Kupffer cells 
also manifest functional heterogeneity in the lobule.'**'” They do 
not form junctional complexes with endothelial cells but they may 
be found in gaps between adjacent endothelial cells and their 
protoplasmic processes may extend through the larger endothelial 
fenestrae into the perisinusoidal space of Disse. The luminal 
surface shows many of the structural features associated with 
macrophages: small microvilli and microplicae and sinuous invag- 
inations of the plasma membrane. 

Although Kupffer cells are considered to be fixed-tissue mac- 
rophages, they appear capable of actively migrating along the 
sinusoids, both with and against the blood flow, and can migrate 
into areas of liver injury and into regional lymph nodes.'”° They 
contain lysosomes and phagosomes, and the cisternae of their 
endoplasmic reticulum are rich in peroxidase. Their primary func- 
tions include the removal by ingestion and degradation of particu- 
late and soluble material from the portal blood, and in this they 
discriminate between “self” and “nonself” particles. They act as 
scavengers of microorganisms and degenerated normal cells, such 


as effete erythrocytes, circulating tumor cells, and various macro- 
molecules. These functions are in part carried out nonspecifically 
but they are also involved in the initiation of immunologic 
responses and the induction of tolerance to antigens absorbed 
from the gastrointestinal tract. The efficiency of this clearance 
function is shown by the fact that removal of particulate material 
is limited only by the magnitude of hepatic blood flow; removal 
of particles may approach single-pass efficiency. Kupffer cells also 
phagocytose dead hepatocytes, generated either through apoptosis 
or necrosis. Such phagocytosis occurs within hours of hepatocyte 
death,” so that the presence of apoptotic hepatocytes in a tissue 
section is indicative of recent cell death. 

Kupffer cells play a major role in the clearance of gut-derived 
endotoxins from the portal blood and this is achieved without the 
induction of a local inflammatory response. It has been estimated 
that the portal blood concentration of endotoxin varies from 
100 pg/mL to 1 ng/mL.'** The precise mechanisms involved are 
not fully understood, but there appears to be finely balanced 
autoregulation between the release of proinflammatory and 
inflammatory mediators such as interleukins 1 and 6, tumor 
necrosis factor Œ (TNFa) and interferon y, and mediators such 
as interleukin-10 which suppresses macrophage activation and 
inhibits their cytokine secretions. °”! Kupffer cells express TLR4, 
TLR2, TLR3, and TLR9 and respond to LPS. Kupffer cells act 
as both immune activating and immune regulatory cells depend- 
ing on the specific situation. °>” Recent animal studies indicated 
Kupffer cells are comprised of diverse subsets with distinct ontog- 
eny and functions, but this concept has yet to be fully explored 
in humans.'* 

Several cytokines released by activated Kupffer cells are also 
thought to have local effects, modulating microvascular responses 
and the functions of hepatocytes and stellate cells.” Although 
Kupffer cells can express class II histocompatibility antigens'*’ and 
can function in vitro as antigen-presenting cells, they appear to 
be considerably less efficient at this than macrophages at other 
sites.” Their principal roles in the immune response therefore 
appear to be antigen sequestration by phagocytosis and clearance 
of immune complexes.'”* 

There is firm evidence from bone marrow transplant and liver 
transplant studies that Kupffer cells are derived, at least in part, 
from circulating monocytes. °>!“ However, Kupffer cells are 
capable of replication and their local proliferation accounts for a 
substantial part of the expansion of this cell population in response 
to liver injury.'“’'“° Furthermore, Kupffer cells appear in the fetal 
liver of the mouse before there are circulating monocytes and 
there is evidence that they are derived from primitive macrophages 
that first appear in the yolk sac.'® These data suggest that Kupffer 
cells may have a dual origin. 


Stellate Cells 


Within the space of Disse are stellate cells whose long cytoplasmic 
processes surround the sinusoids. Originally identified by Boll and 
von Kupffer in the 1870s, they were largely ignored until 1951 
when Ito described their morphologic features on light micros- 
copy.“ They were subsequently referred to under a variety of 
terms—Zto cells, hepatic lipocytes, fat storing cells, stellate cells, and 
parasinusoidal cells.“ The now accepted nomenclature for them 
is hepatic stellate cells (HSCs).'” 

Stellate cells comprise less than 10% of total resident liver 
cells under normal conditions and are regularly spaced alon 
the sinusoids (approximately 40 um from nucleus to nucleus). 


e Fig. 1-23 Stellate cell lying within the space of Disse, which is 
covered by the endothelial lining. Fat droplets (asterisks) and cister- 
nae of the endoplasmic reticulum are located in the cytoplasm. A small 
bundle of collagen fibers (arrow) is associated with the cell. N, Nucleus, 
SD, space of Disse; S, sinusoidal lumen; A fenestrae. (Modified from 
Wisse E, et al. Structure and function of sinusoidal lining cells in the liver. 
Toxicol Pathol 1996;24:100-111, with permission.) 


Despite their relative scarcity, their long cytoplasmic processes can 
cover the entire perisinusoidal area. It is notable that autonomic 
nerve endings running in the space of Disse come into contact 
with stellate cells, and the stellate cells respond to o-adrenergic 
stimulation. 

Hepatic stellate cells are not readily visualized on light micros- 
copy, but they may be readily seen in very thin histologic sections 
or by transmission electron microscopy (Fig. 1-23). The cells 
resemble pericytes and they establish close contacts with adjacent 
hepatocytes. The nucleus of a stellate cell is frequently located 
between hepatic parenchymal cells, whereas the thin, multiple 
cytoplasmic processes of these cells course through the perisinu- 
soidal space and extensively embrace, like a cylindrical basket, the 
abluminal surfaces of the sinusoidal endothelium.'“’ They contain 
many small lipid droplets that are rich in vitamin A. Rough 
endoplasmic reticulum and Golgi apparatus are well developed in 
these cells. 

The biologic function of HSCs have been extensively 
reviewed.” Under noninflammatory conditions, HSCs have 
central roles in vitamin A storage and metabolism, hepatic organ- 
ogenesis, regeneration and extracellular matrix homeostasis, drug 
metabolism and detoxification, and regulating blood flow through 
the sinusoids.” Once HSCs are activated under inflammatory 
conditions, they lose their perinuclear retinoid droplets, differen- 
tiate into myofibroblasts and assume a crucial role in liver angio- 
genesis, °! regeneration, and development of hepatocellular 
carcinoma.'”'° HSCs also take on the novel role of immune 
sentinels in the liver. "1°91 

Hepatic stellate cells have four main functions in the liver: 

1. They are a major site of storage for vitamin A.’ Dietary 
retinyl esters reach the liver in chylomicron remnants. These 
pass from the sinusoidal lumen through the endothelial fenes- 
trae and are taken up by hepatocytes. Most of the endocytosed 


CHAPTER1 Anatomy and Cellular Functions of the Liver 17 


retinol is rapidly transferred to the stellate cells for storage by 
an as yet poorly defined transport mechanism.'” The cells 
contain a high concentration of cellular retinoid-binding 
protein and cellular retinol-acid binding protein. 

2. They act in a pericyte-like manner around the sinusoids and 
may have a role in the control of microvascular tone in the 
normal liver.'**'°° Activated stellate cells have a definite con- 
tractile role in the injured liver owing to their up-regulation of 
a-SMA, and they respond to vasoactive agents such as endo- 
thelin 1 and nitric oxide. 

3. They produce extracellular matrix proteins both in the normal 
liver and when activated in the process of liver fibrogene- 
sis.'“°'’ Healthy individuals have little or no basal lamina 
and collagen associated with the sinusoidal endothelium. As 
a result, the sinusoid wall is a highly permeable structure 
that permits continuity of plasma between the blood and the 
hepatocyte. However, with certain types of liver injury (e.g., 
cirrhosis) basement membrane material and collagen fibrils 
accumulate in the perisinusoidal space, resulting in capillariza- 
tion of the sinusoid and impaired transvascular exchange.'®’ 
Hepatic stellate cells are thought to be responsible for the 
synthesis of this material, following their transformation into 
myofibroblast-like cells having reduced numbers of fat droplets 
and vitamin A and an increased capacity to secrete extracel- 
lular matrix materials, including collagen types I and III to 
VI, fibronectin, laminin, tenascin, undulin, hyaluronic acid, 
biglycan, decorin, syndecan-containing chondroitin sulfate, 
heparan, and dermatan sulphate. '® 

4, They play a role in hepatic regeneration both in the normal 
liver and in response to liver injury.'®’ They express hepatocyte 
growth factor'**' and this can be enhanced in human hepatic 
stellate cells in response to insulin-like growth factor-2. 

In recent years, stellate cells have emerged as a prominent deter- 

minant of hepatic immunoregulation during injury. HSCs regu- 

late immune function through four interrelated mechanisms: 

e HSCs produce chemokines that facilitate inflammatory cell 
adhesion and migration into the liver.'”! 

e HSCs can function as antigen-presenting cells to process 
protein antigens and present peptides to CD4+ and CD8+ T 
cells. 

e HSCs express several pattern-recognition receptors, such as 
toll-like receptors (TLRs), and activated HSCs can induce NK 
cell activation, resulting in IFN-g production that play a role 
in the liver innate immunity. 

e They manifest immunosuppressive activities as bystander cells 
in the context of T cell immunity. 

Overall, HSCs promote immune-suppressive responses in homeo- 

stasis, like induction of regulatory T cells (Tregs), T cell apoptosis 

(via B7-H1, PDL-1) or inhibition of cytotoxic CD8 T cells.'° 

HSCs are a rich source of antiinflammatory mediators IL-10 and 

TGF, interfere with local T cell activation and cause induction 

and proliferation of Tregs. Because HSCs form a second layer of 

cells between the bloodstream and hepatocytes, the immune regu- 
latory properties of HSCs can limit the effector function of those 

T cells that have extravasated from the sinusoidal lumen, prevent- 

ing tissue damage and loss of organ function. This immune regu- 

latory function is so strong that HSCs are even able to promote 
pancreatic islet allograft survival if they are cotransplanted. HSCs 

not only function as immune regulatory bystander cells during T 

cell activation and Treg induction, but also during contact with 

myeloid cells: HSCs also diminish the APC function of dendritic 
cells. During chronic inflammation in the liver, HSCs facilitate 
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e Fig. 1-24 Liver-associated lymphocyte in close contact with the endo- 
thelial lining and in contact with microvilli of the underlying hepatocytes 
(arrowhead). N, Nucleus; SD, space of Disse; Ec, endothelial cell; A fenes- 
trae; S, sinusoidal lumen. (Modified from Wisse E, et al. Structure and 
function of sinusoidal lining cells in the liver. Toxicol Pathol 1996;24:100- 
111, with permission.) 


the differentiation of inflammatory monocytes into myeloid- 
derived suppressor cells (MDSCs) that impair T cell prolifera- 
tion and effector function. The induction of multiple types of 
immune inhibitory cells by HSCs leads to a complex suppressive 
microenvironment. 


Liver-Associated Lymphocytes 


Liver-associated lymphocytes (LALs) are derived from circulating 
large granular lymphocytes (LGL)'®’ that become attached to 
the sinusoidal wall (Fig. 1-24); LGL possess natural killer (NK) 
activity and are part of a population of LAL.””"*'® Although 
the majority of LAL cell attachments to the sinusoidal wall are 
to endothelial cells, adhesion to Kupffer cells is not uncommon. 
LALs also reside in the interstices between hepatocytes (pit 
cells). Pit cells have been shown to spontaneously kill tumor cells 
and produce a cytolytic factor that is up-regulated by biologic 
response modifiers such as zymosan, as well as by IL-2.'°° These 
substances also induce proliferation of pit cells, as does partial 
hepatectomy, perhaps through the activation of Kupffer cells. 
Finally, two types of pit cell have been recognized: high density 
(HD) and low density (LD). The LD pit cells have a greater 
number of smaller granules, as compared with the granules found 
in HD cells; in addition, LD cells exhibit more cytotoxicity.'”° 


Innervation 


Aminergic, peptidergic, and cholinergic nerves are contained 
in the portal tracts and affect both intrahepatic blood flow 
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e Fig. 1-25 Nerve fiber (N) closely associated with a stellate cell (SC) 
in the space of Disse of a dog. H, Hepatocyte; L, lipid droplet. 


and hepatic metabolism.'7"'”* The role of neural elements in regu- 
lating blood flow through the hepatic sinusoids, solute exchange, 
and parenchymal function is incompletely understood.'” This is 
due in part to limited investigation in only a few species, whose 
hepatic innervation may differ significantly from that of humans. 
For example, most experimental studies have used rats and mice, 
whose livers have little or no intralobular innervation. In contrast, 
most other mammals, including humans, have aminergic and 
peptidergic nerves extending from the perivascular plexus in the 
portal space into the lobule (see Fig. 1-8), where they course in 
the space of Disse in close relationship to stellate cells and hepatic 
parenchymal cells (Fig. 1-25). Although these fibers extend 
throughout the lobule, they predominate in the periportal region. 
Cholinergic innervation, however, appears to be restricted to 
structures in the portal space and immediately adjacent hepatic 
parenchymal cells. Neuropeptides have been co-localized with 
neurotransmitters in both adrenergic and cholinergic nerves. Neu- 
ropeptide Y (NPY) has been co-localized in aminergic nerves 
supplying all segments of the hepatic portal venous and the 
hepatic arterial and biliary systems. Nerve fibers immunoreactive 
for substance P (SP) and somatostatin (SOM) follow a similar 
pattern of distribution. Intralobular distribution of all of these 
nerve fibers is species dependent and similar to that reported for 
aminergic fibers. Vasoactive intestinal peptide (VIP) and calcito- 
nin gene-related peptide (CGRP) are reported to coexist in cho- 
linergic and sensory afferent nerves innervating portal veins and 
hepatic arteries and their branches, but not the other vascular 
segments or the bile ducts. Nitrergic nerves immunoreactive for 
neuronal nitric oxide (nNOS) are located in the portal tract, 
where nNOS co-localizes with both NPY- and CGRP-containing 
fibers. 


Heterogeneity 


In completing this discussion of hepatic microanatomy—with 
occasional mention of structural variations of both hepatocytes 
and nonparenchymal cells from the periportal to the pericentral 
region, we must now consider the functional heterogeneity that 
occurs along the portal-to-central axis. Intralobular metabolic 
zonation creates variable cellular functions along the different 


zones within each lobule.'”*'” For hepatocytes, the key enzymes 
involved in glucose uptake and release and in the formation of 
urea and glutamine are reciprocally located with glucogenic and 
urea cycle enzymes, principally in the periportal zone, and with 
glycolytic and glutaminogenic enzymes, in the centrilobular zone. 
Mixed-function oxidation and glucuronidation are mainly cen- 
trilobular functions, whereas sulfation is principally a periportal 
function. This zonation of enzymatic functions also is reflected 
ultrastructurally in differences in mitochondria and smooth 
endoplasmic reticulum among different zones. As a result of this 
zonation, as well as the portal-to-central oxygen gradient, most 
toxicologic and pathologic events in the liver show a considerable 
degree of zonal preference. An example of toxicants eliciting peri- 
portal injury is allyl alcohol; carbon tetrachloride and acetamino- 
phen elicit centrilobular injury. Lastly, under normal conditions 
most bile formation occurs in the more proximate periportal 
regions of the lobule; with heavier bile acid loads entering the 
liver, bile acid uptake and bile secretion by hepatocytes can extend 
the length of the lobule.'”° 

The lobular zonation of sinusoids is also manifested both struc- 
turally and functionally.”’® Near their origins from portal venules 
and hepatic arterioles, sinusoids are slightly narrower and are 
tortuous and anastomotic, forming interconnecting polygonal 
networks; farther away from the portal venules the sinusoids 
become organized as parallel vessels that converge on the terminal 
hepatic veins. Short intersinusoidal vessels connect adjacent paral- 
lel sinusoids. The volume of liver occupied by sinusoids in the 
periportal area is also greater than surrounding central venules. 
However, because of the smaller size and the anastomotic nature 
of the periportal sinusoids, the surface area available for exchange 
in the periportal sinusoids (surface area/volume ratio) is greater 
than that found in centrilobular sinusoids. As previously dis- 
cussed, the size and pattern of distribution of endothelial fenestrae 
differ along the length of the sinusoid. At the portal end the 
fenestrae are larger but comprise less of the endothelial surface 
area than they do in the pericentral region. The functional signifi- 
cance of these regional differences is unclear. 


Conclusion 


Although the liver has no moving parts, the relationship of its 
microanatomy to its metabolic and physiologic function is 
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exquisite. An understanding of liver function requires knowledge 
of hepatic microanatomy. Moreover, for physician and scientist 
alike, understanding the liver diseases discussed later in this 
volume is predicated on knowledge of how the different cellular 
and structural elements of the liver can become damaged and 
scarred, or repaired and regenerated. The current chapter has 
detailed both the long-documented gross, microscopic, and ultra- 
structural features of hepatic anatomy, and has aimed to provide 
insights into how the cells of the liver work together to perform 
its many functions. The text has included recent advances in this 
field, primarily at the cellular biologic level. These advances, and 
current key knowledge gaps, are highlighted later. 


SUMMARY 


Recent Progress 

e portal tract: portal fibroblasts as separate from hepatic stellate cells 

e biliary tree: canal of Hering as a regenerative compartment 

e cholangiocytes: cholangiocyte physiology in bile formation 

e hepatocytes: molecular regulation of hepatocyte cellular biology; 
intracellular molecular trafficking within the hepatocyte 

e sinusoids: understanding of the hepatic stellate cell 


Key Knowledge Gaps 

e portal tracts: formation of hepatic lymph 

e bile ducts and cholangiocytes: continued exploration of cholangiocyte 
biology 

interface: triggers of regeneration at the interface 

hepatocytes: continued exploration of hepatocyte biology 

sinusoids: molecular regulation of hepatic stellate cell biology 
immunology: molecular immunology of the sinusoid; continued 
exploration of liver as an immunologic organ 

e nerves: neural regulation of hepatic regeneration and repair 
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ABBREVATIONS 


ACOX acyl-CoA oxidase 

ASBT apical sodium bile acid transporter 

CTX cerebrotendinous xanthomatosis 

FAB-MS fast atom bombardment ionization mass spectrometry 
GC-MS gas chromatography—mass spectrometry 

GGT y-glutamyltranspeptidase 

LDL low-density lipoprotein 

LSIMS liquid secondary ionization mass spectrometry 
PFIC progressive familial intrahepatic cholestasis 

TUDCA taurine-conjugated form of ursodeoxycholic acid 
UDCA ursodeoxycholic acid 

VLCFA very long chain fatty acids 

VSG vertical sleeve gastrectomy 


Introduction 


The importance of bile acid synthesis and metabolism to normal 
physiology and pathophysiologic states is well established. For a 
long time these small and relatively simple molecules, constructed 
on a steroid backbone, have been considered essential for choles- 
terol metabolism and bile flow and important for micelle forma- 
tion for absorption of fats in the small intestine. More recently, 
bile acids have been further recognized as signaling molecules that 
regulate metabolism. ™“ This chapter provides an overview of the 
pathways of bile acid synthesis and metabolism. It will focus on 
specific inborn errors in bile acid synthesis because these highlight 
the important role of bile acids in maintaining hepatic bile flow 
and as signaling integrators of metabolism. 


Pathways of Bile Acid Synthesis 
From Cholesterol 


Structurally, bile acids possess a cyclopentanoperhydrophenan- 
threne (ABCD ring) nucleus and therefore belong to the chemical 
class of steroids.’ They differ from steroid hormones and neutral 
sterols, such as cholesterol, in having a five-carbon-atom side 
chain with a terminal carboxylic acid (Fig. 2-1). Bile acids are 
synthesized in the liver from cholesterol by a complex series of 
reactions catalyzed by 17 different hepatic enzymes located in the 


20 


endoplasmic reticulum, mitochondria, cytoplasm, and peroxisomes. 
Consequently there is considerable trafficking of intermediates 
between these subcellular compartments. Several of the enzymes 
are also found in extrahepatic tissues.” The enzymes involved in 
bile acid biosynthesis have all been isolated and well characterized 
in pioneering work performed in the late 1960s and the 1970s. 
More recently the role that each enzyme plays in the regulation 
of bile acid synthesis has been elucidated from studies of gene 
knockout animal models and humans with genetic defects in bile 
acid synthesis. Complementary (c) DNAs have now been described 
for these enzymes,’ including the rate-limiting enzyme in the 
bile acid biosynthetic pathway, cholesterol 70-hydroxylase,” and 
these have provided important tools to examine the regulation of 
bile acid synthesis and to confirm genetic defects in bile acid 
synthesis. 

Conjugated (glycine and taurine) cholic and chenodeoxycho- 
lic acids are the two primary bile acids synthesized in humans, 
but there is considerable variability in the qualitative pattern of 
bile acid synthesis among animal species.’ Rodents synthesize 
mostly cholic acid and the 6f-hydroxylated bile acid, B- 
muricholic (3068.7B-trihydroxy-5B-cholanoic acid), and these 
are predominantly taurine conjugated, whereas pigs synthesize 
a 601-hydroxylated bile acid, hyodeoxycholic (30,60-dihydroxy- 
5B-cholanoic acid) and 6-oxo-lithocholic acid. Such differences 
need to be considered when working with different species and 
animal models of disease. 

Although there is a tendency to illustrate the reactions in the 
bile acid synthetic pathway to occur in a linear fashion (Fig. 2-2), 
moving from initiation of changes to the steroid nucleus through 
modification of the side chain, in reality there is considerable 
substrate promiscuity for the 17 enzymes catalyzing the various 
reactions, which consequently results in vast number of different 
bile acids and intermediates being synthesized.” This is especially 
evident during early development, a period of physiologic cho- 
lestasis,'°"' and in pathologic conditions that interfere with the 
integrity of the enterohepatic circulation. Furthermore, intestinal 
bacterial modifications, resulting in the formation of “secondary” 
bile acids, add a further level of complexity to the bile acid com- 
position of biologic fluids.” 

There are two main pathways leading to primary bile acid 
synthesis. > These are termed the neutral and acidic path- 
ways, the former being the classic one that is initiated by the 
rate-limiting cytochrome P4so liver-specific enzyme, cholesterol 
7a-hydroxylase (CYP7A1) leading to cholic acid synthesis,'° and 
the latter being initiated by the action of cholesterol 27-hydroxylase 
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e Fig. 2-1 The 58-cholanoic acid nucleus that is the basic structure of 
C.,-bile acids of mammalian species. Shown are the cyclopentanoper- 
hydrophenanthrene (ABCD) rings, the numbering system for the carbon 
atoms, and the metabolic sites of substitution of functional groups occur- 
ring under normal and pathophysiologic conditions. Unsaturation can also 
occur in the nucleus (mainly at positions A’, A’) and in the side chain. The 
smaller font size signifies the relative quantitative importance of the con- 
jugation reactions. 


(CYP27A1) on the side chain to yield chenodeoxycholic acid.” 
This acidic pathway leads to the formation of 3B-hydroxy-5- 
cholenoic and lithocholic acids as intermediates to chenode- 
oxycholic acid. These markedly hepatotoxic monohydroxy-bile 
acids are increased in early life and in cholestatic liver diseases. 
27-Hydroxylation occurs in the liver and in many other tissues, 
including brain, alveolar macrophages, vascular endothelia, and 
fibroblasts,'*”° and its extrahepatic role appears related to the cel- 
lular regulation of cholesterol homeostasis by its ability to generate 
oxysterols that are potent repressors of cholesterol synthesis.*'” It 
is now accepted that the acidic pathway contributes significantly 
to overall total bile acid synthesis, and especially to chenode- 
oxycholic acid synthesis.'*’' Normal levels of bile acids are 
synthesized in mice even when the gene encoding cholesterol 
70.-hydroxylase is knocked out, and bile acid synthesis is sus- 
tained in rats when cholesterol 70-hydroxylase is inhibited by 
continuous infusion of squalestatin.”’ However, Cyp7al—/— mice 
die within the first few weeks of life from liver failure and the 
consequences of fat-soluble vitamin malabsorption,””® unless 
fat-soluble vitamins and cholic acid are fed to these animals 
immediately after birth.” Despite being deficient in cholesterol 
701-hydroxylase, primary bile acid synthesis occurs via the devel- 
opmental expression of an oxysterol 70-hydroxylase (CYP7B1) 
specific to the acidic pathway,”* and this enzyme is essential in early 
human life to protect the liver from hepatotoxic monohydroxy- 
bile acids that are formed as intermediates in this pathway.” 
The aforementioned examples show that primary bile acid syn- 
thesis is not exclusively dependent on cholesterol 7a-hydroxylase, 
and under certain conditions, alternative pathways are induced. 
For some time it was evident that there were a number of 
different 70-hydroxylases.*”** This was confirmed by Russell et al. 
following the isolation and characterization of the oxysterol 
70t-hydroxylases, CYP7B1 and CYP39A1.”*? CYP7B1 has high 
activity in human liver and is also found in brain, kidney, and 
prostate, but its regulation is not fully understood.” It has broad 
substrate specificity, being active on the oxysterols, 27- and 


25-hydroxycholesterol, >? on the bile acids 3B-hydroxy-5- 
cholenoic and 3B-hydroxy-5-cholestenoic acids,” and also on Cio 
steroids.” The CYP7BI gene is localized to chromosome 8q21.3 
and in close proximity to the CYP7A1 gene. Genetically engineered 
Cyp7bl (-/-) mice lacking this enzyme have elevated levels of 
27- and 25-hydroxycholesterol, but not 24-hydroxycholesterol.*° 
Similarly, extremely high levels of 27-hydroxycholesterol and the 
hepatotoxic monohydroxy bile acids hepatotoxic monohydroxy 
bile acid 3B-hydroxy-5-cholenoic and 3B-hydroxy-5-cholestenoic 
acids were found in an infant with a genetic defect in oxysterol 
70-hydroxylase.”” A mutation in the CYP7B/ gene will cause a 
phenotype of progressive and fatal liver disease””””** and indi- 
cates the quantitative importance of the acidic pathway in early 
human life. 

Following the synthesis of 70-hydroxycholesterol, modifica- 
tions to the steroid nucleus take place; these result in oxidoreduc- 
tion and C-12 hydroxylation, consequently preparing the sterol 
intermediates for direction into either the cholic acid (30,70, 120- 
trihydroxy-5B-cholan-24-oic) or chenodeoxycholic acid (301,7a- 
dihydroxy-5B-cholan-24-oic) pathways. According to convention, 
701-hydroxycholesterol is converted to 70-hydroxy-4-cholesten-3- 
one, a reaction catalyzed by a microsomal NAD-dependent 
3B-hydroxy-A*-C,,-steroid oxidoreductase (HSD3B7) enzyme 
(C,,3B-HSD), formerly referred to as a 3B-hydroxy-A’-C>-steroid 
dehydrogenase/isomerase.”’ This enzyme shows substrate specific- 
ity toward 70-hydroxylated sterols and bile acids possessing 
a 3fB-hydroxy-A’ nucleus and is inactive on 7B-hydroxylated 
analogs. Comparable reactions occur in steroid hormone synthe- 
sis; however, the enzyme active on bile acid intermediates is a 
distinct single enzyme that shows absolute specificity toward C37- 
sterols,” differing from the isozymes active on Cı and C;, neutral 
steroids. 3B-Hydroxy-A’-C),-steroid oxidoreductase is not exclu- 
sive to the liver but is also expressed in fibroblasts, which enables 
its activity to be determined in patients with a genetic defect in 
this enzyme.“ Mutations in the gene encoding this enzyme are 
associated with progressive intrahepatic cholestasis,‘'“? and this is 
often the cause of late-onset chronic cholestasis. 

120-Hydroxylation of the product of the above reaction will 
direct the A*-3-oxo intermediate into the cholic acid pathway. 
This reaction is catalyzed by a liver-specific microsomal cyto- 
chrome P45, 120-hydroxylase (CYP8B1), which is highly expressed 
in rabbit and human liver, two species where deoxycholic acid is 
quantitatively important. When the gene encoding this enzyme 
is knocked out in mice, there is loss of cholic acid and reduced 
cholesterol absorption.’ The primary structures of the rabbit, 
mouse, and human enzymes have been established by molecular 
cloning of their cDNAs.“ The activity of 120-hydroxylase 
enzyme determines the relative proportion and synthetic rate of 
cholic relative to chenodeoxycholic acids and appears in humans 
to be up-regulated by interruption of the enterohepatic circulation 
and in animals by starvation.“ It is possible that in utero there 
may be reduced activity of this enzyme because fetal bile has a 
predominance of chenodeoxycholic acid.*° In contrast, the ratio 
of cholic acid to chenodeoxycholic acid is very high in neonatal 
bile” compared with adult bile.“ The neonatal period of life is 
associated with a phase of physiologic cholestasis,” which may 
lead to an up-regulation in 120-hydroxylase activity with a con- 
sequent increase in cholic acid synthesis. 

70.-Hydroxy-4-cholesten-3-one and 70,120-dihydroxy-4- 
cholesten-3-one both undergo reduction with formation of a 
3-oxo-5B(H)-structure, and this generates the basic trans configu- 
ration of the A/B-rings of the steroid nucleus that is common 
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e Fig. 2-2 Metabolic pathways leading to the formation of the primary bile acids of cholic and che- 
nodeoxycholic acids from cholesterol. Enzymes catalyzing the individual reactions are indicated by 
italics. Those enzymes where inborn errors in bile acids synthesis have been identified are highlighted. 
The intermediate sterol-C4 is highlighted as it provides a surrogate marker for bile acid synthesis. The 
broken arrows indicate multiple steps in the conversion. Shaded areas are the classic (neutral) pathway, 


the acidic pathway, and several alternative pathways. 


to the majority of bile acids in most mammalian species. Allo(S5a- 
H)-bile acids” are often major bile acid species of lower verte- 
brates but are found in small proportions in biologic fluids from 
humans. These are formed by an analogous reaction but catalyzed 
by a hepatic 50-reductase. The Km of 50-reductase is high, and 


consequently under normal conditions 5B-reduction is favored. 
The A*-3-oxosteroid 5B-reductase, a cytosolic aldo-keto reductase 
(AKRID1), is a protein of approximately 38 kDa comprising 
326 amino acids.” It differs significantly in structure from 
the 50-reductase and has broad substrate specificity. Its crystal 
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structure,” and the effect of a number of point mutations on 
the substrate binding sites and enzyme activity, was recently 
reported.”””’ Although under normal conditions this enzyme does 
not appear to be of regulatory importance for bile acid synthesis, 
its activity parallels the activity of cholesterol 7a-hydroxylase, and 
therefore measurement of the plasma concentration of 70-hydroxy- 
4-cholesten-3-one (often referred to as C4, or sterol C4, see Fig. 
2-2) can be used as an indirect assessment of hepatic cholesterol 
7a-hydroxylase activity.’ The finding of elevated proportions 
of 3-oxo-A‘ bile acids in biologic fluids during early life” and 
in advanced cholestatic liver disease’ suggests that under patho- 
logic conditions it is this enzyme that becomes rate limiting for 
bile acid synthesis, rather than cholesterol 701-hydroxylase. Muta- 
tions in the gene encoding AKR1D1 are clinically manifest as 
progressive intrahepatic cholestasis and biochemically by the pro- 
duction of large amounts of C,4-3-oxo-A“bile acids and allo-bile 
aids 

The enzyme catalyzing the conversion of the 3-oxo-5B(H)- 
sterols to the corresponding 301-hydroxy-5B(H) intermediates is 
a soluble 30-hydroxysteroid dehydrogenase (AKR1C4).” This 
enzyme catalyzes the oxidoreduction of a number of substrates, 
and several cDNA clones with sequence similarity to other aldo- 
keto reductases have been described, which suggests the existence 
of multiple isozymes. This final step in modification of the steroid 
nucleus results in the formation of the key intermediates, 
5B-cholestane-30,70-diol and 5f-cholestane-30,701,120-triol 
(bile alcohols), which then undergo a sequence of reactions 
leading to side chain oxidation and consequent shortening by 
three carbon atoms (see Fig. 2-2). 

The initial step in side chain oxidation of the bile alcohols 
involves hydroxylation of the C-27 carbon atom,” a reaction that 
is catalyzed by a mitochondrial cytochrome P45) 27-hydroxylase 
(CYP27A1)° and leads to the formation of 5B-cholestane- 
30,70,120,,27-tetrol. It is now known that CYP27A1 is also 
responsible for the complete oxidation reaction, which yields 
directly 30,70,120-trihydroxy-5B-cholestanoic acid.” 5B- 
Cholestane-30,70,120,27-tetrol may also undergo oxidation by 
the combined actions of soluble or mitochondrial alcohol and 
aldehyde dehydrogenases, but the relative importance of these reac- 
tions compared with the complete 27-hydroxylase-catalyzed reac- 
tion is not known.°' cDNAs encoding the rat, rabbit, and human 
sterol 27-hydroxylase have been isolated. This enzyme is expressed 
in many extrahepatic tissues, and its function appears to be impor- 
tant in facilitating the removal of cellular cholesterol. It shows 
substrate specificity toward many sterols, including cholesterol and 
vitamin D, and is the same enzyme that catalyzes the formation of 
27-hydroxycholesterol, the first step in the acidic pathway. When 
the sterol 27-hydroxylase gene is disrupted in the mouse,” bile acid 
synthesis is markedly reduced; however, mutations in this gene 
that cause the rare lipid storage disease of cerebrotendinous xan- 
thomatosis (CTX) have only a modest effect on bile acid synthesis, 
partly because alternative pathways for bile acid synthesis support 
the production of compensatory levels of cholic acid.” 

Studies using radiolabeled precursors have shown that 5B- 
cholestane-30,70,120-triol can be first 25-hydroxylated in the 
microsomal fraction, then 24B-hydroxylated, and finally oxidized 
to cholic acid.'*” This pathway is specific for cholic acid because 
little or no hydroxylation of 5B-cholestane-30,701-diol has been 
demonstrated. Based on studies of patients with CTX, it was 
proposed that the C-25 hydroxylation pathway may be a major 
pathway for cholic acid synthesis in humans. The quantitative 
importance of this pathway was later reevaluated in vivo 


by measuring the production of ['4C]acetone after labeling the 
cholesterol pool with [26-'4C] cholesterol.” This approach showed 
that the C-25 hydroxylation pathway accounted for less than 5% 
of the total bile acids synthesized in healthy adults and less than 
2% in adult rats. Hydroxylation of cholesterol also occurs at the 
C-24 and C-25 positions in addition to the aforementioned cho- 
lesterol 27-hydroxylation to yield oxysterols, which are potent 
repressors of cholesterol synthesis. Cholesterol 24-hydroxylase 
(CYP46A1) is expressed in the brain to a greater extent than in 
the liver where it is considered to play a role in cholesterol secre- 
tion. In gene knockout mouse models of cholesterol 24- and 
25-hydroxylases, bile acid synthesis is unaffected.’ 

The cholestanoic acids are next converted to CoA esters by the 
action of a bile acid—CoA ligase (synthetase) of which two forms 
have been identified: one activates newly synthesized Czy choles- 
tanoic acids, and the other activates cholanoic acids formed as 
secondary bile acids returning to the liver for reconjugation.”” 
The product of this reaction is the formation of the CoA esters 
of (25R)-30,70-dihydroxy-cholestanoic and (25R)-30,70,120- 
trihydroxy-cholestanoic acids. The (25R)-diastereoisomers must 
be racemized to their (25S)-forms in order to penetrate the peroxi- 
some for subsequent oxidation. This reaction is catalyzed by a 
2-methylacyl coenzyme A racemase enzyme, the same enzyme 
that is also active on branched-chain fatty acids such as phytanic 
acids. A mutation in the gene encoding this enzyme leads to the 
accumulation of (25R)-cholestanoic acids and phytanic acids and 
presents with neurologic and liver disease." 

The final stage in modification of the side chain involves the 
B-oxidation of the cholestanoic acids, which occurs by a multiple- 
step reaction within peroxisomes.“ The sequence of these reac- 
tions is analogous to the B-oxidation of fatty acids. The CoA esters 
of the cholestanoic acid are acted on by a specific peroxisomal 
acyl-CoA oxidase (ACOX2). This reaction is rate limiting, and 
the enzyme has been partially purified from rat liver and found 
to differ from the analogous acyl-CoA oxidase (ACOX1) utilizing 
fatty acids as substrates.” The situation in humans is somewhat 
different in that a single peroxisomal oxidase acts on both 
branched-chain fatty acids and bile acid intermediates.” Forma- 
tion of a C-24 hydroxylated derivative occurs by the action of a 
bifunctional enoyl-CoA hydratase/B-hydroxyacyl-CoA dehydro- 
genase, a reaction that goes through a A*-intermediate. Photoaf- 
finity labeling experiments have shown that this enzyme is the 
same one that is involved in the peroxisomal B-oxidation of fatty 
acids. The dehydrogenase activity of the bifunctional enzyme 
yields a 24-oxo derivative that, following thiolytic cleavage by 
peroxisomal thiolase 2, releases three carbon atoms in the form of 
propionic acid.” This results in the formation of the C,, bile acid 
CoA end product. With the exception of the acyl-CoA oxidase, 
defects in any of the other enzymes responsible for the B-oxidation 
of very-long-chain fatty acids (VLCFAs) exhibit abnormalities in 
primary bile acid biosynthesis.° 

Some mention of allo (5a-reduced)-bile acids is warranted 
even though under physiologic conditions they account for a rela- 
tively small proportion of the total bile acids in human biologic 
fluids. These are major bile acid species of many lower verte- 
brates.” In humans, 50-reduced bile acids are usually formed by 
the action of intestinal microflora on 3-oxo-5B-bile acids during 
their enterohepatic circulation and consequently are found in 
significant amounts in feces.'* In rodents, these 50-reduced bile 
acids can be formed in the liver from 50-cholestanol.” This 
pathway begins with 7o-hydroxylation of 50-cholestanol and 
the product is then converted to 50-cholestane-30, 70-diol 
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via the intermediate 7o-hydroxy-50-cholestan-3-one. Hepatic 
12a-hydroxylation of 50-sterols is very efficient in the rat and 
readily leads to formation of allo-cholic acid.”””” A further pathway 
for allo-bile acid formation involves the hepatic 50-reduction 
of 7o-hydroxy- and 70,120-dihydroxy-3-oxo-4-cholen-24-oic 
acids, a reaction catalyzed by a A‘-3-oxosteroid 50-reductase, and 
the finding of large proportions of allo-bile acids in infants with 
severe cholestatic liver disease due to a AKR1D1 deficiency indi- 
cates these to be primary bile acids of hepatic origin in humans.” 
Both 5c-reductase isozymes are expressed in the liver beginning 
from birth.” 

A striking feature of bile acid synthesis and metabolism during 
early life is the relatively large proportion of polyhydroxylated, 
unsaturated, and oxo-bile acids that are synthesized and not typi- 
cally found in the biologic fluids of healthy adults.” Although 
frequently referred to as atypical, this moniker is a misnomer 
because they are in fact very typical of the developmental phase 
of hepatic metabolism. Interestingly, the qualitative and quantita- 
tive bile acid composition of biologic fluids in early life closely 
resembles that of adults with severe cholestatic liver disease, sug- 
gesting that in the diseased liver there is a reversion to more 
primitive pathways of synthesis and metabolism.“ The most 
notable distinction in ontogeny is the prevalence of cytochrome 
P450 hydroxylation pathways” that rapidly decline in importance 
over the first year of life. The most important hydroxylation reac- 
tions are 1B-, 4B-, and 6a-hydroxylation that are of hepatic 
origin.*’*’ The concentrations of several of the metabolites, in 
particular hyocholic (30t,601,70-trihydroxy-5B-cholanoic) and 
30,4B,70-trihydroxy-5B-cholanoic acids, exceed that of cholic 
acid in fetal bile.“ The role of these hydroxylation pathways is 
uncertain, but additional hydroxylation of the bile acid nucleus 
will increase the polarity of the bile acid and facilitate its renal 
clearance, while also decreasing its membrane-damaging poten- 
tial. In early life, and particularly in the fetus, an immaturity in 
canalicular and ileal bile acid transport processes leads to a slug- 
gish enterohepatic circulation’! and hydroxylation serves as a 
hepatoprotective mechanism. 


Bile Acid Conjugation 


Irrespective of the pathway by which cholic and chenodeoxycholic 
acids are synthesized, the CoA thioesters of these primary bile 
acids are ultimately conjugated to the amino acids glycine and 
taurine.** This two-step reaction is catalyzed by a rate-limiting bile 
acid-CoA ligase enzyme**® followed by a bile acid CoA:amino 
acid N-acyltransferase (EC 2.3.1.65).°°*” The genes encoding 
both enzymes, SLC27A5 and BAAT, were cloned decades ago.***” 
The conjugation reaction was originally believed to take place in 
the cytosol, but the highest activity of conjugating enzymes was 
later found to be in peroxisomes.”””' 

Genetic defects in the bile acid amidation have been associated 
with fat-soluble vitamin malabsorption states with variable degrees 
of liver disease.” ” Recently, we identified and treated five patients 
(one male, four females) from four families with defective bile 
acid amidation caused by a genetically confirmed deficiency in 
BAAT with the conjugated bile acid, glycocholic acid.” The bile 
acid CoA:amino acid N-acyltransferase enzyme utilizes glycine, 
taurine, and interestingly B-fluoroalanine, but not alanine, as 
substrates.*° It will also conjugate VLCFAs to glycine. The speci- 
ficity of the enzyme has been examined in detail and found to be 
influenced by the length of the side chain of the bile acid; bile 


acids having a four-carbon-atom side chain, that is, nor(C5)—bile 


acids” and homo(C,;)-bile acids, are both poor substrates for 
amidation.*””””* In contrast, cholestanoic (C7) acids are predomi- 
nantly taurine conjugated. Significant species differences in sub- 
strate specificity are observed and should be considered when 
working with animal models. The human bile acid-CoA:amino 
acid N-acyltransferase conjugates cholic acid with both glycine 
and taurine; whereas the mouse enzyme shows selectivity only 
toward taurine. This is consistent with the mouse being an obli- 
gate taurine conjugator of bile acids, as is the rat and the dog. In 
humans, the final products of this complex multistep pathway are 
the two conjugated primary bile acids of cholic and chenodeoxy- 
cholic acids (see Fig. 2-2), and these are then secreted in canalicu- 
lar bile and stored in gallbladder bile. In humans, glycine 
conjugation predominates with a ratio of glycine to taurine con- 
jugates of 3.1:1 for normal adults.“ In early human life, more 
than 80% of the bile acids in bile are taurine conjugated due to 
the abundance of hepatic stores of taurine.“° 

Although the principal bile acids of humans and most mam- 
malian species are amidated, other conjugates occur naturally 
and these include sulfates,” glucuronide ethers and esters,'°”'”! 
glucosides,'°* N-acetylglucosaminides,'°’ and conjugates of some 
drugs. '™ These conjugates account for a relatively large proportion 
of the total urinary bile acids. Conjugation significantly alters the 
physicochemical characteristics of the bile acid,”*'” and it serves 
an important function by increasing the polarity of the molecule, 
thereby facilitating its renal excretion, and by minimizing the 
membrane-damaging potential of the more hydrophobic uncon- 
jugated species.'”° Under physiologic conditions, these alternative 
conjugation pathways are quantitatively less important. However, 
in cholestatic liver disease, or when the liver is subjected to a bile 
acid load, as in ursodeoxycholic acid (UDCA) therapy, the con- 
centrations of these conjugates in biologic fluids may change. 
Detailed knowledge of these metabolic pathways is limited, but 
it is evident that there is significant localization of bile acid- 
conjugating enzymes in the kidneys.'”” 

Sulfation of bile acids, most commonly at the C-3 position but 
also at C-7, is catalyzed by a bile acid sulfotransferase,'**'”” an 
enzyme that in the rat, not in the human, exhibits sex-dependent 
differences in activity. Although much has been written about the 
potential importance of sulfation in early life, it is evident from 
the finding of a relatively small proportion of bile acid sulfates in 
fetal bile that hepatic sulfation is negligible in the fetus and 
neonate.“ Indeed, it is most probable that urinary bile acid sul- 
fates originate mainly by renal sulfation’; 60% to 80% of urinary 
bile acids are sulfated and their excretion increases in cholestasis. 
Only traces of bile acid sulfates are found in bile despite efficient 
canalicular transport of perfused bile acid sulfates. 

A number of glucuronosyltransferases catalyze the formation 
of glucuronide ethers and esters.'°”'®' The enzymes show substrate 
selectivity in that bile acids possessing a 60-hydroxyl group are 
preferentially conjugated at the C-6 position forming 6-O-ether 
glucuronides," whereas short-chain bile acids form mainly gluc- 
uronides.'"” Purification of the hyodeoxycholic acid-specific 
human UDP-glucuronosyltransferase and subsequent cloning of 
a cDNA?” indicate that this enzyme is highly specific toward 
hyodeoxycholic (301,60-dihydroxy-5B-cholanoic) acid; no glu- 
curonidation of hyocholic (30,60,70-trihydroxy-5B-cholanoic) 
acid could be detected. It is probable that there is a family of 
isozymes that catalyze the glucuronidation of different bile acids. 

Glucosides and N-acetylglucosaminides of nonamidated and 
amidated bile acids have been identified in normal human urine''! 
with quantitative excretion comparable to that of glucuronide 
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conjugates.''* A microsomal glucosyltransferase has been isolated 
and purified from human liver’? but is also present in extrahe- 
patic tissues. The enzyme responsible for N-acetylglucosaminide 
formation exhibits remarkable substrate specificity in that it 
preferentially catalyzes the conjugation of bile acids having a 
7B-hydroxyl group and consequently these conjugates account for 
more than 20% of the urinary metabolites of patients adminis- 
tered ursodeoxycholic acid." Finally, the full extent to which 
drugs may compete for the conjugating enzymes is not known, 
although bile acid conjugates of 5-fluorouracil have been identi- 
fied. The 2-fluoro-B-alanine conjugate of cholic acid was found 
to be a major metabolite in bile following administration of this 
therapeutic agent.” 


Formation of Secondary Bile Acids 


Intestinal microflora play an important role in bile acid synthesis 
and metabolism. Bacterial enzymes metabolize primary bile acids, 
altering significantly their physicochemical characteristics and 
influencing their physiologic actions during enterohepatic recy- 
cling. The result is the formation of a spectrum of secondary bile 
acids that are mainly excreted in feces”? (Fig. 2-3). Deconjugation 
of conjugated bile acids, followed by 70-dehydroxylation, are 
quantitatively the most important reactions, but bacterial oxido- 
reduction and epimerization at various positions of the bile acid 
nucleus also take place along the intestinal tract.''’ This is evident 
from bile acid profiles along the entire length of the human intes- 
tine obtained at autopsy that show relatively high proportions of 
secondary bile acids in the proximal jejunum, mid-small bowel, 
ileum, and cecum.'!*''® The enzymes that catalyze these reactions 
are found in a variety of organisms, such as Bacteroides, Clostridia, 
Bifidobacteria, Escherichia coli, and some of these reactions occur 
in the proximal small intestine.''”''* Deconjugation precedes 
7a-dehydroxylation, and the bacterial peptidases responsible for 
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this reaction exhibit remarkable substrate specificity in that the 
length of the side chain is a crucial factor influencing this reaction. 
The enzyme kinetics, factors influencing the reactions, and molec- 
ular biology of a number of the bacterial enzymes have been 
extensively studied by Stellwag et al''®* and Coleman et al.''® 
70-Dehydroxylation of cholic and chenodeoxycholic acids, a reac- 
tion that proceeds via a 3-oxo-A* intermediate, results in the 
formation of deoxycholic and lithocholic acids, respectively, and 
these secondary bile acids make up the largest proportion of total 
fecal bile acids. Lithocholic and deoxycholic acids are relatively 
insoluble and consequently poorly absorbed. However, both bile 
acids are returned to the liver to regulate bile acid synthesis. It 
should be noted that in rats, deoxycholic acid is very efficiently 
70.-hydroxylated in the liver and converted back to cholic acid, 
but this reaction does not take place in humans. Serum concentra- 
tions of deoxycholic acid therefore provide a useful means of 
assessing the extent of impairment of the enterohepatic circulation 
in cholestatic liver diseases.''? Recent interest in gut dysbiosis with 
respect to gastrointestinal and systemic disease has further linked 
the dysmetabolism of bile acids to changes in the so-called 
gut-microbiome.'*”'*! 


Regulation of Bile Acid Synthesis 


The major factor influencing bile acid synthesis is negative 
feedback by bile acids returning to the liver via the portal vein 
during their enterohepatic recycling. There are marked differences 
in the ability of different bile acids to regulate cholesterol 
70-hydroxylase.'*” For example, whereas the primary bile acids 
cholic and chenodeoxycholic acids down-regulate synthesis, bile 
acids possessing a 7B-hydroxy group, such as ursodeoxycholic 
acid, do not, and the latter may actually increase synthesis rates. 
This observation has relevance to the treatment of inborn errors 
of bile acid synthesis. Interruption of the enterohepatic circulation 
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by biliary diversion’”’ or the feeding of anion exchange resins that 
bind bile acids in the intestinal lumen’ results in an up-regulation 
of cholesterol 7o-hydroxylase activity. In general, factors that 
influence cholesterol 70-hydroxylase activity cause concomitant 
changes in the activity of HMG-CoA reductase, the rate-limiting 
enzyme for cholesterol synthesis, and this serves to regulate cho- 
lesterol synthesis and maintain a constant cholesterol pool size. 
Interestingly, cholesterol 7o-hydroxylase exhibits a diurnal rhythm 
that is synchronous with the activity of HMG-CoA reductase and 
is reflected by diurnal changes in bile acid synthesis rates.” A 
significant nocturnal rise in bile acid synthesis takes place that 
may be regulated by glucocorticoids because this regulation can 
be abolished by adrenalectomy or hypophysectomy. 

The mechanism involved in regulating cholesterol 70- 
hydroxylase activity and therefore bile acid synthesis is complex 
and mediated through an ever-increasing discovery of nuclear 
receptors and transcription factors that have specificity for bile 
acids and oxysterols.'”"'"*'** Bile acids have been shown to enter 
the nucleus of the hepatocyte, and nuclear concentrations increase 
with bile acid feeding.” These nuclear receptors include the 
farnesoid X receptor (FXR, NHR1H4), short heterodimer partner 
(SHR, NROB2), liver receptor homolog-1 (LRH-1, NR5A2), 
hepatocyte nuclear factor 40 (HNF-4q), liver X receptor O 
(LXRa, NR1H3), pregnane X receptor (PXR, NR112), constitu- 
tive androgen receptor (CAR, NR13), and fibroblast growth 
factor-19 (FGF19) and its receptor FGFR4,'” and the G protein— 
coupled receptor TGRS.'*' Much has been learned about the 
regulation of cholesterol and bile acid synthesis from gene knock- 
out models of these nuclear receptors. For instance we now under- 
stand that a novel enterocyte protein, Dietl, is a regulator of 
FGF19 production at the posttranscriptional level. The Dietl and 
Fgf15 (the mouse homologue of FGF19) appear to have overlap- 
ping subcellular localization in murine enterocytes. Diet1-deficient 
mice constitutively convert cholesterol to bile acids and are resis- 
tant to diet-induced hypercholesterolemia and atherosclerosis. 
Thus, Dietl appears to be a control point for the production of 
FGF15/19 in enterocytes and a key regulator of bile acid and lipid 
homeostasis.” New bile acid molecules have been recently syn- 
thesized as specific agonists for these receptors in order to devise 
ways of regulating cholesterol homeostasis and glucose metabo- 
lism, and these are now in clinical trials.’ In addition to influenc- 
ing the transcriptional regulation of cholesterol 70-hydroxylase in 
the liver, these receptors also induce transcription of IBABP, the 
ileal bile acid binding protein that is involved in the ileal uptake 
and conservation of the bile acid pool. 


Defects in Bile Acid Synthesis Causing 
Metabolic Liver Disease and Syndromes 
of Fat-Soluble Vitamin Malabsorption 


Defects in bile acid synthesis have profound effects on hepatic and 
gastrointestinal function and on cholesterol homeostasis, espe- 
cially when the cause is a genetic mutation encoding the enzymes 
responsible for primary bile acid synthesis. Such defects lead to 
an overproduction of hepatotoxic atypical bile acids that are syn- 
thesized from intermediates accumulating in the pathway proxi- 
mal to the inactive enzyme and a progressive cholestasis exacerbated 
by the lack of primary bile acids that are critical for promoting 
bile flow. Marked alterations in urinary, serum, and biliary bile 
acids are found in all infants and children with liver disease, and 


it can be difficult to determine whether such changes are primary 
or secondary to the liver dysfunction. The first bile acid synthetic 
defect causing liver disease was discovered as a result of applying 
the liquid secondary ionization mass spectrometry (LSIMS) tech- 
nique of fast atom bombardment ionization mass spectrometry 
(FAB-MS).'* This permitted the direct analysis of bile acids from 
a small drop of urine. Whereas FAB-MS is still a definitive tech- 
nique for diagnosing bile acid synthetic defects, newer mass spec- 
trometric approaches have since been used, including electrospray 
ionization tandem mass spectrometry”! and gene sequencing 
techniques. However, mass spectrometry continues to offer the 
fastest and most accurate method of screening for these disorders 
because the mass spectra generated permit accurate identification 
of the lack of primary bile acids and presence of atypical bile acids 
specific to each defect.'*’ To date, nine defects in bile acid synthe- 
sis have been described’ (see Fig. 2-2), and all have a highly vari- 
able phenotypic expression of familial and progressive infantile or 
late-onset cholestasis, of syndromes of fat-soluble vitamin malab- 
sorption, and of variable degrees of neurologic involvement (Fig. 
2-4). An international screening program at Cincinnati Children’s 
Hospital Medical Center found bile acid synthesis defects to 
account for 2% of 13,500 screened cases of idiopathic cholestatic 
liver disease in infants and children. Broadly, these defects can be 
categorized as deficiencies in the activity of enzymes responsible 
for catalyzing reactions to the steroid nucleus or to the side chain. 


Defects Involving Reactions 
to the Steroid Nucleus 


Three defects involving enzyme-catalyzing reactions that modify 
the ring structure of the steroid nucleus have been identified. 
Two reports of a 120-hydroxylase (CYP8B1) defect have been 
proposed, but neither has been definitively confirmed.'” The clin- 
ical presentations of the 3B-hydroxy-A’-C,,-steroid oxidoreduc- 
tase (HSD3B7), A*-3-oxosteroid 5B-reductase (AKRID1), and 


‘See references 29, 57, 66, 72, 93, 95, 137, 138. 
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e Fig. 2-4 The relative distribution of the different bile acid synthesis 
disorders identified in urine samples from 13,500 patients with unex- 
plained liver disease screened at Cincinnati Children’s Hospital Medical 
Center between 1987 and 2015. 
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oxysterol 70-hydroxylase (CYP7B1) deficiencies are of progres- 
sive cholestatic liver disease. Typical biochemical abnormalities 
include elevations in serum liver enzymes, conjugated hyperbili- 
rubinemia, and evidence of fat-soluble vitamin malabsorption. 
A normal y-glutamyltranspeptidase (GGT) is highly associated 
with, although not an exclusive feature of, all of the bile acid 
synthetic defects. Serum cholesterol concentrations are generally 
normal. The early clinical history of these patients often shows 
fat-soluble vitamin malabsorption, and in some cases rickets pre- 
cedes any evidence of liver dysfunction.“ These abnormalities 
are usually responsive to oral vitamin supplementation, but these 
patients eventually present later in life with hepatosplenomegaly 
and elevated serum liver enzymes. The 3B-hydroxy-A’-C,,-steroid 
oxidoreductase deficiency is the most common of the bile acid 
synthetic defects, frequently accounting for cases of late-onset 
chronic cholestasis (Fig. 2-5). 


Cholesterol 7a-Hydroxylase Deficiency 

Although not presenting as cholestatic liver disease, a deficiency 
in CYP7A1 was found to be responsible for hypertriglyceridemia 
and gallstone disease in three related adults. This finding 
followed a screening of the CYP7A1 gene for mutations in 
patients presenting with elevated low-density lipoprotein (LDL)- 
cholesterol who were resistant to HMG-CoA reductase inhibitors. 
A 2-bp deletion (1302-1303delTT) was observed in exon 6 of 
the gene, resulting in a frameshift mutation and causing a 
Leu—Arg substitution that, when transfected into HEK 293 cells, 
led to an inactive protein product. All three patients were homo- 
zygous for this mutation and had serum cholesterol concentra- 
tions greater than 300 mg/dL, LDL-cholesterol greater than 
180 mg/dL, and elevated triglycerides.'** The heterozygous rela- 
tives of the two patients described also had elevated cholesterol 
levels. There was no evidence for cholestasis, fibrosis, or inflam- 
mation, but fatty changes in the liver were reported following 
biopsy. Fecal bile acid analysis revealed markedly reduced total 
bile acid output (6% of normal) and a high [chenodeoxycholic + 
lithocholic]/[cholic + deoxycholic] acid ratio, consistent with 
preferential synthesis of chenodeoxycholic acid via the acidic 
pathway for bile acid synthesis. This clinical phenotype differs 
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e Fig. 2-5 The broad spectrum of overlapping clinical features of patients 
with bile acid synthesis disorders. 


from that of the CYP7AI—/— mouse knockout model, which has 
normal cholesterol levels.” 


Oxysterol 7a-Hydroxylase Deficiency 


The discovery of a genetic defect in CYP7B1” emphasizes the 
quantitative importance of the acidic pathway for bile acid syn- 
thesis in early life. Unlike the mouse, where this enzyme appears 
to be developmentally regulated,” or the rat, where it is induced 
when there is suppression in CYP7A1 activity,” it appears that in 
the neonatal period of humans CYP7B1 may be more important 
than CYP7A1 for bile acid synthesis. This genetic defect presents 
as severe progressive cholestatic liver disease. It was first described 
in a 10-week-old boy of parents who were first cousins” and 
has more recently been identified in three patients in early 
inne A 

The index patient had severe cholestasis, cirrhosis, and liver 
synthetic failure from early infancy. He had progressive jaundice 
by 8 weeks of age, hepatosplenomegaly, and markedly elevated 
serum transaminases, but normal serum GGT. The liver biopsy 
revealed cholestasis, bridging fibrosis, extensive giant-cell transfor- 
mation, and bile duct proliferation. A similar clinical picture 
and liver histology were reported for a 5-month-old Taiwanese 
infant” and a 6-month-old Japanese infant.” Oral UDCA therapy 
proved ineffective or led to deterioration in liver function tests 
in these patients. Oral cholic acid therapy was also ineffective in 
the index case, and that patient underwent orthotopic liver trans- 
plantation at 4/4 months of age but died 3 weeks later from 
disseminated Epstein-Barr virus—related lymphoproliferative 
disease. The Taiwanese infant died at 11 months of age before 
transplantation could be performed, but the Japanese infant 
underwent living donor transplantation with a graft from the 
mother who had a compound heterozygous mutation (R112X/ 
R417C) in the CYP7BI gene and was reportedly still alive 
2 years after transplantation. These examples highlight the severity 
of this bile acid synthetic defect. It is possible that this cause of 
idiopathic liver disease may go unrecognized due to its rapid 
downhill course in the early months of life. The therapeutic strat- 
egy for patients with this defect should in the future target down- 
regulation of sterol 27-hydroxylase. Recently an infant with 
CYP7B1 deficiency was reported to have worsened when given 
UDCA, consistent with previous findings, but showed clinical 
improvement when treated with oral chenodeoxycholic acid 
(CDCA) (10 to 15 mg/kg of body weight/day).'"' 

All these cases were diagnosed by mass spectrometry. FAB-MS 
analysis of the urine from the index case revealed an absence of 
primary bile acids and in their place large concentrations of unsat- 
urated monohydroxy-C,, bile acids as sulfate and glycosulfate 
conjugates.” Gas chromatography-mass spectrometry (GC-MS) 
confirmed that these atypical bile acids were the unsaturated 
monohydroxy-bileacids, 3B-hydroxy-5-cholenoicand 3B-hydroxy- 
5-cholestenoic acids, which accounted for 97% and 86%, respec- 
tively, of the total serum and urinary bile acids. Additionally, 
27-hydroxycholesterol concentrations in serum and urine were 
greater than 4500 times normal and no 70-hydroxylated sterols 
were detected.” Similar GC-MS profiles were reported for the 
two Asian infants. The formation of 3B-hydroxy-5-cholenoic and 
3B-hydroxy-5-cholestenoic acids occurs exclusively via the acidic 
pathway, and the mass spectrometry findings definitively establish 
a CYP7B1 deficiency while illustrating how important the acidic 
pathway is for bile acid synthesis in early life. Monohydroxy-bile 
acids with the 3B-hydroxy-A’ structure and oxysterols are good 
ligands for FXR, which would suppress CYP7A1 preventing bile 
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acids being synthesized by the classic pathway. In the original case, 
molecular studies of the liver tissue confirmed the CYP7AJ gene 
to be normal but there was no measurable enzyme activity or 
mRNA.” Furthermore, these unsaturated bile acids are extremely 
cholestatic'*? and the hepatotoxicity in these patients would be 
exacerbated by the lack of primary bile acids necessary to maintain 
bile flow. Oxysterol 7o-hydroxylase is essential for protecting the 
liver from hepatotoxic and cholestatic 3B-hydroxy-A’ monohy- 
droxy bile acids that otherwise would accumulate in the acidic 
pathway (see Fig. 2-2). 

Molecular studies on liver tissue from the first patient showed 
no CYP7B1 activity or mRNA, and gene sequencing revealed a 
C to T transition mutation at position 388 in exon 5, providing 
unambiguous confirmation of the genetic defect in the oxysterol 
70t-hydroxylase.” This patient was homozygous for this nonsense 
mutation, whereas both parents were heterozygous. When human 
embryonic 293 or Chinese hamster ovary cells were transfected 
with cDNA having the R388* mutation, there was no detectable 
CYP7B1 activity, and immunoblot analysis confirmed that the 
mutated gene encoded a truncated protein unable to catalyze 
70-hydroxylation.” In the Taiwanese infant a single substitution 
of C to T at position 538 of exon 3 of the CYP7BI/ gene that 
caused an amino acid transition from arginine to a stop codon at 
position 112 (R112->Stop) was identified,” whereas the Japanese 
infant had a compound heterozygous mutation (R112X/R417C) 
in exons 3 and 6 of the CYP7B1 gene.” All patients were homo- 
zygous for their respective mutations and the parents were 
heterozygous. 
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3B-Hydroxy-A’ C,,-Steroid Oxidoreductase Deficiency 


This is the most common of the bile acid disorders and 
involves the second step in pathway—the conversion of 
7a-hydroxycholesterol into 70-hydroxy-4-cholesten-3-one, a 
reaction catalyzed by a microsomal 3B-hydroxy-A’-C,,-steroid 
oxidoreductase.” A deficiency of this sterol-specific enzyme!” 
results in the accumulation of 70-hydroxycholesterol within the 
hepatocyte. The other enzymes involved in bile acid synthesis 
catalyze the remaining transformations, including side chain oxi- 
dation so that in place of the normal primary bile acids, C,,-bile 
acids are synthesized retaining the 3B-hydroxy-A’- structure char- 
acteristic of the substrate for the enzyme (Fig. 2-6). This defect 
was first described in a Saudi Arabian patient, the third infant of 
five to be affected by progressive idiopathic neonatal cholestasis; 
the two previous infants had died following a similar clinical 
history and were products of a consanguineous marriage.” All of 
the affected infants had progressive jaundice, elevated transami- 
nases, and conjugated hyperbilirubinemia, and this generalized 
clinical presentation is common to all cases thus far recognized. “$ 
Upon clinical examination, patients with a 3B-hydroxy-A’-C,,- 
steroid oxidoreductase deficiency usually present with hepato- 
megaly, fat-soluble vitamin malabsorption, and mild steatorrhea. 
Pruritus is usually not a symptom. This inborn error is highly 
associated with elevated serum bilirubin and transaminases and a 
normal GGT concentration and this biochemical presentation is 
a useful clinical marker for a suspected defect. Furthermore, serum 
bile acid concentrations, if measured by enzymatic or immuno- 
assay methods, can be expected to be normal and seemingly 
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e Fig. 2-6 The metabolic pathway for primary bile acid synthesis from cholesterol depicting the biochemi- 
cal presentation of a deficiency in 3B-hydroxy-A°-C27-steroid oxidoreductase (HSD3B7), which presents 


in patients as early- or late-onset chronic cholestasis. 


CHAPTER 2 Bile Acids and Bile Flow: New Functions of Old Molecules 


incompatible with the extent of cholestasis. Therefore, inclusion 
of serum bile acid determination in the clinical evaluation may 
provide a further clue to this defect. Histologic examination of 
these patients’ livers shows hepatitis with the presence of giant 
cells and is consistent with cholestasis as evidenced by canalicular 
plugs, bile stasis, and inflammatory changes, "77144146149 

As with most of the inborn errors involving the reactions 
responsible for nuclear modification, the 3B-hydroxy-A’-C,,- 
steroid oxidoreductase deficiency is progressive and familial in 
nature and is fatal if untreated. Age at onset and diagnosis is vari- 
able, ranging from 3 months to the adult years. Recently it was 
diagnosed in a 24-year-old woman with cirrhosis of unknown 
etiology; remarkably, her sister and a first cousin had died of cir- 
rhosis at ages 19 and 6 years, respectively, and another 32-year-old 
first cousin was also affected.” Homozygosity mapping was used 
to identify a mutation in the HSD3B7 gene, which established 
the diagnosis of a 3B-hydroxy-A’-C,,-steroid oxidoreductase defi- 
ciency as the cause of liver failure. This was subsequently con- 
firmed by FAB-MS analysis of the serum from the living 
32-year-old and deceased 24-year-old family members.'” These 
cases indicate that a bile acid synthetic defect should be considered 
in cases of late-onset chronic cholestasis. 

Diagnosis of the 3B-hydroxy-A’-C,,-steroid oxidoreductase 
deficiency can be definitively established by FAB-MS or electro- 
spray ionization mass spectrometry (EMI-MS) analysis of the 
urine,'**'°° which reveals an absence of the normal glycine- and 
taurine-conjugated primary bile acids and, instead, the presence 
of the sulfate and glyco-sulfate conjugates 3B,70-dihydroxy- and 
3B,70,120-trihydroxy-5-cholenoic acids (see Fig. 2-6). These 
atypical bile acids are recognized by their respective negative ions 
of m/z 469, 485, 526, and 542.'* Some differences are observed 
between FAB-MS and ESI-MS mass spectra as evident from a 
report of a 26-year-old patient with a genetically confirmed muta- 
tion in the HSD3B7 gene that showed in the urine a single domi- 
nant ion at m/z 462 by ESI-MS and an absence of the ions at m/z 
469, 485, 526, and 542 typically observed with FAB-MS." 
When the same urine sample was later analyzed by FAB-MS, this 
ion was of minor intensity and the characteristic ions at m/z 469, 
485, 526, and 542 served to identify this defect (K. Setchell, 
unpublished observations). Such difference in ionization between 
these mass spectrometric techniques requires consideration to 
avoid misdiagnosis. Tetrahydroxy- and pentahydroxy-bile alcohols 
with a 3B,701-dihydroxy-A’ and 38,70, 120-trihydroxy-A’ nucleus 
are also found in greatly increased amounts in urine, plasma, and 
bile." These bile alcohols are mainly sulfated, in contrast to the 
glucuronide conjugates of saturated bile alcohols observed in 
CTX.'**' Although primary bile acids are not detectable in the 
urine, the bile may contain small proportions of cholic acid result- 
ing from intestinal bacterial metabolism of the 3B-hydroxy-A’ bile 
acids during enterohepatic recycling. It is possible that this may 
facilitate bile secretion and explain the delay in onset of cholestasis 
and longer survival of these patients. 

3B-Hydroxy-A’-C,,-steroid oxidoreductase is expressed in 
fibroblasts, which means its activity can be measured in cultured 
fibroblasts using 70-hydroxy-cholesterol as substrate. In contrast 
to healthy control subjects, patients with this defect have no 
detectable enzyme activity in fibroblasts**'*° and the parents have 
a low but measurable activity consistent with a heterozygous 
phenotype. Sequencing of the HSD3B7 gene localized to chromo- 
some 16p11.2-12 has failed to find a common mutation for this 
disorder. In 16 patients, 12 different mutations were identified, 
including point mutations, small insertions, and deletions,” 


illustrating the diverse nature of the genetics. In an earlier report, 
a 2-bp deletion in exon 6 accounted for the inactivity of this 
enzyme in the index case with this bile acid defect.*' In four cases, 
mutations were compound heterozygous, but most were inherited 
in homozygous form. When several of the identified mutations 
were expressed in HEK 293 cells, impaired synthesis of the 
normal protein could be demonstrated and this lacked enzyme 
activity.” 

The mechanism of liver injury is considered to be by the accu- 
mulation of atypical bile acids concomitant with a lack of primary 
bile acids. In animal models, 3B-hydroxy-5-cholenoic acid pro- 
duces cholestasis,'“* but this is not the case for 3B,70-dihydroxy- 
5-cholenoic acid, which is rapidly metabolized to chenodeoxycholic 
acid in animals. This conversion does not occur in patients lacking 
the 3B-hydroxy-A’-C,,-steroid oxidoreductase enzyme. Studies 
using rat liver canalicular membrane vesicles have shown tauro- 
3B,70-dihydroxy-5-cholenoic acid to be markedly cholestatic.'” 

Oral administration of the primary bile acid, cholic acid 
(5-15 mg/kg of body weight/day), is now the therapeutic approach 
for these patients and is expected to resolve the biochemical and 
histologic abnormalities and to improve growth.'**'“° Chenode- 
oxycholic acid has also been effective, 414515155 but this bile acid 
is more cathartic and may cause loose stools or even diarrhea in 
young infants. In some cases patients have been maintained tem- 
porarily on UDCA,'**'“° which is choleretic but does not inhibit 
bile acid synthesis, or a combination of UDCA and chenodeoxy- 
cholic acid.'”? Cholic acid, which was recently approved by the 
U.S. Food and Drug Administration (FDA) for the treatment of 
bile acid synthesis disorders, is a ligand for FXR, which down- 
regulates hepatic CYP7A1 activity to limit production of hepato- 
toxic 3B-hydroxy-A’ bile acids, while additionally providing the 
stimulus for bile flow. Concomitant with the disappearance of 
3B-hydroxy-A’ bile acids after initiating therapy, remarkable clini- 
cal and biochemical improvements occur with a normalization of 
liver function tests and resolution of jaundice in virtually all cases 
treated.'**'“’ Furthermore, oral primary bile acid therapy in these 
patients avoids the need for liver transplantation, which is the only 
alternative therapy. 


A‘-3-Oxosteroid 5B-Reductase (AKR1D1) Deficiency 


A deficiency of the cytosolic A*-3-oxosteroid 5B-reductase enzyme 
responsible for the catalytic conversion of 7o-hydroxy- and 
70,120-dihydroxy-4-cholesten-3-one into the corresponding 
3-oxo-5B(H) analogs was first described in monochorionic twins 
born with marked and progressive cholestasis” (Fig. 2-7). A previ- 
ous sibling born with neonatal hepatitis had died of liver failure 
following a similar clinical course. Liver function tests revealed an 
elevation in serum transaminases, marked hyperbilirubinemia, 
and coagulopathy. Unlike the 3B-hydroxy-A’-C,7-steroid oxido- 
reductase deficiency, serum GGT concentrations are generally 
elevated. Liver biopsies showed marked lobular disarray as a result 
of giant-cell and pseudoacinar transformation of hepatocytes, 
hepatocellular and canalicular bile stasis, and extrahepatic medul- 
lary hematopoiesis. Electron micrographs showed small bile cana- 
liculi that were slitlike in appearance, lacking the usual microvilli 
and containing variable amounts of electron-dense mate- 
rial.?7'*'° An AKRIDI deficiency was identified in both 
twins by urinary FAB-MS analysis, which indicated an elevated 
bile acid excretion and a predominance of bile acid conjugates 
with molecular weights consistent with unsaturated oxo-hydroxy- 
and oxo-dihydroxy-cholenoic acids. That these were 3-oxo-70- 
hydroxy-4-cholenoic and 3-oxo-701,120-dihydroxy-4-cholenoic 
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acids was confirmed after extraction, hydrolysis, and derivatiza- 
tion of bile acids and GC-MS analysis.” Small proportions of 
allo(5a-H) isomers of cholic and chenodeoxycholic acids were 
also present and there was a lack of primary bile acids. These 
atypical bile acids accounted for up to 90% of the total urinary 
bile acids. There was a high concentration of allo-chenodeoxycholic, 
allo-cholic, and A*-3-oxo bile acids in serum. Only traces (<2 UM) 
of bile acids were detected in bile. Studies using rat canalicular 
membrane vesicles show that A‘-3-oxo bile acids are poor sub- 
strates for the canalicular bile acid transporters,” presumably 
because of their poor solubility or low affinity for canalicular 
transporters. The presence of appreciable levels of allo-bile acids, 
normally minor metabolites, is explained by the accumulated 
substrates exceeding the Km and Vma for the hepatic steroid 
5a-reductase in the absence of AKR1D1 activity. Interestingly, 
steroid hormone studies of one patient with a 662C>T missense 
mutation in AKR1D1 deficiency found an almost total absence 
of 5B-reduced steroid hormone metabolites and a dominance of 
5a-reduced metabolites, yet the patient had no obvious endocrine 
abnormalities.” 

A*-3-Oxosteroid 5B-reductase is not expressed in fibroblasts, 
but further evidence for a primary enzyme defect was established 
by immunoblot analysis of the cytosolic fraction from the liver 
using a monoclonal antibody raised against the rat AKR1D1. This 
monoclonal antibody recognized the 38KDa protein in the liver 
from patients with liver disease from other causes, but not from 
the patients with AKR1D1 deficiency. The cDNA for human 
A‘-3-oxosteroid 5B-reductase gene (SRD5B, AKRIDI) was 
reported,” and studies of three patients with high levels of A*-3- 
oxo bile acids in urine and low or absent primary bile acids 
revealed three different mutations in this gene consistent with a 
primary enzyme defect in each case.” Two patients were 


homozygous for missense mutations (662C>T and 385C>T) and 
a third was homozygous for a single base deletion (511delT) in 
exon 5 leading to a premature stop codon. The liver biopsies of 
all three patients were characterized by giant-cell transformations, 
a common feature of many cases of inborn errors in bile acid 
synthesis. “^ Since these early reports, additional different 
mutations have been attributed to a deficiency in AKR1D1 activ- 
ity in infants.”°*'“° In a patient from Japan who met biochemical 
criteria for a deficiency in this enzyme, sequence analysis revealed 
a single silent mutation in the coding region of the gene, but 
immunoblot analysis of the liver homogenate using a monoclonal 
antibody revealed expression of the normal protein,” thus exclud- 
ing a primary genetic defect. Increased production of A*-3-oxo 
bile acids is not uncommon in patients with severe liver disease” 
and is a feature of immaturity in hepatic bile acid synthesis in 
infants during the first few weeks of life.” Several infants present- 
ing with neonatal hemochromatosis were reported to have a A‘-3- 
oxosteroid 5f-reductase deficiency.” As primary bile acids are 
involved in the canalicular transport of iron, the question of 
whether the iron-storage defect may be secondary to the bile acid 
synthetic defect, or vice versa, has been raised.'”’ In the case of a 
suspected AKR1D1 deficiency, it is important to repeat urinalysis 
because on some occasions liver disease resolves. These atypical 
bile acids spontaneously disappear, and the findings ideally should 
be supported by confirmation of a mutation in the gene. 

The liver injury in this defect is the consequence of dimin- 
ished primary bile acid synthesis and the hepatotoxicity of the 
accumulated A*3-oxo bile acids. The unique morphologic 
findings on electron microscopy (EM) of the liver of the first 
patients described'”’ suggest that maturation of the canalicular 
membrane and the transport system for bile acid secretion may 
require a threshold concentration of primary bile acids in early 
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development. Primary bile acid therapy resulted in a normaliza- 
tion of the immature-appearing bile canalicular structures with a 
disappearance of the electron-dense material seen under EM in 
and around the canaliculi. 

Treatment with oral cholic acid (5-15 mg/kg of body weight/ 
day) in most patients has resulted in clinical and biochemical 
improvement, resolution of jaundice, and normalization of liver 
function tests, provided that therapy was initiated before signifi- 
cant liver damage occurred.'“°!*° UDCA was reported to be not 
effective’ or was used in combination with cholic or chenode- 
oxycholic acids in some patients."“°'® Down-regulation in bile 
acid synthesis can be monitored by measurement of the concen- 
trations of the A*-3-oxo bile acids in urine, and dose can be 
titrated based on biochemical and clinical responses.'** In a few 
patients cholic acid has failed to reverse the liver injury, but this 
was generally because diagnosis was established when there was 
cirrhosis and end-stage disease. 


Defects Involving Reactions Leading 
to Side Chain Modification 


Defects in the reactions involved in side chain hydroxylation and 
oxidation generally present as neurologic disturbances and/or syn- 
dromes of fat-soluble vitamin malabsorption. These manifesta- 
tions emphasize the crucial role that bile acids play in the intestinal 
absorption of lipids. Liver disease is generally mild and may not 
necessarily be the primary clinical presentation, because low levels 
of primary bile acids are often made via alternative pathways of 
synthesis. CTX was the first defect in bile acid synthesis to be 
described®*'*' and shown conclusively to be due to mutations in 
the gene for sterol 27-hydroxylase (CYP271A). More recently, 
defects in bile acid conjugation and specific single enzyme defects 
in peroxisomal B-oxidation have been described. Generalized dis- 
orders in peroxisomal structure and function, distinct from single- 
enzyme defects in the fatty acid oxidation system, ultimately lead 
to progressive liver disease, but this is secondary to the underlying 
genetic disease. 


Sterol 27-Hydroxylase Deficiency: 
Cerebrotendinous Xanthomatosis 


CTX is a rare, autosomal recessive lipid-storage disease that has an 
estimated prevalence of 1:70,000. Although CTX is usually not 
diagnosed until the second or third decade of life when patients 
become symptomatic, it has been detected in a few pediatric 
patients. °>!” The clinical presentation includes symptoms of pro- 
gressive neurologic dysfunction, dementia, ataxia, cataracts, and 
xanthomas in the brain and tendons.’ It has been suggested that 
the presence of bilateral juvenile cataracts and a history of chronic 
diarrhea, although not specific for CTX, may represent an early 
clinical manifestation of the disease.'*”'®’ More recently CTX has 
been associated with a transient increase in serum liver enzymes 
in several infants, suggesting that the earliest clinical picture may 
be a mild cholestasis that ultimately resolves over the first few 
months of life. In one case report CTX was associated with 
fatal cholestasis in infancy.'°’ The main biochemical features of 
this disease are a significantly reduced synthesis of primary bile 
acids, elevated biliary, urinary, and fecal excretion of bile alcohol 
glucuronides, a normal or low plasma cholesterol concentration 
with excessive deposition of cholesterol and cholestanol in tissues, 
and a markedly elevated plasma cholestanol concentration. 
More than 2 decades ago, Salen et al. demonstrated that the 
basic defect in this disorder was an impairment in side chain 


oxidation’ and that chenodeoxycholic acid synthesis was affected 
to a greater extent than cholic acid synthesis. Conclusive evidence 
that the primary defect in CTX is a defect in sterol 27 hydroxylase 
(Fig. 2-8) comes from molecular studies, facilitated by the cloning 
of the human sterol 27-hydroxylase CDNA.” The gene is localized 
to the long arm of chromosome 2, and a large number of different 
mutations have been identified in CTX patients, including inser- 
tion, deletion, and point mutations.” Interestingly, the mitochon- 
drial sterol 27-hydroxylase also catalyzes hepatic 25-hydroxylation 
of vitamin D, yet despite this, 25-hydroxy-vitamin D is not 
usually altered in CTX patients. 

A striking feature is the accumulation of 50-cholestan-3B-ol 
(cholestanol) in the nervous system and the markedly elevated 
concentrations of this sterol, but not cholesterol, in plasma.°°'® 
The cholestanol/cholesterol ratio in plasma may be of diagnostic 
value,'® although an elevation of this ratio and increased urinary 
excretion of bile alcohol glucuronides are often seen in patients 
with cholestatic liver diseases.'”°'”' The most plausible expla- 
nation for the high cholestanol levels is that it arises from 
sterol intermediates that accumulate in the absence of an active 
sterol 27-hydroxylase. A pathway has been proposed involving 
70-hydroxylation of cholesterol, and conversion to 70-hydroxy- 
4-cholesten-3-one, followed by 70-dehydroxylation that is hepatic 
rather than intestinal, and yields cholest-4,6-dien-3-one as an 
intermediate. Radiolabeling studies confirmed this pathway, and 
CTX patients have elevated plasma 70-hydroxy-4-cholesten-3- 
one and cholest-4,6-dien-3-one levels.° Furthermore, cholestyr- 
amine administration, which increases cholesterol 7a-hydroxylase 
activity, leads to increased plasma cholestanol concentrations, 
whereas chenodeoxycholic acid administration has the opposite 
effect. 

Diagnosis of CTX at an early age is important to limit neuro- 
logic and cardiovascular complications resulting from the chronic 
and irreversible deposition of cholesterol and cholestanol in 
tissues. Diagnosis is generally based on a greatly increased plasma 
cholestanol/cholesterol ratio, ® although in some cases this is not 
entirely reliable, and/or an elevated excretion of bile alcohols in 
urine.'**!” These analyses are highly specialized, time-consuming, 
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e Fig. 2-8 The metabolic pathways for primary bile acid synthesis from 
cholesterol depicting the biochemical presentation in patients with a sterol 
27-hydroxylase deficiency (CYP27A1) causing cerebrotendinous xantho- 
matosis leading to diminished primary bile acid synthesis and excessive 
production of bile alcohols. Note that cholic acid is synthesized by the 
alternative 25-hydroxylation pathway (see also Fig. 2-2). 
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complex, and outside the scope of routine clinical laboratories. 
However, using mass spectrometry it is possible to rapidly and 
definitively diagnose CTX from an analysis of urine, which reveals 
the presence of increased levels of bile alcohol glucuronides. 5? 
The typical FAB-MS negative ion spectrum from a CTX patient 
reveals high levels of characteristic [M-H] ions of bile alcohol 
glucuronides, thus permitting a diagnosis to be made. CTX can 
be further confirmed by complementing the mass spectrometry 
analysis with DNA sequencing of the CYP27A1 gene and identi- 
fying the specific mutation. 

CTX can be effectively treated by oral bile acid admin- 
istration.'”*'’* Chenodeoxycholic acid (750 mg/day), yet to be 
approved for CTX, and cholic acid, recently approved, both nor- 
malize plasma cholestanol and lead to a concomitant decrease in 
excretion of urinary bile alcohol glucuronides consistent with 
down-regulation in endogenous CYP7A1 activity. These bio- 
chemical changes are generally accompanied by an improvement 
in clinical symptoms, particularly the neurologic disturbances, 
and are most effective when initiated before onset of significant 
symptomology. Cholic and deoxycholic acids also decrease plasma 
cholestanol and cholic acid may be preferable in infants, but it 
should be stressed that ursodeoxycholic acid is ineffective.'”” Bile 
acid therapy may be more effective in reducing plasma cholestanol 
in patients with CTX if combined with an HMG-CoA reductase 
inhibitor, which additionally inhibits endogenous cholesterol 
synthesis. '“°'”” 


2-Methylacyl CoA Racemase Deficiency 


A deficiency in 2-methylacyl CoA racemase, or alpha-methylacyl 
CoA racemase (AMACR), was reported in a 3-week-old female 
infant presenting with mildly elevated liver enzymes and low 
serum 25-hydroxy-vitamin D and vitamin E concentrations.” 
Identification of this defect was again based on mass spectrometric 
analysis of urine and serum, complemented by molecular studies. 
Molecular analysis of the gene encoding the AMACR showed a 
missense mutation ($52P) yielding an inactive protein in this 
patient. Interestingly, the same mutation was reported in two of 
three patients with an adult-onset sensory neuropathy character- 
ized by elevated serum phytanic and pristanic acids, but neither 
fat-soluble vitamin malabsorption nor liver disease appeared to 
be features.’ AMACR catalyzes the racemization of the (252) 
diastereoisomers of THCA and DHCA to the respective (255) 
isomers,’”® and this reaction is a prerequisite for the initiation of 
peroxisomal f-oxidation of the side chain of these Cy, bile acid 
intermediates. It is also responsible for the racemization of (2R)- 
pristanoyl Co-A to its (2S)-diastereoisomer before peroxisomal 
B-oxidation, and this broad substrate specificity explains why 
in this genetic disease VLCFAs are normal while pristanic acid, 
a branch-chained fatty acid, is elevated. The urinary FAB-MS 
analysis yields a mass spectrum identical to that of patients 
with Zellweger syndrome; however, plasma VLCFAs and other per- 
oxisomal enzyme markers are all normal. High performance liquid 
chromatography-electrospray ionization (HPLC-ESI) tandem mass 
spectrometry was used to separate the diastereoisomers of THCA 
and DHCA and to confirm the presence of exclusively (25R)-forms 
of THCA and DHCA in the patient’s serum and bile.” 

This infant responded successfully to fat-soluble vitamin sup- 
plementation and cholic acid therapy (15 mg/kg/day) with nor- 
malization of liver function tests, and she was neurologically and 
developmentally normal at age 3/4 years. The patient’s history was 
remarkable for a previous sibling who was healthy until 57% 
months of age but died suddenly following an intracranial bleed 


that was secondary to vitamin K deficiency. The liver of this 
sibling, apparently having the same bile acid synthetic defect, was 
transplanted, and the recipient was alive 5 years later but receiving 
oral bile acid therapy.” Dietary restriction of phytanic acid should 
be implemented in AMACR deficiency to prevent longer-term 
neurologic damage caused by the accumulation of branched-chain 
fatty acids. An AMACR knockout mouse model confirms the 
importance of phytol restriction in preventing neurologic and 
hepatic manifestations.'”’ Because the primary presentation in this 
infant and her deceased sibling was fat-soluble vitamin malabsorp- 
tion, this discovery makes a strong case for screening for bile acid 
synthetic defects in cases of unexplained fat-soluble vitamin mal- 
absorption or rickets to permit therapeutic intervention with 
primary bile acids as early as possible. 


Side Chain Oxidation Defect in the 
25-Hydroxylation Pathway 


Clayton et al. proposed a defect in side chain oxidation in the 
25-hydroxylation pathway for a 9-week-old infant presenting with 
familial giant-cell hepatitis and severe intrahepatic cholestasis. '*° 
The diagnosis was based on the findings of reduced cholic and 
chenodeoxycholic acid concentrations and elevated concentra- 
tions of bile alcohol glucuronides, specifically 5B-cholestane- 
3B,70,120,24-tetrol, 5B-cholest-24-ene-3B,70,120,24-tetrol, and 
5B-cholestane-3B,70,120,,25-tetrol in serum. These bile alcohols 
are not normally found in the plasma of infants with liver disease. 
Bile alcohol glucuronides were major metabolites in the urine. '®° 
Although this profile resembled that of CTX patients, it was 
concluded on the basis of the liver disease, which at that time had 
not been previously described as a feature of CTX, that this rep- 
resented an oxidation defect downstream of the 25-hydroxylation 
step in this minor pathway for bile acid synthesis. The implica- 
tions of the findings are that the 25-hydroxylation pathway, con- 
sidered of negligible importance in adults, may be important in 
infants. The patient was treated with chenodeoxycholic and cholic 
acids, which led to normalization in serum transaminases and 
suppression of bile alcohol production. 


Peroxisomal Disorders 


Disorders involving peroxisomal assembly and function have a 
significant impact on bile acid synthesis. This is perhaps not sur- 
prising because the peroxisome packages at least 40 enzymes, 
including those required for the B-oxidation of fatty acids and bile 
acids, as well as the enzymes catalyzing bile acid conjugation. 
Most of the disorders in bile acid synthesis in peroxisomopathies 
are secondary to the primary defect of organelle dysfunction. The 
early diagnosis of a peroxisomopathy is interestingly often the 
result of the patient’s referral to a gastroenterologist for evaluation 
of abnormal liver biochemistries. 

Many of the peroxisomal disorders show similarities and 
overlap in clinical and biochemical presentation. Conditions in 
which there is a generalized impairment in peroxisomal function 
exhibit abnormalities in bile acid synthesis and metabolism, and 
these patients often have significant liver disease. Pinpointing the 
exact nature of the peroxisomopathy can be challenging and 
requires a battery of tests to examine the entire B-oxidation 
pathway of bile acids and VLCFAs, complemented. by immuno- 
blotting techniques to identify the presence and activity of other 
peroxisomal enzymes, and genetic screening to sequence the PEX 
gene exons for peroxisomal biogenesis disorders. 
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Mass spectrometry, both LSIMS (FAB-MS or ESI-MS) and 
GC-MS analysis of the urine and plasma/serum, permits accurate 
identification of abnormalities in peroxisomal B-oxidation of bile 
acids,'**'*! particularly when there is evidence of progressive liver 
disease. A typical FAB-MS of the urine reveals the presence of 
unconjugated THCA, taurine-conjugated THCA, and taurine- 
conjugated tetrahydroxylated cholestanoic acids. Elevated levels of 
DHCA, THCA, and a Cy9-dicarboxylic bile acid in biologic fluids 
are a consistent feature of patients with Zellweger syndrome, 
neonatal adrenoleukodystrophy, infantile Refsum disease and 
pseudo-Zellweger syndrome,'**'*’ and peroxisomal biogenesis 
disorders.'**'”® Of the single enzyme defects, X-linked adrenoleu- 
kodystrophy and pseudoneonatal adrenoleukodystrophy both 
show normal bile acid synthesis with no accumulation of choles- 
tanoic acids. DHCA concentrations are in general much lower 
than THCA, particularly in younger patients, and this is explained 
by its preferential conversion to THCA by 12a-hydroxylation. 
The origin of a unique Cy5-dicarboxylic acid found in serum of 
many Zellweger syndrome patients is presumed to be from side 
chain elongation in the endoplasmic reticulum.'** Although bile 
acid synthetic rates are low in patients with Zellweger syndrome,” 
increased serum concentrations of primary bile acids are fre- 
quently found and are probably a consequence of impaired hepatic 
function. Additional metabolism of THCA by microsomal 
hydroxylation in the side chain (to produce C-24 hydroxylated, 
varanic acid isomers) and in the nucleus (to produce C-1 and C-6 
tetrahydroxy-cholestanoic acids) gives rise to many tetrahydroxyl- 
ated cholestanoic acids that are excreted in urine and present in 
plasma, and these are of diagnostic value.'*''*°'*” The urine from 
parents of patients with Zellweger syndrome, who are heterozy- 
gous for this most severe form of peroxisomal defect, will have 
normal urinary bile acid excretion with negligible or no detectable 
cholestanoic acids.'*” In genetic counseling of affected families, 
prenatal diagnosis is possible by specific detection of elevated 
concentrations of DHCA and THCA in amniotic fluid.'”” 

Whereas the diagnosis of Zellweger syndrome is often straight- 
forward, characterizing and differentiating patients with less 
severe phenotypes and with single enzyme defects involving per- 
oxisomal enzymes is more difficult. There have been several case 
reports of presumed THCA-CoA oxidase deficiencies, and phy- 
tanic and pristanic acids, when measured, have been elevated. '”*'”° 
All patients presented with ataxia, and unlike patients with 
AMACR deficiency who share a similar biochemical profile,” 
there was no evidence for any neurologic disorder. With the more 
recent recognition of the complexity of peroxisomal biogenesis 
disorders, it is possible that some of these previously reported cases 
could have been due to mutations in PEX genes, of which there 
are 12 known. 

Treatment of the peroxisomopathies is difficult because of their 
multiorgan pathophysiology and is to a large extent restricted to 
managing symptoms. Dietary restriction of VLCFAs and phytanic 
acid and administration of oleic acid have provided minimal to 
no benefit in patients with full-blown Zellweger syndrome. Clo- 
fibrate, which has been shown in rats to induce peroxisomal 
proliferation, has proven to be of no therapeutic value.” In 
general, the prognosis in most peroxisomal disorders is poor, and 
patients with Zellweger syndrome generally succumb to respira- 
tory failure. The progressive liver disease that commonly develops 
in peroxisomal disorders may in part be due to increased synthesis 
and accumulation of C,,-bile acids and reduced primary bile acid 
synthesis. Infusion of tauro-THCA in rats induces red-cell hemo- 
lysis and produces a hepatic lesion showing mitochondrial 


disruption similar to that found in Zellweger patients.” In an 
attempt to limit the severity of liver injury in a Zellweger syn- 
drome patient, primary bile acids were given orally, and biochemi- 
cal markers of liver function and histology improved markedly, 
most notably by a decrease in the extent of bile-duct proliferation 
and inflammation.'®’ Urinary and serum concentrations of cho- 
lestanoic acids also decreased. A striking and sustained increase in 
growth and significant improvement in neurologic symptoms 
were also noted. Based on these observations and the successful 
treatment of patients with primary enzyme defects in bile acid 
synthesis, cholic acid therapy has now been used in a number of 
patients with peroxisomal disorders with variable outcomes.'* It 
was recently approved by the FDA for peroxisomal disorders 
where bile acid synthesis is impaired. In a study of patients with 
a variety of peroxisomopathies, including Refsum disease, neona- 
tal adrenoleukodystrophy, and Zellweger syndrome, treatment 
with cholic acid (10-15 mg/kg of body weight/day) for periods 
ranging from 4.7 to 11 years had variable outcomes. Not surpris- 
ingly, most treatment failures were in patients with more severe 
Zellweger syndrome. Patients with single enzyme defects in per- 
oxisomal function causing abnormal bile acid synthesis showed 
greater responsiveness and may benefit from oral cholic acid 
therapy.'*’ Patients with the peroxisomal biogenesis defects may 
benefit as evidenced from successful treatment of a patient with 
a PEX10 defect, ™ who thus far has been treated with oral cholic 
acid for more than 18 years. 


Bile Acid-CoA Conjugation Defects 


Hepatic conjugation in humans is extremely efficient and as a 
result negligible amounts of unconjugated bile acids (<2%) typi- 
cally appear in bile under normal and most cholestatic condi- 
tions,” and even after therapeutic doses of the unconjugated bile 
acid, ursodeoxycholic acid, is administered.” The first case of 
defect in bile acid amidation was described in 1994 in a 14-year- 
old boy presenting with fat and fat-soluble vitamin malabsorp- 
tion.” This child was of Laotian descent and in the first 3 
months of life presented with conjugated hyperbilirubinemia, 
elevated serum transaminases, and normal GGT. Two other 
patients, a 5-year-old Saudi Arabian boy and his 8-year-old sister, 
who were products of a consanguineous marriage, were identified 
with the same bile acid defect soon after. Remarkably, the boy had 
undergone a Kasai procedure for a mistakenly diagnosed biliary 
atresia, whereas his sister was reportedly asymptomatic at time of 
diagnosis. Conjugation defects have since been identified in more 
than 10 additional patients”*”®°"' with a clinical history of normal 
or mildly elevated liver function tests but with severe fat-soluble 
vitamin malabsorption and rickets. In one patient, this resulted 
in bone fracture. All had subnormal levels of vitamin E, vitamin 
K, 25-hydroxy-vitamin D, and 1,25-dihydroxy-vitamin D. The 
phenotype of the amidation defect is quite variable, with severe 
cholestasis and liver failure requiring liver transplantation in one 
patient. The clinical presentation and biochemical features of 
defective amidation closely paralleled the predicted features 
hypothesized by Hofmann and Strandvik some years earlier.””” 
This conjugation defect was also reported in a number of patients 
from an Amish kindred and was associated with mutations 
in the BAAT gene encoding the bile acid-CoA:amino acid 
N-acyltransferase. In some of the cases a mutation in the 7/P2 
gene encoding tight junction protein 2 was reported.” More 
recently, the first confirmed defect associated with a mutation in 
the SLC27A5 gene encoding the bile acid CoA ligase was 
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reported.” The patient, of Pakistani origin born to consanguine- 
ous parents, presented with cholestasis, elevated serum bilirubin 
and transaminases, normal serum GGT concentrations and low 
fat-soluble vitamins and had been receiving total parenteral nutri- 
tion. The liver biopsy showed extensive fibrosis. The patient was 
homozygous for a missense mutation C.1012C>T in the SLC27A5 
gene, and interestingly a second mutation was discovered in the 
gene encoding the bile salt export pump. No mutations were 
found in BAAT. Diagnosis of a bile acid amidation defect is readily 
achieved by mass spectrometry. FAB-MS and ESI-MS negative 
ion mass spectra of the urine, serum, and bile reveal a distinct 
profile in which there is a major ion at m/z 407 corresponding to 
unconjugated cholic acid. In addition, ions characterizing sulfate 
and glucuronide conjugates of dihydroxy- and trihydroxy-bile 
acids are usually present but those of glycine- and taurine- 
conjugated bile acids are absent.”™” Serum and urinary bile acids 
are markedly elevated in these patients and comprise predomi- 
nantly cholic and deoxycholic acids. Discerning whether the 
defect resides in the bile acid CoA ligase or in the bile acid- 
CoA:amino acid N-acyltransferase requires the use of molecular 
techniques to sequence the SLC27A5 and BAAT genes for muta- 
tions or immunostaining of a liver biopsy for the presence of the 
enzymes, because the mass spectrometric bile acid profiles of these 
two defects are indistinguishable. 

Although inborn errors in bile acid synthesis usually present 
as well-defined progressive familial cholestatic liver disease, cho- 
lestasis is generally not a primary manifestation of a bile acid 
conjugation defect, presumably because synthesis of high levels of 
unconjugated cholic acid is sufficient to maintain bile flow. The 
main feature of fat-soluble vitamin malabsorption occurs because 
of reduced biliary secretion of bile acids and an inability to form 
mixed micelles because of rapid passive absorption of unconju- 
gated cholic acid in the proximal small intestine. Although these 
patients conjugate bile acids with glucuronic and sulfuric acids, 
these conjugates do not promote lipid absorption. Treatment with 
oral glycocholic acid was effective in resolving the fat-soluble 
vitamin malabsorption of five patients with the amidation defect 
caused by mutations in BAAT,*"' whereas UDCA therapy was 
used in the one reported patient with a mutation in the gene 
encoding the bile acid-CoA ligase.” More recently we studied 10 
pediatric patients with fat-soluble vitamin deficiency, some with 
growth failure or transient neonatal cholestatic hepatitis, and 
found increased urinary bile acids that were predominantly 
excreted in unconjugated forms as sulfates and glucuronides. 
Glycine or taurine conjugates were absent in the urine, bile, and 
serum of these patients. Thus, the biochemical profile was consis- 
tent with defective bile acid amidation, and molecular analysis of 
BAAT confirmed four different homozygous mutations in eight 
patients tested.” The recognition that genetic defects in bile acid 
synthesis are associated with unexplained fat-soluble vitamin mal- 
absorption warrants a concerted effort to explore patients with 
this phenotype for defective bile acid synthesis. 


Other Disorders Influencing Bile 
Acid Synthesis and Metabolism 


In conditions that alter the integrity of the enterohepatic circula- 
tion, significant changes in bile acid synthesis and metabolism will 
occur. Because serum bile acid concentrations reflect a balance 
between intestinal input and hepatic extraction, it is evident that 
pathophysiologic changes to the intestinal tract will be reflected 
by secondary changes in bile acid synthesis and metabolism. Such 


examples include ileal resection and bacterial overgrowth," 
whereas an inborn error in ileal bile acid transport has been shown 
to cause bile acid malabsorption.” Genetic defects in choles- 
terol synthesis, such as Smith-Lemli-Opitz syndrome,” also 
alter bile acid synthesis because of the reduced availability of 
cholesterol. 

Increased concentrations and alterations in bile acid metabo- 
lism can be found in most cholestatic liver diseases, but discerning 
whether these are primary or secondary to the liver injury is often 
difficult. Primary bile acid synthetic defects, especially those 
involving the steroid nucleus, present as progressive familial intra- 
hepatic cholestasis (PFIC), and represent a distinct entity of the 
PFIC syndromes separate from those recognized to arise from 
defects in the canalicular organic anion transporter proteins.” ° 
A shared feature of Byler disease, designated PFIC type 1 (Byler 
disease), PFIC type 2 (the bile salt export pump defect), and bile 
acid synthesis disorders, is a consistently low serum GGT level, 
but differential diagnosis is possible from performing bile acid 
analysis. PFIC type 1 and 2 patients present with high serum bile 
acid concentrations; whereas primary bile acids are lacking in the 
bile acid synthetic defects. PFIC type 3 patients also have a normal 
serum GGT level but defective phospholipid secretion. Patients 
with Byler disease have severe growth failure and usually die before 
3 years of age without transplantation. For bile acid synthetic 
defects, except for the oxysterol 7a-hydroxylase deficiency,” the 
prognosis is excellent—provided oral primary bile acid therapy is 
initiated before there is significant loss of quantitative liver func- 
tion'**'“° and the need for liver transplantation can be avoided. 
Cholic acid therapy (10-15 mg/kg of body weight/day) was 
recently approved for the treatment of bile acid synthetic disor- 
ders. It is therefore important in the clinical evaluation of patients 
with PFIC to screen for potential defects in bile acid synthesis as 
early as possible. All of these defects can be recognized by a com- 
bination of molecular and analytical studies, and bile acid and 
phospholipid analysis of bile is helpful in the differential diagno- 
sis. Whereas only nine bile acid synthesis disorders have been 
described in the complex pathway for bile acid synthesis, it is 
likely that, with whole genome sequencing, mutations in the 
genes encoding the remaining eight enzymes will be revealed and 
the phenotypes described. 


Bile Acids as Signaling Integrators 
of Metabolism 


Earlier in this chapter, we introduced the concept of bile acids as 
signaling molecules in the context of bile acid synthesis regulation. 
Recent evidence suggests that bile acids signal to control a much 
wider spectrum of metabolic processes including satiety, energy 
expenditure, and hepatic lipogenesis. 


Enterocyte Bile Acid Physiology 


Bile acid reabsorption in the terminal ileum occurs in an active 
manner against its concentration gradient predominantly through 
the apical sodium bile acid transporter (ASBT).*” We understand 
that FGF15/19 is released by the ileum after bile acid stimulation 
of the intestinal FXKR-FGF15/19 system.*'® The Diet] intestinal 
protein was recently highlighted to be a critical intermediary step 
in the ileal FXR-FGF signaling pathway.’ The release of FGF15/19 
from enterocytes then signals FGFR4 in the liver. FGF15/19 
action in the liver has been said to be dependent on the integrity 
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of the receptor FGFR4 and its obligatory co-receptor BKlotho. 
FGF15 directly inhibits Cyp7al through its liver receptor 
FGFR4 independent of the liver FXR-SHP pathway.”'*”"? Further, 
the intestinal FXR-FGF pathway suppresses both Cyp7al and 
Cyp8b1 hepatic gene expression.’ It is now understood that the 
intestinal FXR-FGF-FGFR4-mediated inhibition of bile acid syn- 
thesis impacts both Cyp7al (7a-hydroxylation) and Cyp8b1 
(120-hydroxylation) equally. FGF15 signaling also works subse- 
quent to insulin as a postprandial inhibitor of hepatic gluconeo- 
genesis through the inactivation of the transcription factor cAMP 
regulatory element-binding protein’ and lipogenesis through 
Srebp1c.*'° A decrease in fasting FGF15/19 levels has been shown 
to be associated with the development of nonalcoholic fatty liver 
disease in obese adolescents”'’ and more recently improvement 
in obesity has been ascribed in part to an increase in gut 
gluconeogenesis. ”"* 


Muscle and Brown Adipose Tissue Metabolism 


Circulating bile acids bind to TGRS5, a plasma membrane-bound 
G protein-coupled receptor that is present in distal small intestine, 
colon, pancreas, skeletal muscle, and brown adipose tissue.” The 
activation of this receptor TGR5 leads to a secretion of the incre- 
tin hormone glucagon-like peptide-1 from enterocytes,’ which 
may influence insulin secretion from the pancreatic B cells.*"” 
Activation of the TGR5 receptor in skeletal muscle and brown 
adipose tissue also mediates the conversion of thyroxine to triio- 
dothyronine, which could increase energy expenditure.” We have 
also reported that skeletal muscle gene expression of bile acid 
responsive targets, Kir6.2 and cyclooxygenase IV, are increased 
after bariatric surgery.” 


Bile Acid Changes After Bariatric Surgery 


Many of the weight-loss or bariatric surgeries have been reported 
to result in increased levels of serum bile acids. Patti et al. reported 
elevated serum bile acid levels after bariatric surgery, wherein the 
bile acid subfractions taurochenodeoxycholic, taurodeoxycholic, 
glycocholic, glycochenodeoxycholic, and glycodeoxycholic acids 
were all significantly higher in the Roux-en-Y gastric bypass sub- 
jects compared with overweight and morbidly obese weight- 
matched control subjects.” Nakatani et al. also showed that 
restrictive procedures (9 of this group of 15 patients had vertical 
sleeve gastrectomy [VSG]) resulted in increased total serum bile 
acid levels as the subjects lost weight.’ We have subsequently 
shown that this increase in serum bile acid levels is not ubiquitous 
to all bariatric procedures. Roux-en-Y gastric bypass results in an 
increase in serum bile acids, but we did not find a similar increase 
in individuals who lost weight after undergoing a gastric banding 
procedure.” These human data in conjunction with our in vivo 
experimental work with rat ileal interposition” and bile diversion 
surgeries” present compelling data that the bile acid enterohe- 
patic circulation is important to the improvements in metabolism 
seen after bariatric procedures. 

Why certain bariatric procedures increase serum bile acid levels 
is an open question. Multiple potential pathways involved in the 
rise of serum bile acids levels after VSG surgery include (1) ghrelin 
activation and its link to bile acid production,””° (2) changes in 
intestinal pH after VSG that would impact bile acid reabsorption, 
(3) changes in the microbiome influencing bile acid circulation, 
(4) enhanced gastric emptying rates that shorten bile acid transit, 
and (5) bile acid-triggered distal gut anorexic hormone release 


such as glucagon-like peptide-1.””~” Bile acid reabsorption in the 
terminal ileum occurs in an active manner against a concentration 
gradient,” predominantly through active transport involving the 
ASBT.”” Increased villi length and total surface area in addition 
to the greater ASBT-stained area have been observed after bariatric 
surgery and potentially explain the elevated serum levels of bile 
acids. This intestinal adaptive response is similar in many experi- 
mental bariatric and nonsurgical murine cohorts that have been 
shown to have higher serum bile acid levels.*'’’***”°**! Increased 
bile acid absorption coupled with the suppression of hepatocyte 
bile acid uptake transport mechanisms (Oatp/Ntcp) as we have 
observed?” may together explain the elevated serum bile acid 
levels. 

Rats that underwent bile diversion lost significantly more 
weight than rats that had sham surgeries. Further, bile-diverted 
rats had improved glucose tolerance, less liver steatosis, and a 
higher postprandial glucagon-like peptide-1 response, in addition 
to higher serum bile acids. The taurine-conjugated form of serum 
bile acid ursodeoxycholic acid (TUDCA) was specifically higher 
in the bile-diverted rats. Interestingly in a separate experiment we 
observed that bile acid gavage of TUDCA or UDCA in diet- 
induced obese rats reduced hepatic steatosis and endoplasmic 
reticulum stress. Using a murine model of VSG, we further 
reported that serum bile composition in the VSG-treated obese 
mice had increased cholic and TUDCA levels. These composi- 
tional changes in bile acids in VSG mice explained observed 
down-regulation of hepatic lipogenic and bile acid synthesis 
genes. We further reported that increases in serum bile acids in 
post-VSG mice correlate with postsurgery weight loss and that 
changes in serum bile composition could explain suppression of 
hepatic genes responsible for lipogenesis.*'” Specifically, perform- 
ing VSG on mice lacking the nuclear receptor FXR, or NR1H4, 
we demonstrated that the therapeutic value of VSG does not 
result from mechanical restriction imposed by a smaller stomach. 
Rather, in the absence of FXR, the ability of VSG to reduce body 
weight and improve glucose tolerance is substantially reduced. 
VSG was also seen to be associated with changes to gut microbial 
communities.” 


Bile Acid Signaling as a Treatment for 
Nonalcoholic Steatohepatitis 


Recently, direct hepatic FXR activation has been shown to sup- 
press lipogenesis through SREBP1c°” and the bile acid produc- 
tion enzymes Cyp8b1 and Cyp7a.”'* We have also shown that 
steatosis improvement after bariatric surgery involves suppressed 
hepatic lipogenesis.*'® Further, FXR activation using 6-ethyl- 
chenodeoxycholic acid (obeticholic acid) has also been shown to 
protect against body weight gain and liver lipid accumulation in 
obese rats.” More recently a large clinical trial reported a signifi- 
cant improvement in nonalcoholic steatohepatitis when patients 
were treated with OCA, but there were also disproportionate lipid 
abnormalities in OCA- compared with placebo-treated patients.” 
Patients that received OCA had increased levels of plasma LDL- 
cholesterol and decreased levels of plasma high density lipoprotein— 
cholesterol. In a separate set of experiments we investigated a down- 
stream target of FXR implicated in hepatic lipogenesis and bile 
acid production: the small heterodimer partner (SHP) pathway. 
We found that diet-induced obese mice genetically modified to 
overexpress SHP in the liver (SHP-Tg mice) lost weight after VSG 
and had decreased steatosis. On the other hand, diet-induced 
obese mice lacking SHP (SHP-knockout mice) had weight loss 
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independent of SHP status. In contrast, SHP-knockout mice that 
underwent VSG lost weight but developed hepatic inflammation 
and had increased liver injury.” Together these data demonstrate 
the ability of alterations in bile acids to recapitulate important 
metabolic improvements seen after bariatric surgery (Fig. 2-9). 
Furthermore, the intestinal microbiome is increasingly recognized 
to play an important role in disease and in obesity-related condi- 
tions, and not surprisingly, alterations in bile acid metabolism 
will be induced by changes in bacterial metabolism. The interplay 
between bacteria and bile acids is likely to be shown to be key to 
explaining some of the findings we have discussed. 


Conclusion 


This chapter describes the complex pathway for bile acid synthe- 
sis from cholesterol and illustrates how genetic defects in genes 
encoding the enzymes responsible for bile acid synthesis or their 


transport influence normal physiology. Impaired bile acid synthe- 
sis and transport leads to a broad spectrum of symptoms ranging 
from cholestasis, fat and fat-soluble vitamin malabsorption, to 
neuropathy consistent with the physiologic and physicochemical 
properties of bile acids. There is now a renaissance in interest 
in bile acids given the recognition that they regulate numer- 
ous biochemical pathways associated with energy, glucose, and 
fat metabolism. Consequently, novel drugs based on the bile 
acid backbone are likely to be developed to address the global 
problems of obesity and diabetes and the liver disease associated 
with them. 
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ABBREVIATIONS 


ALD alcoholic liver disease 

GALT gut-associated lymphoid tissue 

IBD inflammatory bowel disease 

LEFSE linear discriminant analysis effect size 
MHE minimal hepatic encephalopathy 

OTU operational taxonomic unit 


he liver is the largest and one of the most intricate organs 

in the body, and is integral in regulating normal physio- 

logic and biochemical processes. Liver diseases are among 
the prominent causes of chronic disease states and result in a 
significant global health burden. Well-established causes of liver 
diseases include viral infection, alcohol, obesity, insulin resistance, 
and autoimmune, metabolic, and genetic disorders. Irrespective 
of the underlying cause the pathophysiologic principles of liver 
injury usually involve inflammation, necrosis, apoptosis, oxidative 
stress, cholestasis, and fibrosis, which together can impact the 
natural history and progression of liver disease. On the other 
hand, dynamic repair and regenerative mechanisms are also active. 
The balance between these injury and repair spectrums influences 
the pathway to either recovery or further progression to cirrhosis. 
Emerging evidence clearly implicates the intestinal microbiome as 
an important link that can influence the fate of liver disease. To 
better understand the role of the intestinal microbiome as an 
important factor in liver disease, it is prudent to comprehend 
some of the normal but complex host-microbiome interactions 
that maintain the delicate balance between health and disease. 


Historical Perspective and 
Technology Development 


All bilaterian animals have an alimentary canal that transfers food 
to a digestive tract and have evolved in a symbiotic relationship 
with the microbial flora. These animals include the protostomes 
(arthropods, mollusks, and annelids) and the deuterostomes (echi- 
noderms and chordates). Thus not only are all animals linked 
evolutionarily, they are linked ecologically through a shared sym- 
biotic relationship with the microbial world. Our knowledge of 
the microbial world has its roots in antiquity. For example, 
humankind has been actively manipulating the microbial flora for 
food production for millennia. The documented history of fer- 
mentation of beer, wine, cheese, and yogurt goes back at least 


10,000 years.” The field of microbiology developed throughout 
the 18th and 19th centuries with the advent of microscopy“ and 
microbial culturing techniques’ that facilitated the discovery of 
how microbes were involved in health and disease. 

The origins of the Human Microbiome Project go back some 
100 years ago. For example, Ilya Mechnikov and Paul Ehrlich were 
awarded the Nobel Prize in Physiology or Medicine in 1908 for 
their work on immunity, but they both also made significant 
contributions to the scientific understanding of the human micro- 
biome. Specifically, Mechnikov hypothesized that dysbiosis of the 
gut microflora was involved in mental health, aging, and disease.° 
He even contributed to the concept of the use of a probiotic for 
its health benefit as he promoted the use of kefir, a fermented milk 
product, to prevent aging. Ehrlich, on the other hand, isolated a 
facultative anaerobe from infant stool that bears his name, Esch- 
erichia coli. It was originally thought that E. coli was one of the 
most abundant species in the human gut, whereas it is one that 
grows on aerobic plates. It is now known that the most abundant 
gut species are anaerobes. 

Our main tools for characterizing the gut flora throughout 
most of the 20th century were aerobic and anaerobic culture— 
based techniques first introduced by Nobel laureate Robert Koch. 
The main limitation to culture methods is that less than 1% of 
environmental bacterial species grow on artificial media® and thus 
cannot be identified by this method. Basically, we do not know 
what their nutrient requirements are, and there are many obligate 
interactions between the species of an ecosystem that cannot be 
replicated in culture. 

The development of DNA-based analytic methods in the early 
1970s revolutionized microbial ecology and molecular systemat- 
ics. Carl Woese was one of the prominent pioneers of molecular 
systematics, and his identification of the three domains on life was 
seminal to our understanding of the microbial world.’ These 
techniques either involved the cloning and sequencing of PCR 
amplicons of the 16S ribosomal RNA gene from a community to 
produce an abundance species profile or resorted to a community 
fingerprinting technique such as denaturing gradient gel electro- 
phoresis or length heterogeneity PCR fingerprinting, where one 
obtains an indication of the operational taxonomic units (OTUs) 
in the sample. The advantage of the latter is that one can profile 
an entire community in one run on a fluorescent sequencer; 
however, one does not necessarily identify individual species in 
the OTUs. 

It was not until the beginning of this century that classic 
molecular techniques were applied to investigate the human 
microbiome. For instance, molecular methods were first used to 
define the gut microbiome in inflammatory bowel disease (IBD) 
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by Zoetendal et al.” in 2002. They used denaturing gradient gel 
electrophoresis to distinguish the mucosal biofilm microbiome 
from the luminal microbiome. Swidsinski et al. used fluorescence 
in situ hybridization with 16S ribosomal RNA probes to demon- 
strate changes in the mucosal biofilm in IBD. Kleessen et al. |! 
used fluorescence in situ hybridization to demonstrate that the 
mucosal biofilm in IBD and identified Bacteroides and Firmicutes 
as the dominant taxa in the human gut. Seksik et al.'* used quan- 
titative dot blot hybridization to identify enterobacteria in Crohn 
disease patients and noted a number of unknown species that were 
of unknown phylogenetic origin. Komanduri et al." used length 
heterogeneity PCR and cloning and sequencing to fully character- 
ize the mucosal and luminal microbiome and compare the micro- 
bial species in ulcerative colitis, Crohn disease, and pouchitis. 
They demonstrated that there is an invasion of the mucosal 
biofilm by luminal species in the disease state. Their inference was 
that the mucosal biofilm develops in the neonate, is stable, and is 
recognized as self by the immune system. Thus the invasion of 
this protective biofilm by luminal species evokes an inflammatory 
response leading to the disease state.“ This early work led to the 
first microbiome patent for IBD.” Ott et al.'° used single-stranded 
conformational polymorphism fingerprinting, a technique that is 
very similar to DDGE, to demonstrate a reduction in the abun- 
dance of normal anaerobic species such as Bacteroides and Lacto- 
bacillus in the colonic mucosal biofilm. 

The advent of next-generation sequencing technology in the 
early years of this century has revolutionized microbial ecology 
and human microbiome analysis. For example, the Roche 454 
technology essentially clones 16S ribosomal RNA PCR amplicons 
onto beads using emulsion PCR (PCR inside an oil droplet), 
producing 500,000 sequence reads in one run, dramatically 
increasing the throughput over classic cloning and sequencing 
technology by 5000-fold. One critical patented innovation was 
the development of the sample bar coding strategy” that allows 
the mixing of multiple samples each with a unique barcode, 
running the mixture on the next-generation instrumentation, and 
then sorting the sequences into samples bins.'* Recent technolo- 
gies such as Thermo Fisher Scientific’s Ion Torrent technology and 
Ilumina’s polytomy technology have increased the sequencing 
throughput by several orders of magnitude. At this time, sequenc- 
ing throughput is no longer a bottleneck in human microbiome 
research, and research in the field is impacted now by limitations 
in sample collection, database management, and bioinformatics 
analysis. 

There are several distinct approaches to analyzing the human 
microbiome. The first is to identify the raw 16S ribosomal RNA 
gene sequences by comparing them against bacterial databases and 
then build relative abundance tables. A classic Linnaean system is 
used to identify bacterial species even though many would argue 
that this is somewhat artificial. For example, F. coli belongs to the 
kingdom Bacteria, phylum Proteobacteria, class Gammaproteobac- 
teria, order Enterobacteriales, family Enterobacteriaceae, and genus 
Escherichia. Thus a phylum is a higher level in the taxonomic 
hierarchy with a large collection of related organisms grouped 
together. Thus, in healthy adults, the two most dominant phyla 
in the large intestine are Firmicutes (Gram-positive clostridia) and 
Bacteroidetes (mainly Gram-negative bacteria such as Bacteroides 
fragilis). Computational limitations restrict this approach to algo- 
rithms that can compare millions of sequences against the bacte- 
rial databases. In this context we routinely use the Bayesian 
analysis tool provided by the Ribosomal Database Project’? to 
quickly annotate the raw reads and build relative abundance 


tables. The limitation of this tool is that it identifies taxa only 
down to the genus level, although this is usually sufficient taxo- 
nomic resolution to analyze most projects. 

A second class of tools performs phylogenetic analysis that 
compares the taxa diversity between samples from various clinical 
classes (i.e., control and disease state). The two most popular tools 
are Quantitative Insights Into Microbial Ecology (QIIME)” and 
mothur.”’ Both tools cluster the raw reads, pick representative 
sequences for each cluster to define OTUs, construct relative 
abundance tables, construct a phylogenetic tree from the OTUs, 
and then perform various nonparametric and multivariate analy- 
ses of the data.” One can make functional inferences from the 
taxa abundance tables by linking them to whole-genome annota- 
tions of taxa that have been completely sequenced. One such tool 
is Phylogenetic Investigation of Communities by Reconstruction 
of Unobserved States (PICRUSt),” which builds a relative abun- 
dance table of functional pathways on the basis of the Kyoto 
Encyclopedia of Genes and Genomes database.” Another very 
useful tool that facilitates nonparametric analysis between sample 
classes of both phylogenetic and functional data is linear discrimi- 
nant analysis effect size (LEFSE),” which performs a Kruskal- 
Wallis nonparametric ¢test followed by linear discriminant 
analysis to identify the taxa that have significantly changed 
between classes. Another useful tool is Metasats,* which performs 
Fisher's exact test to determine which differential taxa and is useful 
when there are fewer numbers of sample for each class. 

The third class of tools take a metagenomics approach where 
shotgun sequencing of all of the DNA in a sample is performed, 
reads are identified from genome databases, and taxa abundance 
tables are reconstructed from the identified reads.”*° However, 
questions have been raised about this method that suggest limita- 
tions in its ability to reconstruct accurate relative abundance tables 
because of the ligation bias inherent in the process.” Thus the 
16S ribosomal RNA amplification approach using fusion adapters 
is preferred as the barcodes and adaptors are introduced through 
the PCR process” and not through biased ligation methods.” 

The fourth approach is the use of correlation network analysis” 
and correlation difference network analysis. In the correlation 
network approach, data for the microbiome, immunome, and 
metabolome and quantitative clinical data are combined into 
feature tables for each clinical class (i.e., control or disease state) 
and Spearman correlations are calculated between all features. A 
network is plotted in Cytoscape” to visualize the statistically 
significant correlations, and these are used to develop a hypothesis 
about the interactions between the features from the gut-brain- 
liver-immunome-microbiome axis that we call the metabiome.”' 
Subsequently, a correlation difference network can be created, 
where the Spearman correlations that are significantly different 
between the classes are plotted in Cytoscape. This allows the infer- 
ence of interaction that changes between the clinical classes (i.e., 
what interactions changed between the control state and the 
disease state). 

All biologic ecosystems are dynamic nonlinear systems, and the 
interaction and abundances of the components are constantly 
oscillating. This is especially true of the gut microbiome and 
explains the large variation seen in the relative abundances of taxa 
even in the normal population. To complicate matters further, 
different taxa in the microbiome may be functionally equivalent 
in different individuals, further confounding the analysis of the 
observed nonparametric sparse datasets that are based on simple 
phylogenetic taxa information. Thus the field needs to be moving 
to functional metrics of the system. Additionally, a cross-sectional 
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clinical study of the microbiome ecosystem is subsampling time 
points from these innate ecosystem oscillations.” *° However, we 
hypothesize that the correlation analysis approaches capture the 
signal in these ecologic oscillations, and these correlation methods 
have been used successfully to investigate the metabiome in the 
oral microbiome, the oral mycobiome, the vaginal microbiome, 
and the gut microbiome in various disease states such as HIV 
infection,” ” bacterial vaginosis, ®® cirrhosis,“ and hepatic 
encephalopathy. *°*” 

The final approach that has become popular in the microbiome 
analysis field is the use of machine learning as a prediction tool 
to develop diagnostics. There are several open-source GUI-driven 
packages available, such as Orange and WEKA, to perform the 
modeling, and they have been used in a number of models of 
disease such as IBD*'“* and colorectal cancer.*””° 

In summary, the microbiome field has exploded in the last 
decade since the start of the Human Microbiome Project in 2005, 
with a logarithmic increase in the number of citations of micro- 
biome each year (Fig. 3-1). It has become apparent that the 
human microbiome is implicated in social behavior, reproduction, 
growth, cognition, metabolism, the immune system, and disease. 
Thus the human microbiome is an integral component of the 
human ecosystem and is a major driver of homeostasis. One could 
even say that the human host exists merely to propagate the 
“selfish microbiome.” In the following sections we will review the 
perturbations of the microbiome in liver disease. 


General Principles and the Conceptual 
Construct: the Gut-Liver Axis in Homeostasis 
and Implications for Liver Diseases 


The host-microbe interactions significantly contribute in shaping 
the landscape of normal health and disease. The liver and the 
intestine are integrally linked in regulating the host-microbe inter- 
actions. Together the liver and the intestine form a close nexus 
better known as the gut-liver axis. The human intestinal tract is a 
reservoir of trillions of diverse microorganisms together called the 
microbiota, and their collective genomes are referred to as the 
intestinal microbiome. The human intestinal microbiome has 
coevolved with the host immune system. The intestinal microbi- 
ome influences the development of intestinal immune responses, 
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and these immune responses also reciprocally regulate the struc- 
ture and composition of the intestinal microbiome, demonstrat- 
ing a symbiotic relationship facilitated by quorum-sensing small 
molecules. 

Both the liver and the intestine are constantly exposed to 
myriad products derived from food, medications, toxins, and 
resident microbes. All of these have dynamic variations and can 
cause an exogenously induced shift in the composition of the 
luminal microbiome and its associated functions. Such a change 
can trigger an imbalance promoting dysbiosis and can tip the 
balance from health to disease. Several unique characteristics of 
the liver and the intestine ensure that the diverse microbiota is 
anatomically contained and remains in an appropriate balance 
between tolerance and vigilance to guard against pathobionts and 
opportunistic pathogens. Although numerous factors participate 
in establishing and maintaining this highly regulated homeostasis, 
the structural and functional attributes of the liver and the intes- 
tine such as intestinal barrier and immune tolerance are crucial. 
The subsequent sections highlight the conceptual details about the 
elements orchestrating the homeostatic milieu. 


Intestinal Barrier 


The intestinal tract is the largest mucosal barrier that interfaces 

with the intestinal microbiome. On the surface it appears as a 

physical barrier only, however, it actively participates in key pro- 

cesses involved with host physiology. The intestinal barrier com- 
prises (1) the mucus layer, (2) the single-layer epithelium with 
six cell types—interstitial epithelial cells (enterocytes or colono- 
cytes), microfold cells (M cells), goblet cells, Paneth cells (present 
only in the small intestine), enteroendocrine cells, and stem 
cells—and (3) the lamina propria (Fig. 3-2).’' Each of the cells is 
responsive to and conditioned by the intestinal microbiota. Also, 
the intestinal microbial colonization supports the initiation, 
development, and maturation of the intestinal mucosa and its 
gut-associated lymphoid tissue (GALT), including Peyer patches, 
isolated lymphoid follicles, and mesenteric lymph nodes,” the 
elements central to the innate and adaptive immune responses. 

Together these multiple layers have evolved to orchestrate highly 

specialized barrier defenses incorporating antimicrobial, physio- 

logic, and immune functions that maintain intestinal homeostasis 
and microbial ecology. Their roles are further highlighted below: 

1. The mucus layer: The mucus is formed of mucin glycoproteins 
secreted by the goblet cells. In the small intestine the mucus 
is discontinuous and is less well defined,” presumably to 
support active absorptive requirements. In contrast, the colon 
has thick, double-layered mucus with a dense inner layer 
devoid of bacteria and a loose outer layer in direct contact with 
the microbiota.” The mucus structure thus has a physiologic 
role in shaping the mucosa-associated microbiota by providing 
glycans as a nutrient source in the outer layer, whereas the 
dense inner layer limits the direct contact of these bacteria with 
epithelial cells.” 

2. The epithelium and its specialized cells: The goblet cells, aside 
from their role in mucus production detailed above, produce 
trefoil factors and resistin-like molecule B, which aid in main- 
taining barrier integrity by stabilizing mucin polymers and 
reducing the susceptibility to inflammation.”*”’ Paneth cells are 
exclusively found in the small intestine and are strategically 
located close to epithelial stem cells in the crypt. Paneth cells 
secrete antimicrobial peptides such as defensins and C-type 
lectins, which cross-link with the mucus layer"! and are critical 
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e Fig. 3-2 Intestinal mucosal barrier. The intestinal epithelial barrier consists of a single layer of intestinal 
epithelial cells (IECs) covered by a mucus bilayer. Unlike the outer mucus layer, which is colonized by 
commensal species, the inner mucus layer is mostly devoid of bacteria; it contains immunoglobulin A 
(IgA) and antimicrobial peptides (AMPs) that prevent the commensal species from interacting with the 
surface of the IECs. Yet, few opportunistic bacteria such as segmented filamentous bacteria (SFB) can 
breach the mucus barrier and enter into contact with the IECs. The IEC lineages derived from epithe- 
lial stem cells include enterocytes, mucus-producing goblet cells, hormone-producing enteroendocrine 
cells, AMP-producing Paneth cells at the base of the crypts and, M cells that sample antigens from the 
intestinal lumen to present them to nearby immune cells. A high number of T cells, macrophages, and 
IgA-secreting B and plasma cells are present in the lamina propria and the Peyer patches. In addition, 
CD103*CD11b~ and CD103*CD11b* dendritic cells (DCs) promote the development of T helper type 17 
(Th17) cells and T regulatory cells (Tregs) respectively, whereas CX8CR1* DCs sample the lumen antigenic 
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in containing the microbiota. Whereas defensins target all 
members of the microbiota,” the C-type lectin regenerating 
islet-derived Iy (ReglIIy) is effective in preventing epithelial 
contact by Gram-positive bacteria.’ Importantly, the loss of 
Paneth cells results in increased invasion of the epithelial 
barrier by pathogenic and symbiotic microbes.“ The M cells 
are another type of specialized intestinal epithelial cells. They 
are found in the epithelium of Peyer patches, which transport 
organisms and particles from the intestinal lumen to intraepi- 
thelial immune cells. The dendritic cells (DCs) in the Peyer 
patches access microbes either through the M cells or directly 
from the lumen through transepithelial extension. 

. The lamina propria: The lamina propria is just below the intes- 
tinal epithelia and harbors a rich repertoire of intestinal 
immune cells. The lamina propria also has Peyer patches that 
serve as lymphoid follicles, where naive immune cells differen- 
tiate into a variety of mature immune cell subsets. The DCs 
in the lamina propria coordinate stimulation of B cells in Peyer 
patches to produce IgA,“ which acts as a link between the 
innate and adaptive arms of the immune system. Whereas 


the innate response involves nonspecific IgA that binds to 
microbial surface glycans and causes bacterial agglutination, 
the microbe-specific IgA drives the main adaptive immune 
response in controlling the microbiota.°° The DCs can also 
induce T-cell differentiation or T cell-dependent B-cell matu- 
ration into the germinal centers. Naive T cells (T40 cells) can 
differentiate into effector Ty1, Ty2, or Ty17 cells or into regu- 
latory forkhead box protein 3—positive regulatory T cells or 
type 1 regulatory T cells.°”°* 


. Pattern recognition receptors (PPRs): Toll-like receptors (TLRs) 


and nucleotide-binding oligomerization domain (NOD)-like 
receptors (NLRs), collectively referred to as pattern recognition 
receptors (PRRs), recognize a variety of microbial components 
and, hence, are important in establishing an interface between 
the host and the microbiota. The intestinal epithelial cells 
express PRRs that sense the microbe-associated molecular pat- 
terns expressed by commensal and pathogenic microbes.” The 
recognition of microbe-associated molecular patterns by neo- 
natal intestinal epithelial cells is necessary for stimulation of the 
development of isolated lymphoid follicles and the formation 


of lymphoid structures that are capable of supporting matura- 
tion of B cells and secretion of IgA.””” In a pioneering study, 
mice deficient in TLR signaling or greatly depleted of com- 
mensal bacteria exhibited increased susceptibility to experi- 
mentally induced intestinal inflammation, implicating the role 
of commensal microorganism—dependent signals in the regula- 
tion of intestinal homeostasis and response to injury.” This and 
other studies defined the beneficial roles of intestinal epithelial 
cell-intrinsic TLR signaling through cytoprotective heat-shock 
proteins, epidermal growth factor receptor ligands,”””° and 
trefoil factor 3,” as well as enhanced integrity of apical tight 
junction complexes. Moreover, inflammasomes formed by 
caspase 1 and NLRs in constitutive knockout mouse models 
showed a complex response with inflammation and epithelial 
repair, suggesting dual roles of inflammasomes.””*' Together 
this evidence illustrates that microbial recognition promotes 
intestinal epithelial cell health and function in maintaining 
homeostasis. 

. Tight junctions: Tight junctions are transmembrane protein 
complexes between the epithelial cells and are inherently 
involved in the maintenance of the barrier function.*”*’ They 
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create a selectively permeable barrier that allows paracellular 
nutrient transport and impedes passage of the microbiota and 
its products. The claudins, occludin, and junctional adhesion 
molecules are the three main transmembrane proteins, of 
which claudin is considered to be the main structural compo- 
nent of the tight junctions.” In addition, tight junctions also 
contain a complex system of adaptor molecules and scaffold 
proteins that mediate cross-links between the transmembrane 
proteins and the actin cytoskeletons within epithelial cells. 
Together the tight junctions offer an indispensable second layer 
of barrier protection. 


How Does the Host Maintain Homeostasis With 
Continued Exposure to an Enormous Microbial Load? 

The intestinal barrier actively interacts with the resident intes- 
tinal microbiome and generates a tolerant immune response to 
maintain homeostasis through multiple firewalls. These firewalls 
are broadly constructed along three main domains of compart- 
mentalization, microbial hyporesponsiveness of resident intesti- 
nal macrophages, and immune suppression, and are illustrated 
in Fig. 3-3. 
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e Fig. 3-3 Multiple firewalls limit immune responses against resident intestinal bacteria. Three mecha- 
nisms broadly define the intestine firewalls that limit inappropriate immune responses against commensal 
bacteria. One mechanism involves compartmentalization of the resident bacteria by a thick mucus layer, 
antimicrobial peptides (such as regenerating islet-derived Illy [Regllly]), or secreted immunoglobulin A 
(IgA), which all prevent access of the resident bacteria to the epithelium. Neutrophils can migrate out to 


the intestinal lumen and build intraluminal cellular 


casts that encapsulate commensals, limiting the pen- 


etration of luminal microbes. In contrast to monocytes and macrophages in systemic tissues, intestinal 
macrophages are hyporesponsive to microbial stimuli and produce only limited amounts of inflammatory 
cytokines such as tumor necrosis factor (TNF)-o or interleukin (IL)-12. Furthermore, resident phagocytes 
spontaneously produce antiinflammatory cytokines, such as IL-10. A third mechanism involves active 
suppression of microbe-reactive effector-T-cell responses by forkhead box P3 (Foxp3)-positive induced 
regulatory T (Treg) cells and Foxp8-negative type 1 regulatory T (Tr1) cells via production of IL-10. In 
addition, major histocompatibility complex (MHC) II-positive innate lymphoid cells (ILCs) present bacterial 
antigens, which limits activation of commensal-reactive CD4* T cells. TGF-, Transforming growth factor B. 
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Interactions of the Liver With 
the Intestinal Microbiome 


The liver is a unique organ that modulates host physiology across 
the portosystemic interface through complex metabolic and 
immune regulatory functions. The normal liver can be viewed as 
two closely integrated compartments: the vascular and hepatobili- 
ary systems. The distinct features of the vascular compartment of 
the liver include predominant venous blood supply, receiving 
approximately 70% of it from the intestine via the portal vein. 
Moreover, the liver exhibits a high degree of vascularization, asso- 
ciated with blood flow through highly permeable fenestrated 
endothelia, allowing the hepatic tissue to be in direct contact with 
the bloodstream.*° Consequently, the liver, much like the intes- 
tine, is continually exposed to intestinal-derived products. This 
systemic load to the liver is received by the hepatobiliary compart- 
ment, which comprises parenchymal cells (~80%)—that is, the 
hepatocytes and cholangiocytes—and nonparenchymal cells 
(~20%) such as hepatic stellate cells (HSCs), Kupffer cells, and 
liver sinusoidal endothelial cells (LSECs). The PRRs are expressed 
on many of these cells, which sense the constant influx of these 
microbial-derived products from the intestine and trigger immune 
responses.*”** Additionally, both vascular and biliary systems 
communicate with the extrahepatic cells and tissues. The gut-liver 
axis interactions are further modulated by well-regulated bile 
acid signaling®’ and coordinate a highly complex interorgan 
cross-talk. 

The following section provides a brief overview of the interac- 
tive role of PRRs (TLRs and NLRs) and intestinal microbial 
products, with different hepatic cells. The ensuing innate and 
adaptive immune responses can either lead to tolerance or initiate 
and propagate inflammation, immune dysregulation, and fibrosis. 
Together, these pathologic hallmarks cut across the spectrum of 
most liver diseases of various causes. The TLRs/NLRs are expressed 
in the intestine and the liver. The intestinal regulation of PRRs 
and its implications in host physiology are beyond the scope of 
this chapter, and are reviewed elsewhere.” Further, as discussed 
below, increasing evidence indicates an active role of TLRs/NLRs 
in liver diseases. 


How Is the Intestinal Microbiome 
Related to Liver Disease? 


The liver and the intestine combine to form the largest immune 
system in the body. Both are constantly exposed to foreign anti- 
gens in a variety of forms, which in the context of the current 
chapter relate to the microbiome. It is now well recognized that 
the intestinal microbiome contains 10-fold more cells than the 
total number of human cells and 100-fold more genes than 
the human genome. The gastrointestinal system harbors one of 
the highest concentrations of a microbiome on the planet. The 
symbiotic relationship (mutualistic, commensal, or parasitic) 
between the human host and the intestinal microbiome has 
coevolved and actively contributes to the development and main- 
tenance of homeostasis. For instance, the distribution and com- 
position of the gastrointestinal microbiome is guided by regional 
differences affecting the microbial niche and reflects part of this 
symbiotic relationship (Fig. 3-4).’' In addition to their host- 
mediated effect on microbial assembly, composition, and activi- 
ties, microbial niches are also under intense pressure from other 
surrounding bacteria. Bacteria use sophisticated intercommunica- 
tion systems to help maintain their niches; consequently, 
this microbial network is essential to host homeostasis. These 


microbial relationships can be antagonistic or mutualistic, depend- 
ing on the nature of the species, and are summarized in Fig. 3-5.”! 
Our understanding regarding the functional significance of the 
intestinal microbiome is still in its infancy, although the relation- 


ship between the intestinal microbiome and liver diseases has been 
: 45,92-98 
well established. 


Mucosal and Liver Tolerance 


To better understand the role of the intestinal microbiome in 
relation to liver diseases, it is important to recognize how the 
normal intestine and liver, despite constant exposure to the micro- 
biota and microbial derivatives, are able to maintain a steady-state 
homeostasis. This is due to the phenomena of mucosal and liver 
tolerance. The tolerance is mainly influenced by (1) continual 
low-dose microbial antigen exposure leading to induction of regu- 
latory T cells and (2) high-load exposure resulting in tolerance 
induction preferentially through the mechanisms of anergy and 
deletion. 

The key players involved in the mechanisms for mucosal toler- 
ance relate to (1) GALT through M cells and (2) DCs. On expo- 
sure to the intestinal microbiota and microbial products, GALT 
through M cells senses the message, which is passed on to DCs 
in the lamina propria. DCs are critical for inducing tolerance to 
antigens in the small intestine.” Experimental evidence also sug- 
gests that GALT-associated DCs have a unique capacity to direct 
differentiation of regulatory T cells from forkhead box protein 
3-negative T cells.'° Similarly, recent work suggests that interleu- 
kin (IL)-22—producing innate lymphoid cells help regulate the 
anatomic microbial containment, evident by peripheral dissemi- 
nation of commensal bacteria and systemic inflammation follow- 
ing depletion of innate lymphoid cells, which is prevented by the 
administration of IL-22.'°' The disseminating Alcaligenes species 
originated from the host lymphoid tissues. Also, Alcaligenes is 
associated with systemic inflammation after depletion of innate 
lymphoid cells in mice. Further, Alcaligenes-specific systemic 
immune responses are observed in the serum of pediatric Crohn 
disease patients and plasma of chronic hepatitis C patients. '°' 
Collectively these data indicate that innate lymphoid cells regulate 
selective containment of lymphoid-resident bacteria to prevent 
systemic inflammation associated with chronic diseases. 

In the context of the intestinal microbiome and liver tolerance, 
it is worth revisiting the three specialized resident hepatic antigen- 
presenting cells: (1) Kupffer cells, (2) LSECs, and (3) DCs. The 
Kupffer cells are preferentially located within the sinusoidal vas- 
cular space, predominantly in the periportal area, well suited to 
clear endotoxins from the passing blood and to phagocytose debris 
and microorganisms. Their slow migration along the liver sinu- 
soids causes frequent perturbations and even temporary stasis of 
the sinusoidal blood flow,'”’ thereby facilitating close contact to 
passing lymphocytes and microbial products. The LSECs are the 
predominant nonparenchymal liver cell population (-50%) and 
have a characteristic fenestrated endothelium. LSECs express mol- 
ecules that promote antigen uptake, including the mannose recep- 
tor and the scavenger receptor, and molecules that promote 
antigen presentation, including MHC class I and class II and 
the costimulatory molecules CD40, CD80, and CD86.'°*'™ The 
resident hepatic DCs are typically located around the central 
veins and portal tracts. Resting DCs can inhibit proliferation 
and cytokine production of activated, tissue-infiltrating lym- 
phocytes through cytotoxic T lymphocyte—associated protein 4 
and programmed death ligand 1.'” Although hepatocytes may 
also present antigens to liver-infiltrating T cells, they are more 
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e Fig. 3-4 Regional differences in the gastrointestinal tract affect the microbial niche. In the stomach, 
high pH and high oxygen content restrict microbial colonization. The major phyla do not significantly differ 
from those found further along the gastrointestinal tract but the predominant bacteria (Firmicutes and 
Actinobacteria) as well as the species are distinct. Diversity is thought to be moderate, although this may 
be due to transient organisms. In the duodenum, the stomach acid is neutralized, bile is present, oxygen 
is reduced by facultative anaerobes, and the host epithelium produces a mucus layer. Most starches have 
been digested into monosaccharides and disaccharides, which are progressively absorbed throughout 
the small intestine. These factors result in a microbiota dominated by Proteobacteria and Firmicutes such 
as Lactobacillales with low bacterial load and diversity. Alternatively, host-indigestible polysaccharides 
promote the growth of Bacteroidetes and Firmicutes such as Clostridiales in the colon, where diversity 
and bacterial load are high. In addition to these factors, the intestinal barrier and immune system affect 
which microbes can survive in the gut but do not appear to be region dependent. 


commonly regarded as targets for cellular immune responses, and 
their role in the induction of primary immune responses, although 
suggested,” is still less clear. 

How do the specialized resident hepatic antigen-presenting 
cells (Kupffer cells, LSECs, and DCs) induce endotoxin tolerance? 
As the liver is continually exposed to low levels of gut-derived 
endotoxins, some proposed mechanisms for promoting tolerance 
include release of inhibitory factors such as programmed death 
ligand 1, cytotoxic T lymphocyte—associated protein 4, and pros- 
taglandin E, by Kupffer cells and DCs. Also, the uninflamed liver 
provides a tolerogenic microenvironment by secreting immuno- 
suppressive factors such as IL-10, transforming growth factor B 
(TGF-B), retinoic acid, and prostaglandin E,. Further, the natural 


killer cells and natural killer T cells are either suppressed or pro- 
grammed to exert antiinflammatory properties by secreting IL-4. 
Moreover, the interaction with adaptive lymphocytes favors 
induction of tolerogenic T-cell responses or deletion of autoreac- 
tive T cells. 


Liver and Pattern Recognition Receptors 


As alluded to earlier and extensively discussed in previous sections, 
the liver continually experiences low-grade exposure to the intes- 
tinal microbial products. These microbial components are sensed 
by the resident hepatic antigen-presenting cells, which also express 
the PRRs, notably TLRs. Briefly, the TLRs recognize pathogen- 


associated molecular patterns'””'®® and participate in the innate 
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e Fig. 3-5 Bacteria use a complex communication network to thrive in an environment. Bacteria 
interact through combative (A-C) and cooperative (D-F) methods. (A) Antimicrobial peptides (AMPs) typi- 
cally released after cell lysis either kill or inhibit growth of surrounding microbes. (B) Contact-dependent 
growth inhibition (CDI) systems deliver the toxic C-terminal end of CdiA into the cytoplasm of target cells 
after contact. (C) The type 6 secretion system (T6SS) forcefully injects toxins into attacking bacteria. 
Bacteria cooperate by increasing survival of similar microbes in their vicinity with (D) horizontal gene 
transfer (HGT) and (E) the formation of a protective biofilm. (F) Quorum sensing (QS) allows bacteria to 
talk and coordinate group behavior, and has been implicated in T6SS expression, production of AMPs, 
and biofilm formation. However, several of these mechanisms have not been observed in the healthy 
human intestinal tract. Red squares represent AMPs, blue triangles represent T6SS toxin, and yellow stars 


represent QS signaling molecules. 


and adaptive immune responses of the liver generally favoring 
tolerance.*'''' In addition to resident hepatic antigen- 
presenting cells (Kupffer cells, DCs, and LSECs), other liver cells 
such as hepatocytes and HSCs also express TLRs. Of the 13 
identified mammalian TLRs, humans express TLR1 to TLR10. A 
general overview of the TLRs, their ligands, and their downstream 
signaling pathways is provided in Fig. 3-6, which clearly illustrates 
how different microbial components interact with the TLRs and 
NLRs. Most TLRs are membrane associated but some (TLR3, 
TLR7, TLR8, and TLR9) are intracellular. The classic danger 
sensing receptor TLR4 recognizes endotoxin lipopolysaccharide 
(LPS) and binds with coreceptor CD14 and myeloid differentia- 
tion protein 2.'°*''* TLR2 heterodimerizes with TLR1 or TLR6 
and is essential for the recognition of a variety of pathogen- 
associated molecular patterns from Gram-positive bacteria, 
including bacterial lipoproteins, lipomannans, and lipoteichoic 
acids.'°*''” Bacterial flagellin binds to TLR5. TLR9 is required for 
response to unmethylated CpG DNA. Also, TLR7 and TLR8 
recognize small synthetic antiviral molecules, and their natural 
ligand is single-stranded RNA." TLR3 acts via a retroviral 
double-stranded RNA ligand. TLR3 is the only TLR that activates 
the toll-IL-1 receptor domain-containing adapter inducing 
interferon-B (TRIF)-dependent interferon signaling pathway. In 
contrast, all other TLRs use the myeloid differentiation primary 
response gene 88 (MyD88)-dependent pathway that activates 


nuclear factor KB (NF-«B). The bacterial peptidoglycans can 
interact with either cell surface or intracellular PRRs. The cell 
surface recognition of peptidoglycan is facilitated by membrane- 
bound CD14 and TLR2, whereas the intracellular recognition of 
peptidoglycan is mediated by two members of the NLR family, 
NOD1 and NOD?2.'” 

Together the intestine and liver through specialized cells and 
PRRs mediate a tolerant response to the microbiota and intestinal 
microbial products. The innate and adaptive immune mechanisms 
initially favor a more immunoregulatory response to achieve 
homeostasis but can also result in host tissue damage. 


Microbiota, Hepatic Inflammation, and Fibrosis 

Inflammation and fibrosis are the two hallmarks of chronic liver 
diseases of any underlying cause (viral hepatitis, alcohol abuse, 
nonalcoholic steatohepatitis [NASH], metabolic disorder or cho- 
lestasis, etc.). The liver is the first site to encounter delivery of the 
intestinal microbiome and microbial products, and as such is 
enriched with immune cells. The innate immune response through 
activation of PRRs initially promotes inflammation to limit injury 
and infection. The cross-talk between these innate immune cells 
and the resident hepatic parenchymal and nonparenchymal cells 
can influence recovery, cell injury, or cell death. Cell injury and 
cell death can further perpetuate an inflammatory cascade through 
damage-associated molecular patterns, often referred to as sterile 
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e Fig. 3-6 Toll-like receptors and downstream signaling pathways. IFN, Interferon; IL, interleukin; /PS-1, 
interferon-B promoter stimulator; /RF3, interferon regulatory factor 3; LPS, lipopolysaccharide; MyD88, 
myeloid differentiation primary response gene 88; NF-«B, nuclear factor xB; NOD, nucleotide-binding 
oligomerization domain; RIG-I, retinoic acid-inducible gene |; ssRNA, single-stranded RNA; TGF, trans- 
forming growth factor; TLR, toll-like receptor; TNF tumor necrosis factor; TRIF, toll-interkeukin-1 receptor 


domain-containing adapter inducing interferon-B. 


inflammation. Accordingly, these interactions can affect the devel- 
opment of acute and chronic liver diseases. The subsequent sec- 
tions focus on the role of the intestinal microbiota as a driver of 
hepatic inflammation and fibrosis. 


The Intestinal Microbiota as a Mediator 
of Hepatic Inflammation 


‘The intestinal microbiota is a generous source that can trigger and 
maintain hepatic inflammation. As detailed earlier, the interac- 
tions of the microbial components and products with parenchy- 
mal and nonparenchymal hepatic cells that express PRRs can 
result in activation and secretion of various inflammatory 
mediators: 

1. The intestinal microbiota induces hepatic inflammation via TLRs: 
Several hepatic cells execute TLR-mediated response. The best 
described and probably the most important in the context of 
hepatic inflammation is the TLR4 pathway. LPS is the major 
structural component of the outer wall of all Gram-negative 
bacteria. TLR4 requires association with LPS-binding protein, 
CD14, and myeloid differentiation protein 2 to recognize 
LPS. On TLR4 ligation, the intracellular domain of TLR4 
recruits toll-IL-1 receptor domain—containing adapter protein 
and MyD88 for MyD88-dependent signaling, and TRIF- 
related adaptor molecule bridges TRIF for MyD88-independent 
signaling. The Kupffer cells are crucial in this cascade and are 
among the first to encounter gut-derived toxins, including 
LPS. The Kupffer cell TLR4 and LPS binding activates NF-«B, 
mitogen-activated protein kinase, extracellular signal-regulated 
kinase 1, p38, c-Jun N-terminal kinase, and interferon 
regulatory factor 3, triggering production of proinflammatory 


cytokines and type I interferon. These proinflammatory stimuli 
contribute to enhanced hepatocyte damage and increased leu- 
kocyte infiltration, thereby amplifying liver injury.''° At the 
same time, cell death is the most important trigger for leuko- 
cyte infiltration and inflammation.''® Together the result is a 
vicious cycle of perpetuating inflammation, cell injury, and cell 
death. 

Other TLRs and nonparenchymal cells are less prominently 
involved in contributing to hepatic inflammation. In an 
experimental model, CpG-containing DNA through TLR9- 
mediated signaling induced IL-1B production by Kupffer 
cells.” More recently, in a murine model, overactivation of 
TLRS signaling by high-dose flagellin caused acute inflamma- 
tory responses, neutrophil accumulation, and oxidative stress 
in the liver, which contributed to the progression and severity 
of flagellin-induced liver injury. Although LSECs express 
TLR4 and its activation can result in the production of NF-KB- 
induced tumor necrosis factor (TNF-a) and reactive oxygen 
species,''” the LPS-mediated LSEC damage is reduced in 
Kupffer cell-inactivated animals, suggesting a limited direct 
role of TLR4 in LSECs in vivo.'” This evidence clearly sup- 
ports the role of the intestinal microbiota in hepatic inflam- 
mation mediated through TLR signaling. 

2. The intestinal microbiota induces hepatic inflammation via 
NOD-like receptors: The intracellularly located NLRs can 
interact with pathogens through either pathogen-associated 
molecular patterns or endogenous danger signals through 
damage-associated molecular patterns, and can trigger hepatic 
inflammation through a cytosolic multiprotein complex called 
the inflammasome. The inflammasome consists of an NLR 
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(absent in melanoma 2 in response to cytoplasmic double- 
stranded DNA), the adapter molecule apoptosis-associated 
specklike protein containing a caspase-associated recruitment 
domain (ASC), and the effector procaspase 1. The inflamma- 
some serves as a platform for activation of caspase 1 which in 
turn results in the maturation of proinflammatory cytokines, 
predominantly IL-1B.'*' Activation of the inflammasome is a 
two-step process in which the priming step (injury, infection, or 
sterile inflammation) results in up-regulation of inflammasome 
expression and the second step triggers functional inflamma- 
some activation by an inflammasome activator. A mechanistic 
overview of NLR family pyrin domain—containing 3 (NLRP3) 
activation in response to microbial infection is illustrated in 
Fig. 3-7.'” In endotoxin-induced liver injury, LPS is a potent 
inducer of messenger RNA expression of all inflammasome 
components (NLRP3, ASC, caspase 1, and pannexin 1), pro- 
IL-1B, and pro-IL-18 via NF-KB activation. Together 
these observations indicate the role of intestinal microbiota 
and microbial product—related hepatic inflammation mediated 
through inflammasome activation in liver diseases. 


The Intestinal Microbiota as a Mediator 

of Hepatic Fibrosis 

Hepatic fibrosis is the most important determinant of liver disease 
progression and is a highly conserved response to liver injury 
irrespective of the cause. The mechanisms of development and 


progression of fibrosis are covered in detail in Chapter 5. The most 
important participants in fibrogenic response are the HSCs. The 
cellular cross-talk in the perturbed hepatic microenvironment, 
which is generally proinflammatory, influences their activation 
and survival of activated HSCs. Pertinent to the current chapter, 
the role of the intestinal microbiota and microbial products as an 
important factor in fibrosis will be covered. As discussed earlier, 

HSCs provide a link between the gut and the liver through their 

high expression of TLRs, which can participate in HSC activation 

and fibrosis.” 
How can HSCs and TLR signaling contribute to hepatic fibro- 
sis? The two main mechanisms proposed are: 

1. TLR4-induced chemokines: Following interaction between 
HSCs and TLR4, there is increased expression of chemokines 
(monocyte chemotactic protein 1, macrophage inflamma- 
tory protein 10, macrophage inflammatory protein 1B, and 
RANTES) and adhesion molecules (intercellular adhesion mol- 
ecule 1, vascular cell adhesion molecule 1, and E-selectin).'”’ 
Moreover, HSC-derived monocyte chemotactic protein 1 and 
RANTES act in an autocrine manner to activate HSCs." 
122 Genetic or pharmacologic inhibition of chemokines 
(RANTES, monocyte chemotactic protein 1) or chemokine 
receptors (CCR1, CCR2, CCRS5) reduces liver fibrosis. 61 

2. Cross-talk between TLR4 and TGF-B signaling. TGF-B is a 
potent fibrogenic cytokine that activates HSCs and induces 
liver fibrosis. In quiescent HSCs, bone morphogenetic protein 
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e Fig. 3-7 Mechanism of nucleotide-binding oligomerization domain-like receptor family pyrin 
domain-containing 3 (NLRP3) activation in response to pathogen infection. Casp-11, Caspase 11; 
DAMP. damage-associated molecular pattern; IL, interleukin; MAPK, mitogen-activated protein kinase; 
MyD88, myeloid differentiation primary response gene 88; MPT, mitochondrial permeability transition; 
NF-«B, nuclear factor xB; PAMP pathogen-associated molecular pattern; ROS, reactive oxygen species; 
TLRs, toll-like receptors; TXNIP. thioredoxin-interacting protein. 


and activin membrane-bound inhibitor (BAMBI), an endog- 
enous decoy receptor of TGF-B receptor, is highly expressed, 
and directly interacts with Smad7 to interfere with the associa- 
tion between type I and type II TGF-B receptors and Smad3, 
inhibiting TGF-B signaling.'*”'** In contrast, HSCs are acti- 
vated following TLR4 stimulation because of down-regulation 
of BAMBI in an MyD88- and NF-«B-dependent manner.'”” 
Moreover, TLR4, by stimulating LSECs directly or indirectly, can 
promote portal hypertension and angiogenesis through fibronec- 
tin production from HSCs.'*”'*° Clinically, the presence of inhibi- 
tory TLR4 single-nucleotide polymorphism is associated with 
decreased fibrosis in hepatitis C patients.” Together the available 
evidence illustrates a link between HSCs, the intestinal microbi- 
ota, and microbial products through TLR signaling. 


Germ-Free Models: Implications for 
the Intestinal Microbiome, the Intestine, 
and the Liver 


The presence or absence of microbes can substantially impact the 
developmental and physiologic aspects of the intestinal barrier 
and can potentially affect liver disease. Although such evidence 
stems from data in germ-free animal models, it provides valuable 
insights into the role of the intestinal microbiome in modulating 
the intestinal barrier. This relationship, however, will be hard to 
replicate as a causal association in humans. The simplified micro- 
bial ecosystems can be established in small animals reared in a 
sterile environment (special positive-pressure isolators that main- 
tain a germ-free environment) to study the effect of eubiosis and 
dysbiosis on host immune function and physiology. > The impact 
on liver disease in germ-free mice compared with conventional 
mice is not as well defined. Available data, however, point toward 
two pieces of evidences in germ-free mice: (1) the liver regenera- 
tion is depressed after partial hepatectomy, possibly because of 
reduced response to endotoxin-mediated cytokine release,” and 
(2) increased toxin-induced liver fibrosis, oxidative stress and cell 
death, which is accompanied by increased activation of HSCs 
without significant changes in the hepatic mediators of inflamma- 
tion, suggesting that the commensal microbiota is actually hepa- 
toprotective and prevents liver fibrosis in mice.'*” Together this 
evidence from germ-free mouse models clearly underlines the 
important role of the intestinal microbiome in establishing and 
maintaining gut-liver axis homeostasis. 


Role of the Intestinal Microbiome 
in Specific Liver Diseases 


Liver diseases are related to various underlying specific causes, 
such as viruses, autoimmune disorders, alcohol abuse, and obesity, 
and generally progress to a final common pathway of advanced 
liver disease or cirrhosis. In humans, a temporal relation to the 
shift in the microbiome with disease development and progression 
together with the role of the intestine is difficult to demonstrate 
and reproduce. However, promising experimental evidence sug- 
gests that the liver may act as a firewall mediating mutualism 
between the host and the intestinal commensal microbiota.” The 
main findings in that study support the primary role of Kupffer 
cells in handling the commensal hepatic bacterial load from sys- 
temic and mesenteric vasculature. Also, the data indicate that 
not only the spleen but also the liver is important in clearing 
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systemic bacteremia. In the animal models of cirrhosis, com- 
partmentalization of commensal intestinal microbes is defective, 
which spontaneously increases systemic immune responses to resi- 
dent commensals without intestinal challenge or overt intestinal 
disease.” This is associated with increased serum immunoglobulin 
responses to intestinal commensals in mice with liver dysfunction. 
Similarly, in human patients, systemic immune responses to com- 
mensals are observed early in the course of fatty liver disease long 
before cirrhosis has developed. Collectively these observations 
point to the integral role of the liver sinusoids, resident Kupffer 
cells, and portal vein and hepatic artery blood, acting as a func- 
tional vascular firewall against microbes. The subsequent sections 
cover the association of the intestinal microbiome with different 
liver diseases. 


Obesity and the Intestinal Microbiome 


Obesity is most notably related to nonalcoholic fatty liver disease 
(NAFLD) and can also cause other liver diseases. The emerging 
evidence suggests a potential causal relationship between the intes- 
tinal microbiome and obesity. This is supported by animal studies, 
including those of humanized mice where fecal transplant induces 
obesity. Two main observations from experimental and human 
studies further suggest that obesity is associated with (1) a lower 
ratio of the phylum Bacteroidetes to the phylum Firmicutes“ 
and (2) decreased bacterial diversity. “4 However, other studies 
either dispute or contradict such an association between the Bac- 
teroidetes to Firmicutes ratio and obesity."“*'“* A recent analyses 
from the Human Microbiome Project and MetaHIT data 
reflect the following: (1) the ratio of Bacteroidetes to Firmicutes is 
not associated with obesity or body mass index (BMI; Fig. 3-8, 
A); (2) there is no relationship between BMI and the phylum-level 
composition of the microbiome (Fig. 3-8, B); (3) there is no 
association between intestinal microbiome diversity and BMI; 
and (4) the effects of obesity on the relative abundance of Bacte- 
roidetes and Firmicutes are not consistent across studies (Fig. 3-8, 
C). Moreover, interstudy variability far exceeds the differences in 
composition between lean and obese individuals within any study. 
These results suggest that there is no simple relationship between 
BMI and the microbiota, and that significant technical and clini- 
cal differences exist between published studies. 

How does obesity influence intestinal barrier function and 
microbiota composition? In the lean physiologic state, the three 
crucial steps for homeostasis are (1) a preserved intestinal barrier, 
(2) preserved intestinal microbiota diversity or eubiosis, and (3) 
a tolerogenic immune milieu through PRR responses to microbe- 
associated molecular patterns, including secretion of antiinflam- 
matory mediators such as IL-25, IL-33, and TGF-B (Fig. 3-9).'”° 
In contrast, a diet high in saturated fats and cholesterol disrupts 
intestinal permeability, causes dysbiosis, and induces inflamma- 
tory responses, resulting in systemic and hepatic changes (Fig. 
3-10). In summary, although the available evidence implicates 
the microbiome in obesity, given conflicting data on microbiome 
composition, the causal relationship should be viewed carefully 
and merits further critical evaluation. 


The Intestinal Microbiome and 
Nonalcoholic Fatty Liver Disease 


NAFLD is increasingly recognized as the leading cause of liver 
disease globally. The complex mechanisms involved in the patho- 
physiology of NAFLD and its two broad spectrums—nonalcoholic 
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fatty liver and NASH—are covered in Chapter 25. Pertinent 
to this chapter, the association of the intestinal microbiome 
with NAFLD in humans will be covered, followed by a focused 
review of our current understanding of the mechanistic and 
functional implications of changes in the intestinal microbiome 


in NAFLD. 


Human Studies 
Six human studies specifically investigating the association of the 
intestinal microbiome in NAFLD have been published, all except 
one being in adults. The changes in the intestinal microbial com- 
position differ among the studies, and some are even discordant 
and not generalizable. This is possibly attributable to differences 
in the study populations and methods, inconsistent disease clas- 
sification, and relatively small sample sizes. A brief overview of 
the changes in the intestinal microbial composition has been 
provided.” Some relevant details about these studies are high- 
lighted as below. 

In the first human study, a choline-deficiency diet induced 
fatty liver with a shift in the microbial community profiles. Most 
notably, higher baseline levels of the phylum Proteobacteria, 
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Bacteroidetes: Firmicutes ratio 


specifically the class Gammaproteobacteria, correlated with lower 
risk of developing fatty liver, whereas higher baseline levels of the 
class Erysipelotrichia (phylum Firmicutes) correlated with higher 
risk of fatty liver as assessed by magnetic resonance imaging and 
not histology.’ In a recent pediatric study, obese children and 
biopsy-proven NASH patients had significantly decreased abun- 
dance of the phylum Firmicutes and significantly increased abun- 
dance of the phylum Bacteroidetes, with abundant genus 
Escherichia.” Also, NASH children had increased endogenous 
ethanol production. Further, no significant change in endotoxin 
levels was reported in a separate study on the same group of 
NASH patients.’ Together, the data suggest that endogenous 
ethanol may be more relevant in pediatric NASH, possibly inde- 
pendent of endotoxin. Recently, in a study of biopsy-confirmed 
adult patients with NASH, there was increased abundance of 
Clostridium coccoides and decreased abundance of fecal Bacteroide- 
tes, independent of BMI and daily fat intake.'” In another study, 
adult patients with clinically defined NAFLD without histology 
when compared with nonobese healthy individuals demonstrates 
increased proportions of the families Lachnospiraceae and Lacto- 
bacillaceae and a lower proportion of the family Ruminococcaceae, 


32 
26 
= 
m 
24 
22 
20 
0 20 40 60 80 100 
Percentage of total 
E Firmicutes E Actinobacteria E Bacteroidetes 
E Proteobacteria W Fusobacteria Other/Uncl. 
B 


e Fig. 3-8 A, There is no association between body mass index (BMI) and the Bacteroidetes/Firmicutes 
ratio in Human Microbiome Project (HMP) stool microbiomes. B, There is no relationship between BMI 
and the phylum-level composition of the microbiome. Each row shows the relative abundance of major 
gut bacterial phyla in an individual. Individuals are ordered according to their BMI. 
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e Fig. 3-8, cont'd C, The between-study variability in the relative abundance of Bacteroidetes and Fir- 
micutes is greater than the within-study differences between lean and obese individuals. All o values were 
obtained by at test. AA, African Americans; EA, European Americans; HMP Human Microbiome Project; 


Uncl., unclassified; V, variable region. 


and had elevated levels of fecal volatile compounds.” Given the 
absence of obese controls and histology, the effect of BMI and 
distinct profile for NASH could not be ascertained. 

A very recent study demonstrates that the severity of NAFLD 
is associated with gut dysbiosis and a shift in the metabolic func- 
tion of the gut microbiota.’ In patients with NASH, there is 
increased abundance of Bacteroides and Ruminococcus and a 
decreased proportion of Prevotella. Bacteroides is independently 
associated with NASH and Ruminococcus is independently associ- 
ated with significant fibrosis. Further, a significant relationship 
between dysbiosis and carbohydrate, lipid, and amino acid 


metabolism is observed on Kyoto Encyclopedia of Genes and 
Genomes pathway analysis. Thus gut microbiota analysis adds 
information to classic predictors of NAFLD severity and potential 
metabolic targets for prebiotic/probiotic therapies. Together these 
human studies demonstrate measureable differences in the micro- 
biome in NAFLD and NASH, but because of the great variability 
in study design, methods, and clinical end points, it remains chal- 
lenging to interpret the clinical significance of intestinal dysbiosis. 
Further work is needed to explore the mechanisms, pathologic 
significance, and diagnostic and therapeutic potential of the intes- 
tinal microbiome in the context of human NAFLD. 
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e Fig. 3-9 Changes to the gut microbiota and intestinal barrier function during obesity. Under normal 
physiologic conditions, in the lean state, the gut microbiota is highly diversified. The intestinal barrier 
prevents pathogenic bacteria from penetrating the gut by the production of mucin by goblet cells, anti- 
microbial peptides (AMPs), and secreted immunoglobulin A (IgA; (sIgA). Intestinal epithelial cells produce 
tolerogenic responses to microbe-associated molecular patterns (MAMPs) of commensal bacteria bound 
to pattern recognition receptors (PRRs) by secreting antiinflammatory mediators, including interleukin 
(IL)-25, IL-33, transforming growth factor B (TGF-B), and thymic stromal lymphopoietin (TSLP). Some PRR 
signaling pathways important to eubiotic homeostasis include toll-like receptor (TLR) 5 and nucleotide- 
binding oligomerization domain (NOD) 2. During obesity, consumption of a high-fat diet decreases the 
diversity of the gut flora and imbalances the ratio of bacterial species. Feeding of a high-fat diet also 
reduces the production of mucin and other antimicrobial factors, which allows easier penetration of bac- 
teria past the gut barrier. Invasive bacteria and bacterial products trigger innate NOD-like receptor and 
TLR signaling, specifically TLR4, NOD1, and, possibly, NOD-like receptor family pyrin domain-containing 
3 (NLRP9), to induce inflammatory responses. Binding of MAMPs of invasive bacteria to PRRs on the 
basal side of the Intestinal epithelial cell, in Conjunction with inflammasome activation, promotes the 
release of proinflammatory cytokines, including IL-1B, IL-6, IL-12, and IL-18. In addition to IL-1B, another 
proinflammatory cytokine, interferon-y (IFNy), produced by immune cells in response to the inflammatory 
milieu, weakens the epithelial barrier by decreasing expression or misplacement of tight junction proteins 
(zonula occludens 1 and occludin). A weakened gut barrier allows leakage of bacterial products such as 
lipopolysaccharide (LPS) across the barrier and into the systemic circulation. High levels of LPS and 
bacterial products cause endotoxemia and systemic inflammation that worsen metabolic disease. 


Functional and Mechanistic Insights From 
the Intestinal Microbiome in NAFLD 


‘The potential mechanisms for how the intestinal microbiome may 
contribute to NAFLD include: 
1. Endotoxemia: Bacteria-derived toxins such as LPS activate 


2. Lipogenesis and energy harvest: Dysbiosis can increase fermen- 
tation of undigested carbohydrates to short-chain fatty acids 
(SCFAs) such as acetate and propionate, which can have 
important roles in hepatic lipogenesis and gluconeogenesis, 
respectively. 7! Moreover, acetate can also be used as a 


TLR4- and TLR9-mediated proinflammatory cytokine pro- 
duction modulated by hepatic immune response, promoting 
hepatocellular inflammation; 


cholesterol or fatty acid precursor.” Thus SCFAs can poten- 
tially account for approximately 30% of hepatic energy 
supply.’ Hence changes in microbiota that favor SCFA 
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e Fig. 3-10 Diet-induced microbiota and gut inflammatory changes as the initiators of metabolic 
disease in a multiorgan system. The ingestion of saturated fatty acids and cholesterol from high-fat or 
Western diets alters the composition of the gut microbiota, leading to dysbiosis. Dysbiosis favors the 
reduction of bacterial species that produce metabolites with antiinflammatory properties, such as short- 
chain fatty acids (SCFAs), which, in turn, promotes inflammatory immune changes within the intestine. In 
addition, these microbial changes can trigger the innate immune system and activate toll-like receptors 
(TLRs) and nucleotide-binding oligomerization domain—-like receptors (NLRs) on Intestinal epithelial cells 
or innate immune cells to promote inflammation within the gut. The secreted proinflammatory mediators 
weaken the intestinal barrier, increasing intestinal permeability to luminal microbial or dietary components. 
Leakage of these components promotes inflammatory responses governed by innate and adaptive 
immune cell populations within the gut and leads to a state of low-grade chronic gut inflammation. Pro- 
inflammatory cytokines, including interferon-y (IFNy) and interleukin-1B (IL-1), produced by immune cells 
or intestinal epithelial cells can increase gut permeability. Inflammatory cytokines may also alter the levels 
of gut hormones produced by intestinal cells, which affects the lowering of systemic blood glucose levels. 
Furthermore, leaked amounts of luminal microbial and dietary components enter the circulation to induce 
systemic and metabolic tissue inflammation. These components can transit to the liver to alter glucose 
production and increase inflammation, steatosis, and insulin resistance. Microbial and dietary components 
from the gut also leak into the visceral adipose tissue (VAT) to worsen tissue inflammation and insulin 
sensitivity, which can, in turn, increase free fatty acid (FFA) and proinflammatory cytokine production by 
VAT. FFAs may traffic to the liver and promote further inflammation. Leakage or intolerance of soluble 
luminal antigens within the gut decreases oral tolerogenic responses in the mesenteric lymph nodes 
(MLNs) and, in turn, promotes inflammatory responses in the gut. Together, inflammatory changes in the 
gut induced by a high-fat diet (HFD) interact with multiple organs to ultimately worsen downstream meta- 
bolic disease. 


production can increase energy delivery to the liver and reduce 
fecal energy loss. Conventionalization of adult germ-free (GF) 
C57BL/6 mice with a normal microbiota harvested from the 
distal intestine (cecum) of conventionally raised animals pro- 
duces a 60% increase in body fat content and insulin resistance 
within 14 days despite reduced food intake. This is associated 


with selective inhibition of fasting-induced adipocyte factor in 
the intestine, which is a circulating lipoprotein lipase inhibitor. 
This selective inhibition leads to lipoprotein lipase activation 
in adipose tissue and the liver, with resultant twofold increase 
in hepatic triglyceride content.'”’ Dysbiosis also increases 
free fatty acid and carbohydrate absorption associated with 
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up-regulation of carbohydrate response element—binding 
protein and sterol regulatory element-binding protein 1c.’ 
Together these facilitate increased production and deposition 
of triglycerides in adipocytes and liver-promoting lipogenesis. 

3. Modulation of choline metabolism (which is required for very 
low density lipoprotein synthesis and hepatic lipid export). 

4, Modulation of bile acid homeostasis: Bile acids are important 
cell signaling molecules and can activate multiple pathways 
regulating lipid metabolism, carbohydrate metabolism, and 
inflammatory response (see Chapter 2 for more details). 

5. Generation of endogenous ethanol that can cause a dual insult: 
(1) by facilitating disruption of intestinal tight junctions, 
thereby increasing hepatic endotoxin delivery, and (2) by a 
direct effect in causing hepatic oxidative stress and inducing 
liver inflammation. 

The schematic overview in Fig. 3-11 recapitulates these 

mechanisms.’ 


Although several animal studies have explored the role of 
the intestinal microbiome and NAFLD, a couple deserve brief 
mention. Intestinal dysbiosis in inflammasome-deficient (NLRP3 
and NLR family pyrin domain—containing 6) mice led to increased 
influx of LPS and bacterial DNA to the liver, stimulating TLR4 
and TLR9 respectively, and leading to enhanced hepatic TNF-o 
expression, which drives NASH progression.'®’ In another study, 
leveraging the observations that persons who eat a high-fat diet 
(HFD) develop weight gain and that only a subset develop hyper- 
glycemia and insulin resistance (labeled metabolic responders), the 
risk of developing NAFLD was transmissible by fecal transplant 
to recipient mice. The metabolic responder receiver mice had 
more pronounced hepatic steatosis, hyperglycemia, and insulin 
resistance than the nonresponder receivers despite similar weight 
gain.'°' These animal studies therefore illustrate the functional 
aspects of the intestinal microbiome along the pathophysiologic 
domains of NAFLD. 
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e Fig. 3-11 Effects of the intestinal microbiota on nonalcoholic fatty liver disease and progression to 
steatohepatitis. A high-fat diet (HFD) results in dysbiosis and intestinal bacterial overgrowth. Alterations 
in the intestinal microbiota increase energy extraction and fermentation of dietary fibers into oligosac- 
charides, monosaccharides, and short-chain fatty acids (GCFAs). Dietary choline is metabolized by the 
intestinal microbiota to trimethylamine (TMA), resulting in choline deficiency. Hepatic choline deficiency 
results in decreased very low density lipoprotein (VLDL) efflux, producing hepatic steatosis. Changes in 
the microbiota also produce ethanol (EtOH), which is absorbed and metabolized in the liver. The intestinal 
microbiota suppresses gene expression of fasting-induced adipocyte factor (Fiaf) in intestinal epithelial 
cells, resulting in enhanced activity of lipoprotein lipase (LPL) and increased levels of free fatty acids (FFAs). 
Nucleotide-binding oligomerization domain—like receptor family pyrin domain-containing 3 and 6 (NLRP3/6) 
regulate microbial composition via changes of the effector protein interleukin-18 (IL18). Dysbiosis, in turn, 
causes chemokine (C-C motif) ligand 5 (CCL5)-mediated disruption of tight junctions in enterocytes. 
Increased intestinal permeability leads to translocation of microbial products to the liver and causes 
inflammation by activating toll-like receptors. NAFLD, Nonalcoholic fatty liver disease; NASH, nonalcoholic 
steatohepatitis. 
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The Intestinal Microbiome and 
Alcoholic Liver Disease 


Alcoholic liver disease (ALD) is one of the most common liver 
diseases worldwide, often associated with excessive alcohol intake 
over a prolonged period. Emerging data even suggest the deleteri- 
ous effects of short-term binge drinking on the liver. The spectrum 
of ALD spans from more benign steatosis and steatohepatitis to 
more aggressive and progressive disease states such as acute alco- 
holic steatohepatitis, alcoholic fibrosis, and cirrhosis. Alcohol and 
its metabolites are hepatotoxic and can influence several patho- 
physiologic pathways, which are extensively covered in Chapter 
22. Among these, endotoxemia and Kupffer cell activation are 
central to ALD pathogenesis and most relevant in the context of 
the intestinal microbiome. In subsequent sections, the emphasis 
is on the underlying mechanisms and key findings from animal 
and human studies to foster our understanding related to the 
intestinal microbiota and ALD. 


Alcohol 
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What are the potential mechanisms involved in intestinal 
microbiome-related ALD? Consistent with the conceptual frame- 
work of intestinal microbiome-related liver disease, long-term 
and short-term alcohol binge can produce three major effects: (1) 
intestinal dysbiosis, and associated metabolic/functional effects, 
(2) changes in intestinal barrier and function, and (3) immune 
response to microbial products through PRRs. The important 
facets pertinent to our current understanding of the mechanisms 
are illustrated in Fig. 3-12.'° 


Intestinal Dysbiosis in Alcoholic Liver Disease 


Intestinal dysbiosis is an imbalance in the intestinal microbiome 
either qualitatively and/or quantitatively (intestinal bacterial over- 
growth) that perturbs symbiosis.'®’ Several animal studies demon- 
strate changes in intestinal microbial abundance with alcohol 
consumpton.'**'®” In the Tsukamoto-French mouse model of 
ALD, long-term alcohol consumption increased small intestinal 
and cecal bacterial load and also produced qualitative changes in 
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e Fig. 3-12 Gut-liver axis in alcoholic liver disease. Alcohol consumption, both short-term binge and 
long-term consumption, directly affects the gut intestinal barrier at multiple levels, including tight junctions 
between gut epithelial cells, production of mucin, and recruitment and activation of inflammatory cells to 
the intestinal wall. In addition, the composition of the gut microbiome changes as a result of alcohol 
consumption. These changes result in increased translocation of microbial products from the gut to the 
liver through the portal circulation. In addition to increased levels of lipopolysaccharide (LPS), other micro- 
bial components may also reach the liver, where in the liver sinusoids Kupffer cells and other recruited 
immune cells become activated and produce large amounts of proinflammatory cytokines, tumor necrosis 
factor (TNF)-a, interleukin (IL)-1B, and IL-6. Most of these cytokines further increase gut permeability, thus 
fueling a vicious cycle of inflammation in alcoholic hepatitis. ALT, Alanine aminotransferase; aSMA, alpha 
smooth muscle actin; AST, aspartate aminotransferase; MCP-1, monocyte chemotactic protein 1; Reg3b, 
regenerating islet-derived IIIB; Reg3g, regenerating islet-derived Illy; ROS, reactive oxygen species; ZO7, 


zonula occludens 1. 
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the intestinal microbiome (i.e., decreased relative abundance in 
several genera of the phylum Firmicutes, including Lactobacillus, 
and increased proportion of the genus Bacteroides in the phylum 
Bacteroidetes and the phylum Verrucomicrobia).'° In a recent 
metagenomic analysis, chronic alcohol-induced alterations in the 
intestinal microbiome reflected lower abundance of the phyla 
Bacteriodetes and Firmicutes, with a proportional increase in the 
abundance of the Gram-negative phylum Proteobacteria and the 
Gram-positive phylum Actinobacteria. Also, the most expanded 
genera included Gram-negative Alcaligenes and Gram-positive 
Corynebacterium.“ 

Similarly, human ALD is associated with intestinal dysbiosis. 
Both qualitative and quantitative changes in the intestinal micro- 
biome have been demonstrated in several human studies. However, 
many of these ALD studies also include cirrhotic patients, which 
can confound the effects of alcohol, and thus most of them will 
be covered later in the chapter under the section “The Intestinal 
Microbiome in Cirrhosis and Associated Complications.” Hence 
the key observations from human ALD are briefly described. In 
one of the initial human ALD studies, fecal quantification of 
selective bacteria by stool culture revealed significantly reduced 
abundance of bifidobacteria, lactobacilli, and enterococci in alco- 
holic patients compared with healthy controls.'°* Another study 
interrogated the mucosa-associated colonic microbiome in alco- 
holic patients with and without ALD compared with healthy 
controls.” Colonic dysbiosis was seen only in a subgroup of 
alcoholic patients with lower median abundances of the class 
Bacteroidia and higher abundance of the class Gammaproteobacte- 
ria. The colonic dysbiosis correlates with endotoxemia and persists 
despite sobriety. In a recent study, alcohol-dependent patients 
with high intestinal permeability had lower abundance of members 
of the family Ruminococcaceae and higher abundance of members 
of the family Lachnospiraceae.'”’ Most recently, the first human 
study in alcoholic hepatitis also reported intestinal dysbiosis.”® 
Notably, severe alcoholic hepatitis is associated with more abun- 
dant bifidobacteria, streptococci, and enterobacteria as well as 
decreased abundance of Clostridium leptum or Faecalibacterium 
prausnitzii, and both are known to be antiinflammatory.” 

Taken together, human and animal studies clearly demonstrate 
that the intestinal dysbiosis is associated with ALD; however, a 
causal relationship cannot be inferred. Future studies should also 
investigate a causal role. 


Corollaries of Intestinal Dysbiosis 
in Alcoholic Liver Disease 


The intestinal dysbiosis in ALD leads to three important conse- 
quences: (1) an impact on the intestinal barrier and permeability, 
(2) hepatic immune response, and (3) the metabolic and func- 
tional effects as measured by microbial metabolites in metabolo- 
mics studies. The intestinal barrier has an important role in 
regulating host physiology through interactions with the intestinal 
microbiome as previously alluded to. Both intestinal dysbiosis and 
alcohol consumption can disrupt the intestinal barrier by induc- 
ing changes in the mucus, antimicrobial peptides, and tight junc- 
tions or promoting intestinal inflammation. 

There is growing interest in the role of the mucus layer in 
experimental ALD to better understand the interactions between 
the intestinal barrier and the microbiome. The mucus layer coats 
the gastrointestinal tract and acts as an important physical barrier. 
It also produces mucin glycoproteins that bind to microbes and 
have a selective direct antimicrobial activity or carry other anti- 
microbial molecules.'’* The secretion of highly glycosylated 


mucins into the intestinal lumen by goblet cells creates the first 
line of defense against microbial encroachment. The outer mucus 
layer is colonized by bacteria, whereas the inner layer is adherent 
to the epithelium and devoid of bacteria. The goblet cells synthe- 
size mucins, which exist in two forms: secreted or gel-forming 
mucins, which create a physical barrier, and membrane-bound 
mucins, which are mainly protective against the pathogens pen- 
etrating the inner mucus layer. The most abundant small and large 
intestine mucin is a secreted mucin, mucin 2 (Muc-2), that con- 
tributes to its viscous properties.” 

In a provocative study, the role of Muc-2 was assessed in the 
mouse model of ALD.'” In alcohol-fed Muc-2 gene knockout 
(Muc-2) mice, the key observations include Muc-2 deficiency 
relieves alcoholic steatohepatitis despite increased intestinal per- 
meability with lower plasma LPS levels and no explicit difference 
in alcohol metabolism. Muc-2 deficiency abrogates ALD-related 
enteric dysbiosis, resulting in higher abundance of Lactobacillus 
and a lower proportion of Gram-negative Akkermansia muciniph- 
ila, likely to be factor in lower systemic levels of endotoxin. Of 
note, the antimicrobial protein activity is enhanced, with a strik- 
ing increase in the intestinal expression of regenerating islet- 
derived IIIB (RegIIIB) and ReglIIy in Muc-2-deficient mice. 
Together this evidence indicates that the absence of Muc-2 pre- 
vents alcohol-associated dysbiosis, strongly induces antimicrobial 
factors, restores intestinal homeostasis, and protects against exper- 
imental ALD. 

As noted, the antimicrobial peptides have an important anti- 
bacterial role and help sustain eubiosis and support intestinal 
barrier function and host defenses. Alcohol down-regulates bacte- 
ricidal C-type lectin RegIIIB and ReglIly gene and protein expres- 
sion in the small intestine of mice and humans.'°*'” Further, 
the reduction of RegIIIB and ReglIIy gene expression is more 
pronounced in the proximal part of the small intestine (jejunum), 
the site with the largest relative increase in abundance of luminal 
and adherent bacteria.'® Experimental intestinal deficiency in 
RegIIIB or ReglIly increases mucosa-associated bacterial load and 
enhances bacterial translocation to the mesenteric lymph nodes 
and liver, promoting the progression of ethanol-induced fatty liver 
disease toward steatohepatitis (Fig. 3-13).'” Similarly, mucosa- 
associated (mucus plus epithelial cells) bacteria are increased 
in abundance in the duodenum of alcohol-dependent patients. 
Moreover, overexpression of ReglII¥y in intestinal epithelial cells 
restricts bacterial colonization of mucosal surfaces, reduces bacte- 
rial translocation, and protects mice from alcohol-induced steato- 
hepatitis. Collectively, these data suggest that alcohol modulates 
the mucosa-associated microbiota, and subsequent breach of the 
mucosal barrier facilitates progression of ALD. 

Additionally, intestinal inflammation and disruption of tight 
junctions influence intestinal permeability. In in vitro models, 
both alcohol'” and acetaldehyde in a protein phosphatase 2A— 
dependent mechanism'” disrupt the tight junction proteins 
zonula occludens 1 and claudin 1, thereby increasing intestinal 
permeability. Also, acetaldehyde but not ethanol increases in 
vitro permeability.” In addition, intestinal cytochrome P450 2E1 
appears to play a role in alcohol-induced intestinal oxidative 
stress and intestinal permeability.'”* In an in vivo model, short- 
term alcohol binges and long-term alcohol feeding both cause 
endotoxemia, suggesting increased intestinal permeability.'” 
However, only long-term alcohol feeding caused intestinal inflam- 
mation, which is associated with TNF-a and NF-«B activation, 
reduced RegIIIB expression and increased miR-155 expression 
in the small intestine. Moreover, miR-155 deficiency prevents 
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e Fig. 3-13 The mechanism by which long-term alcohol consumption alters the microbial composition 
in the intestine is unknown. Alcohol reduces intestinal expression of REGS lectins, increasing the number 
of mucosa-associated bacteria. The subsequent translocation of bacteria to mesenteric lymph nodes 
(MLNs) and liver exacerbates alcoholic liver disease. Reg3b, Regenerating islet-derived IIIB; Reg3g, 


regenerating islet-derived Illy. 


intestinal inflammation and endotoxemia, suggesting the role of 
miR-155 in intestinal permeability.'” In another study, alcohol- 
induced intestinal barrier dysfunction was modulated by forkhead 
box O4, which down-regulates the expression of tight junction 
proteins and increases intestinal permeability and liver injury.'*° 
Similarly in humans, alcoholic patients with chronic liver disease 
demonstrate a significant increase in both lactulose absorption and 
the urinary lactulose/mannitol ratio (0.703 in alcoholic patients 
vs. 0.019 in controls, p = 0.01), implying increased intestinal per- 
meability.'*' Also, long-term alcohol consumption’? and short- 
term alcohol binge'®’ produce endotoxemia, which is associated 
with increased bacterial 16S ribosomal DNA levels, indicating a 
gut microbial origin. Together these studies reflect complexities of 
barrier function and highlight the multiple checkpoints at which 
alcohol could interfere with normal function. 


The Intestinal Microbiome and 
Autoimmune Liver Diseases 


Autoimmune liver diseases are extensively covered in Chapters 41 
to 43. The intestinal microbiome remains a highly relevant link 


in pathophysiology and probably progression of autoimmune liver 
diseases, particularly primary sclerosing cholangitis (PSC). As pre- 
viously detailed in this chapter, the liver interfaces with portal 
delivery of intestinal contents enriched in microbial components 
triggering an immune response. Critical to this function are PRRs, 
including TLRs and NLRs, which in response to specific molecu- 
lar stimuli initiate downstream signaling cascades. The biliary 
epithelial cells, or cholangiocytes, among other cell types, readily 
express these receptors and respond to the pathogen-associated 
molecular patterns. The cholangiocytes are integral in the initia- 
tion and/or progression of PSC, and are considered central to 
periductal fibrosis, ductopenia, and other processes germane to 
PSC.!'™ Perhaps the best evidence for the connection between 
autoimmune liver disease and the intestinal microbiome comes 
from PSC; however, there is emerging evidence in autoimmune 
hepatitis (AIH) and there are limited data connecting the micro- 
biome with primary biliary cholangitis. In primary biliary chol- 
angitis, antimitochondrial antibodies exhibit cross-reactivity to 
antigens from £. coli and Novosphingobium aromaticivorans, and 
mice inoculated with N. aromaticivorans develop primary biliary 
cholangitis—like disease.'*’ The subsequent sections focus on PSC 
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and AIH specifically in the context of their association with the 
intestinal microbiome. 


Primary Sclerosing Cholangitis and 
the Intestinal Microbiome 


PSC has a high prevalence (~70%) in the setting of coexisting 
inflammatory bowel disease, a disorder that is characterized by 
intestinal inflammation and dysbiosis. Together these changes 
increase intestinal permeability, enhance portal bacteremia, and 
can promote biliary injury in PSC. Moreover, PSC cholangiocytes 
accumulate LPS in vivo and are hyperresponsive to LPS in vitro.'*° 
This link is well exploited in clinical practice as antibiotic treat- 
ment confers therapeutic benefits to patients with PSC.'*”'** 

In an extended analysis of a genome-wide association study in 
PSC patients, fucosyltransferase 2 gene secretor status and geno- 
type defined by rs601338 significantly influences the biliary 
microbial community composition in PSC patients.'® A signifi- 
cant increase in the abundance of Firmicutes and a decrease in the 
abundance of Proteobacteria is seen among nonsecretors, which 
also demonstrate differences in the abundance of Bacteroidetes, 
Actinobacteria, and Tenericutes. Both alpha and beta diversity are 
also significantly different. Further, the mucosa-adherent micro- 
biota of PSC patients has significantly lower diversity and rich- 
ness,” with decreased relative abundance of the order Clostridiales 
II compared with ulcerative colitis patients and healthy controls. 
Moreover, the mucosa-associated microbiota profile is similar 
across multiple locations in the gut from the same individuals 
regardless of disease status, with significant enrichment of Blautia 
and Barnesiellaceae, and major shifts in OTUs within the order 
Clostridiales in patients with PSC.'”' Additionally, PSC patients 
have markedly reduced bacterial diversity compared with both 
ulcerative colitis patients and healthy controls.” Compared 
with healthy controls, 11 genera, except Véeillonella, are reduced 
in abundance in PSC patients, and in combination, these dis- 
criminate PSC patients from healthy controls with an area under 
the curve of 0.78. However, the microbiota of PSC patients with 
and without IBD is similar.'"’ Are bacteria always bad for PSC? 
Germ-free mice displayed worsening biochemical and histologic 
features of PSC, associated with increased cholangiocyte senes- 
cence, a characteristic and potential mediator of progressive biliary 
disease.” Importantly, ursodeoxycholic acid, a commensal micro- 
bial metabolite, abrogates senescence in vitro. These findings dem- 
onstrate the importance of the commensal microbiota and its 
metabolites in protecting against biliary injury. Collectively these 
studies and findings imply the role of the intestinal microbiome 
in PSC and provide avenues for future studies to explore biomark- 
ers and therapeutic interventions in PSC. 


Autoimmune Hepatitis and the Intestinal Microbiome 

AIH patients demonstrate increased intestinal permeability evi- 
denced by significantly decreased expression of zonula occludens 1 
and occludin in small intestine.” This is associated with reduced 
abundance of anaerobes without alteration in the abundance 
of aerobes, resulting in a decreased bifidobacteria/E. coli ratio, 
which suggests intestinal dysbiosis in patients with AIH. Also, the 
plasma LPS levels are significantly increased in AIH patients, 
which along with increased intestinal permeability is strongly 
associated with advanced stages of the disease.” The liver inflam- 
mation in a novel humanized-mouse model of AIH generated 
by immunization of HLA-DR3° and HLA-DR3* nonobese dia- 
betic mice with a DNA plasmid, coding for human cyto- 
chrome P450 2D6-formiminotransferase cyclodeaminase fusion 


protein is associated with changes in intestinal microbiota diver- 
sity and abundance. 

Altogether, the available evidence clearly suggests that autoim- 
mune liver diseases, mainly PSC and AIH, are associated with 
increased intestinal permeability and dysbiosis. Future studies 
should focus on better understanding the role of the intestinal 
microbiome and evaluation of potential interventions. 


The Intestinal Microbiome in Cirrhosis 
and Associated Complications 


Cirrhosis or end-stage liver disease is the usual outcome of pro- 
gressive fibrosis in chronic liver disease of any cause. Cirrhosis is 
commonly accompanied by portal hypertension and its associated 
complications such as spontaneous bacterial peritonitis, hepatic 
encephalopathy, and variceal hemorrhage. Together, cirrhosis- 
associated and portal hypertension—associated complications 
result in a significant health care burden, including liver transplant 
and high morbidity and mortality. These aspects are covered in 
greater detail in Chapters 14-19 and 21. For the purposes of this 
section, the focus will be on cirrhosis, portal hypertension, and 
associated complications, and their association with the intestinal 
microbiome. Expanding on the conceptual construct discussed 
earlier, the key events include (1) intestinal dysbiosis, (2) deranged 
intestinal barrier functions, (3) altered immune surveillance, and 
(4) functional and metabolic sequelae of these changes. There are 
multiple factors that relate to these key events in patients with 
cirrhosis, which include diminished small intestinal motility,” 
small intestine bacterial overgrowth,'”*'”® increased intestinal per- 
meability, impaired antimicrobial defense,” and changes in the 
levels of bile acids due to decreased synthesis and altered entero- 
hepatic circulation.” An important effect of these changes is 
pathologic bacterial translocation in cirrhosis. Physiologically, 
translocation of bacteria and/or bacterial products (LPSs, pepti- 
doglycans, muramyl dipeptides, bacterial DNA, etc.) from the 
intestine to mesenteric lymph nodes in healthy conditions is 
crucial for host immunity.” In contrast, pathologic bacterial 
translocation develops with increasing quantitative burden in cir- 
thosis. In humans, lack of ready access to mesenteric lymph nodes 
and/or compartments such as the mucosal barrier to quantify 
bacterial translocation load hinders our ability to establish a cutoff 
for physiologic or pathologic levels of bacterial translocation. The 
pathologic bacterial translocation in the context of progressive 
stages of liver disease is summarized in Fig. 3-14, which highlights 
the main changes (greater detail is provided elsewhere~”). 
Although experimental data provide important mechanistic 
insights into the role of the intestinal microbiome relevant to 
cirrhosis, portal hypertension, and associated conditions, they do 
not truly capture the dynamic and entire spectrum of human 
disease. Most data in subsequent sections will focus on clinically 
relevant information. 


Intestinal Dysbiosis in Experimental Fibrosis and Cirrhosis 
In an animal model of cirrhosis, bile duct—ligated mice fed a high- 
fat diet (HFD), mesenteric lymph node culture shows higher 
density of infection, suggesting a higher bacterial translocation 
rate.” This is associated with increased relative abundance of 
Gram-negative versus Gram-positive bacteria, a reduced ratio of 
Bacteroidetes to Firmicutes, and a dramatic increase of the numbers 
of Gram-negative Proteobacteria in HFD bile duct—ligated mice. 
Also, inflammasome expression is increased in liver of fibrotic 
mice but significantly reduced in the intestine. Moreover, fecal 


microbiota transplant from HFD bile duct—ligated mice results 
in more liver damage in chimeric mice fed a control diet, which 
is further enhanced by transplant of selected Gram-negative bac- 
teria obtained from the cecal content of HFD bile duct—ligated 
mice. In another study, compromised Paneth cell antimicrobial 
host defense seems to predispose to bacterial translocation in 
experimental cirrhosis.'”’ Taken together these data demonstrate 
the existence of a transmissible intestinal microbiome with fibro- 
genic features. Understanding the exact mechanisms by which 
HFD-induced dysbiosis results in liver fibrosis and compromised 
host defense will greatly enhance our ability to design preventive 
and therapeutic interventions in humans. 
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Intestinal Dysbiosis and Cirrhosis in Clinical Practice 


The intestinal microbiome composition has been investigated in 
many studies in patients with cirrhosis.”””*””*°*°"” A broad obser- 
vation from these human studies suggests that there is increased 
abundance of potentially pathogenic bacteria accompanied by 
reduced proportions of beneficial bacteria in cirrhosis. In general, 
the cause of cirrhosis may have limited influence on the fecal 
microbial communities. Therefore physiologic changes associated 
with cirrhosis such as reduced bile flow are potentially important 
in shaping the intestinal microbiome composition. There are, 
however, some cause-specific characteristic microbiome changes. 
For example, patients with alcoholic cirrhosis have significantly 
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¢ Fig. 3-14 A, Compartments and key players involved in mediating pathologic bacterial translocation 
and the associated host response. Three different routes (7-3) of bacterial translocation can be distin- 
guished: (7) direct sampling of luminal bacterial products by dendritic cells via processes between epithelial 
cells, not affecting tight junction (TJ) function; (2) injured/inflamed epithelium with dysfunctional epithelial 
barrier, and (3) M cells overlying Peyer patches as specialized cells providing access of microbial products 
to antigen-presenting cells (APCs). Moreover, three different levels of barriers (/-///) against bacterial trans- 
location are shown: (/) lumen and secretory component (e.g., inner and outer mucus layer, antimicrobial 
peptides) of the gut barrier; (I) mechanical epithelial barrier and the gut-associated lymphatic tissue (GALT) 
beneath with response elements to bacterial translocation (e.g., tumor necrosis factor [TNF] and other 
proinflammatory cytokines) and the autonomic nervous system; (lN the systemic immune system as a 
third barrier in the case of spreading of bacterial products beyond mesenteric lymph nodes, including 
hematogenous (portal venous) and lymphatic (ductus thoracicus) routes of delivery. 
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e Fig. 3-14, cont'd B, Stage14 of liver disease and hypothesis on development of pathologic bacterial 
translocation.”°’ Left: Normal healthy conditions with normal exclusively low levels of translocation of 
bacterial products. Middle: Increases in paracellular translocation of bacterial products stimulate an aug- 
mented proinflammatory cytokine response and release of reactive oxygen species (ROS) and NO, within 
the GALT; these mediators impact on the mechanical and secretory barrier as well as most likely on the 
flora. Right: In cirrhosis with ascites in presence of intestinal bacterial overgrowth and a proposed state 
of epithelial tolerance, enhanced transcytosis of viable bacteria develops, ultimately leading to immune 
paralysis in the GALT (which could lead to a vicious circle perpetuating bacterial translocation by a relative 
lack of bacterial killing). PRR, Pattern recognition receptor. 
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increased abundance of the family Prevotellaceae compared with 
patients with hepatitis B-related cirrhosis or healthy individu- 
als.° In addition to the qualitative compositional changes, the 
quantitative analyses of bacterial cultures from jejunal aspirates 
show evidence of intestinal bacterial overgrowth in patients with 
cirrhosis.'"°'”” Therefore patients with cirrhosis have both a com- 
positional shift in microbial communities and an increased burden 
of the intestinal microbiota. 

With advances in the tools and techniques to quantify and 
analyze, there is rapid growth in our appreciation regarding the 
functional aspects of intestinal microbiome changes. Also, intes- 
tinal microbiome—based ratios and indexes have been developed 
to provide measures of dysbiosis in patients with cirrhosis. These 
include the bifidobacteria/Enterobacteriaceae ratio, ™ the cirrhosis 
dysbiosis ratio (CDR),” and the patient discrimination index.” 

The bifidobacteria/Enterobacteriaceae ratio, also known as the 
colonization resistance, reflects the ability to counteract pathogen 
colonization.” The CDR is defined as the ratio of autochthonous 
or beneficial taxa (e.g., Lachnospiraceae, Ruminococcaceae, and 
Clostridiales XIV) to potentially pathogenic nonautochthonous 
taxa (e.g., Enterobacteriaceae and Bacteroidaceae), and reliably pre- 
dicts disease severity. The CDR is an attempt to overcome the 
interindividual species variation and indicates a more global intes- 
tinal microbiome status. Thus a low CDR can reflect diminished 
abundance of beneficial bacteria, an overabundance of harmful 
taxa, or a combination of both. As such, the highest CDR is seen 
in controls (2.05), followed by patients with compensated cir- 
thosis (0.89), and the lowest CDR is observed in patients with 
decompensated cirrhosis (0.66) and inpatients with cirrhosis 
(0.32). Moreover, the CDR inversely correlates with the endo- 
toxin levels. In longitudinal studies, the CDR remained 
unchanged in stable outpatients with cirrhosis. In contrast, a 
significant shift toward dysbiosis (CDR from 1.2 to 0.42) was 
seen in patients who developed hepatic encephalopathy.“ Further, 
the baseline microbiota is significantly different between unin- 
fected and infected cirrhotic individuals. Importantly, a low CDR 
is associated with organ failure and increased 30-day mortality.” 
Around the same time, a more sophisticated patient discrimina- 
tion index” was developed with use of complex metagenomics 
analytics with the aim to discriminate controls from patients with 
cirrhosis. Although a significant difference is seen between con- 
trols and cirrhotic patients, this should be viewed with caution. 
A complicated measure such as the patient discrimination index 
is unlikely to add any value in discriminating and diagnosing cir- 
thosis, which can be diagnosed with a high degree of confidence 
with relative ease with use of currently established, readily avail- 
able, highly reproducible, inexpensive, and robust standard mea- 
sures in clinical practice. 


Clinical and Metabolic Corollaries of 

Intestinal Dysbiosis in Cirrhosis 

1. Portal hypertension: This is commonly seen in advanced cir- 
thosis with the hallmark finding of splanchnic vasodilation. 
Intestinal bacterial translocation is increased in cirrhotics, 
which renders competitive advantage for certain microbiota 
under conditions of nitrosative stress like facultative anaerobes 
such as Enterobacteriaceae, which possess diverse nitric oxide— 
handling mechanisms.” Microbial nitric oxide production 
may further contribute to exacerbation of splanchnic vaso- 
dilation and may partly be related to activation of the local 
immune system and endothelial dysfunction. Indeed, selec- 
tive intestinal decontamination is associated with increase in 
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vascular resistance and reduction in portal pressure, suggesting 
a link between hemodynamic disturbances and the intestinal 
microbiota.” Moreover, antibiotic prophylaxis in acute vari- 
ceal bleeding is associated with a significant reduction in early 
rebleeding rates within 7 days (7% vs. 34%, p < 0.0001)” and 
lower 28-day mortality (13% vs. 35%, p = 0.04).*'' Together 
these findings highlight the association of the intestinal micro- 
biome with clinical complications in cirrhosis and portal 
hypertension. 


2. Spontaneous bacterial peritonitis (SBP): Factors promoting 


intestinal bacterial translocation, particularly bacterial over- 
growth, increased intestinal permeability, and compromised 
immune surveillance increase the risk of SBP. Patients with 
ascites and bacterial overgrowth reportedly have higher rates 
of SBP. Indeed, selective intestinal decontamination with 
nonabsorbable antibiotics such as norfloxacin significantly 
improves survival in patients with SBP?" Also, increasing 
proton pump inhibitor use is linked with increased risk of 
SBP and death.” As such, omeprazole use results in a sig- 
nificant increase in the relative abundance of Streptococcaceae 
(abundant in the salivary microbiota) and is correlated with 
serum gastrin levels (r = 0.4, p = 0.005). Further, on correla- 
tion network analysis, significant changes in the linkages of 
bacteria with metabolites (hippurate, dimethylamine, lactate) 
are also found after omeprazole use, suggesting a microbial 
shift and functional changes that could set the stage for bacte- 
rial overgrowth.*”” 

3. Acute-on-chronic liver failure (ACLF): Intestinal microbiome 
changes are also related to ACLE with significantly lower 
microbial diversity and richness.” A lower abundance of Bac- 
teroidaceae, Ruminococcaceae, and Lanchnospiraceae, but higher 
abundance of Pasteurellaceae, Streptococcaceae, and Enterecoc- 
caceae is observed in ACLE. In patients with ACLF and hepatic 
encephalopathy, the relative abundance of Lachnospiraceae is 
decreased. Moreover, the intestinal microbiota remained rela- 
tively stable in the short term after the onset of ACLF, and use 
of antibiotics modestly impacts the intestinal microbiota. 
Further, network analysis comparison robustly correlates spe- 
cific bacterial families (Ruminococcaceae and Lachnospiraceae) 
with inflammatory cytokines (IL-6, TNF-a, IL-2) in ACLF 
patients. In addition to the Model for End-Stage Liver Disease 
score, the relative abundance of Pasteurellaceae independently 
predicts death in ACLF patients. Together these data indicate 
gut dysbiosis in ACLF and its association with death. 

4. Intestinal dysbiosis in cirrhosis and bile acid metabolic changes: 
The details of bile acid metabolism are extensively covered in 
Chapter 2 and elsewhere.”'”*'® Details relevant to intestinal 
microbiome-associated bile acid changes in cirrhosis are briefly 
covered here. Patients with advanced cirrhosis when compared 
with controls and patients with early-stage cirrhosis have mark- 
edly higher levels of fecal primary bile acids and strikingly 
lower levels of fecal total bile acids, secondary bile acids, 
and secondary bile acid to primary bile acid ratio.””’ Also, cir- 
rhotic patients have high abundance of potentially pathogenic 
Enterobacteriaceae and lower abundance of Lachnospiraceae, 
Ruminococcaceae, and Blautia (70-dehydroxylating bacteria). 
Significant correlations are also seen between the bile acid and 
microbial changes. Specifically, positive correlations of Entero- 
bacteriaceae with chenodeoxycholic acid (7 = 0.57, p < 0.008) 
and Ruminococcaceae with deoxycholic acid (r= 0.4, p < 0.05) 
are observed. A positive correlation between Ruminococcaceae 
and deoxycholic acid/cholic acid ratio (r = 0.82, p < 0.012) 
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and between Blautia and lithocholic acid/chenodeoxycholic 
acid ratio (r= 0.61, p < 0.03) is also seen. Moreover, rifaximin 
therapy reduced the abundance of Veillonellaceae and the sec- 
ondary bile acid/primary bile acid ratio. These data suggest that 
cirrhosis, especially advanced disease, is associated with a 
decreased conversion of fecal primary bile acids to fecal second- 
ary bile acids, which is linked to a shift in the abundance of 
key gut microbiome taxa. 

5. Intestinal dysbiosis in cirrhosis and hospitalization: In a study 
of 278 cirrhotic patients (39% with hepatic encephalopathy, 
31% with diabetes), higher Model for End-Stage Liver Disease 
score, proton pump inhibitor use, and hepatic encephalopathy 
were independently associated with hospitalization without the 
impact of diabetes.” The stool microbiota and the mucosal 
microbiota were significantly altered in those who were hos- 
pitalized (UniFrac p < 1.0 x 107). Specifically, lower stool 
abundance of Bacteroidaceae, Clostridiales XIV, Lachnospira- 
ceae, and Ruminococcaceae, and higher stool abundance of 
Enterococcaceae and Enterobacteriaceae are seen in hospitalized 
patients. Concomitant diabetes mellitus impacted the micro- 
biota (stool UniFrac p = 0.003, mucosa UniFrac p = 0.04) 
with higher stool abundance of Bacteroidaceae and lower stool 
abundance of Ruminococcaceae. Stool Bacteroidaceae and Clos- 
tridiales XIV predicted 90-day hospitalizations independently 
of clinical predictors (Model for End-Stage Liver Disease 
score, hepatic encephalopathy, proton pump inhibitor use). 
Although the presence of diabetes distinctly impacts the gut 
microbiota in cirrhosis, it does not independently influence 
hospitalizations. 

6. Hepatic encephalopathy: Intestinal bacteria, especially urease- 
containing species, such as Klebsiella and Proteus species, con- 
tribute to the development of hepatic encephalopathy by 
generation of ammonia and promotion of a proinflammatory 
response’ and neutrophil dysfunction,” both of which are 
driven by endotoxemia.” Emerging evidence from culture- 
independent techniques investigating the fecal,“ mucosal 
adherent,” and salivary” microbiomes sheds some light on the 
role of the microbiome in the pathogenesis of hepatic encepha- 
lopathy. Broadly, patients with hepatic encephalopathy or a 
history of hepatic encephalopathy have a lower CDR. Increases 
in the abundance of Enterobacteriaceae and Enterococcaceae 
have been observed in both the fecal microbiome and the sali- 
vary microbiome. Microbes of oral origin are also detected in 
the fecal microbiome in patients with cirrhosis” as well as in 
a cohort of patients with compensated cirrhosis treated with 
proton pump inhibitors.*'’ It may therefore be that disease- 
specific changes in the luminal environment compounded by 
proton pump inhibitor therapy may serve to promote coloniza- 
tion of the more distal part of the gut by bacteria from the oral 
microbiome and predispose to an encephalopathic state. 

Inflammation has a key role in the pathogenesis of hepatic 
encephalopathy, frequently driven by gut-derived bacterial 
ligands.” In patients with hepatic encephalopathy, positive 
correlation with inflammatory indices is observed with Fuso- 
bacteriaceae, Veillonellaceae, Enterobacteriaceae, Enterococcus, 
Megasphaera, and Burkholderia.” The stool microbiota of cir- 
rhotic patients was more significantly correlated with systemic 
inflammation than was the salivary microbiota,” suggesting 
possible differential immunogenicity of bacterial ligands 
derived from these two sites. On network analysis, improved 
cognition and decreased inflammation are observed with 
autochthonous genera in cirrhotic patients with and without 


hepatic encephalopathy.’ Higher Prevotella abundance is 
associated with prevention of recurrence of hepatic encepha- 
lopathy. In contrast, worsening cognition is observed in 
patients with a higher representation of Alcaligeneceae, Por- 
phyromonadaceae, Veillonellaceae, Enterococcus, Megasphaera, 
and Burkholderia. 
Taken together the findings reported above support the clinical 
relevance of the CDR in disease progression; however, the patho- 
physiologic basis for these associations is unclear, and merits 
further evaluation. Moreover, issues such as careful characteriza- 
tion of cirrhotic patients on the basis of disease stage and associ- 
ated complications, and adjustment for confounders, including 
treatment and medication use in this patient population, are some 
inherent but important challenges, and must be accounted for 
when one is interpreting the patient discrimination index. 


The Intestinal Microbiome and 
Hepatocellular Carcinoma 


Hepatocellular carcinoma (HCC) is among the fastest-growing 
cancers, and hepatitis C virus infection—associated HCC has 
become the fastest rising cause of cancer-related mortality in the 
United States.” More than 80% of HCCs develop in the setting 
of advanced fibrosis or cirrhosis, a sequela of progressive chronic 
liver injury.” >” However, pathways contributing to the high rate 
of HCC development in the chronically injured and fibrotic liver 
have not been well elucidated. Evolving evidence points to the 
role of the intestinal microbiome in perpetuating chronic liver 
injury and promoting HCC. The pathophysiologic and clinical 
details are comprehensively covered in Chapter 46, and this 
section reviews our current understanding regarding HCC and 
its association with the intestinal microbiome. 

In an intriguing study, sustained LPS accumulation promoted 
diethylnitrosamine (DEN)-induced hepatocarcinogenesis, with 
decreased tumor incidence and growth by manipulation of the gut 
flora and TLR4 deletion.”””””° Further, TLR4 activation by intesti- 
nal microbiota—derived LPS promotes injury- and inflammation- 
driven tumorigenesis through proliferative and antiapoptotic 
signals in non—bone marrow-derived resident liver cells, and gut 
sterilization efficiently prevents HCC even at very late stages.” 
In both TLR4 mutant and antibiotic-induced gut sterile mice, 
the attenuated effects of the genotoxin DEN and the hepatotoxin 
CCl, are seen with markedly reduced number and size of liver 
tumors, suggesting the role of the microbial TLR4 pathway in 
suppressing HCC progression.” This is associated with reduced 
levels of hepatocyte growth factor and a TLR4-regulated hepato- 
mitogen, epiregulin. Moreover, epiregulin secretion is increased 
in fibrotic livers, and epiregulin-deficient mice treated with DEN 
and CCI4 treated developed fewer and smaller tumors, although 
to a lesser extent than in TLR4-mutant mice, indicating that 
additional TLR4-regulated pathways are involved.” Also, the 
initial stages of hepatic carcinogenesis induced by DEN- and CCl, 
appear to be mediated by epiregulin, with activation of epidermal 
growth factor receptor and human epidermal growth factor recep- 
tor 2, whereas during late stages it reduces hepatocyte apoptosis 
by NF-«B p65 nuclear translocation. NF-KB p65 nuclear translo- 
cation is seen in HSCs and hepatocytes, suggesting that both cell 
types play a role in the promotion of DEN- and CCl4-induced 
HCC (Fig. 3-15). 77> 

The complex links between obesity, the intestinal microbiota, 
and the development of HCC are elegantly demonstrated in 
experimental HCC, where obesity-induced changes to the gut 
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e Fig. 3-15 Hypothetical diagram of hepatocellular carcinoma (HCC) promotion by the lipopolysaccharide 
(LPS)-toll-like receptor 4 (TLR4) pathway.” The progression of HCC depends on the balance between 
TRL4-induced proliferative, prosurvival, and apoptotic signals in chronically injured hepatocytes. The 
chronic inflamed liver is associated with intestinal dysbiosis, gut permeability changes, and pathogen- 
associated molecular pattern (LPS) translocation to the liver. The TLR4 signaling is activated by LPS in 
hepatic stellate cells and hepatocytes, resulting in extracellular matrix (ECM) remodeling, fibrogenesis, and 
secretion of epiregulin growth factor, which triggers tumor hepatocyte proliferation. The inflammatory liver 
signals to the gut, maintaining or amplifying intestinal dysbiosis. DAMPs, Damage-associated molecular 
patterns; EGFR, epidermal growth factor receptor; NF-KB, nuclear factor «B. 


microbiota and its metabolites promote HCC through asenescence- 
associated secretory phenotype (SASP).”” The SASP is secretion 
of a signature profile of inflammatory cytokines, chemokines, and 
proteases in senescent cells.” Moreover, chemical toxin—induced 
Ras mutation causes HCC only in obese (HFD or genetically 
related ob/ob) mice. Activated HSCs exhibit up-regulated markers 
of cellular senescence (p21™*"/?! and p16'N™“) as well as DNA 
damage markers (53BP1 and y-H2AX) in the HCC lesions.” 
Additionally, the HSCs secrete SASP-associated cytokines, includ- 
ing IL-1B. Notably, in IL-1-deficient mice, the incidence of 
HCC is markedly reduced despite features of cellular senescence 
and NASH, suggesting a key role of IL-1B in obesity-induced 
HCC. The levels of cluster XI of the genus Clostridium and its 
70.-dehydroxylation metabolite deoxycholic acid, a secondary bile 
acid, are substantially increased in HFD mice.” The enterohepatic 
circulation of deoxycholic acid elicits the SASP in HSCs, produc- 
ing proinflammatory cytokines and tumor-promoting factors in 
the liver that is previously exposed to a chemical carcinogen, and 
contributes to HCC.*” Importantly, lowering deoxycholic acid 
levels (by inhibition of 70-dehydroxylation through difructose 
anhydride III or by promotion of bile acid secretion through 
ursodeoxycholic acid), or depleting the intestinal microbiota by 
means of oral antibiotics reduced the development of HCC, 


together with a marked decrease in the levels of senescent HSCs. 
Similar observations are noted in mice lacking an SASP inducer 
or depleted of senescent HSCs. Conversely, oral deoxycholic acid 
feeding enhanced HCC development along with HSC senescence 
and the SASP in obese mice. Senescent HSCs and the SASP (in 
the area of HCC) were also observed in histologic samples from 
approximately 30% of NASH patients who developed HCC.” 

Taken together the available evidence provides valuable insights 
into the role of the intestinal microbiome through TLR signaling 
and the SASP in the development of obesity-associated HCC and 
avenues for novel therapeutic potential. 


The Intestinal Microbiome and Liver Transplant 


The role of the intestinal microbiome in posttransplant liver 
disease and infections is not well characterized. Several factors, 
such as transplant surgery, multiple medications, antibiotics, 
ischemia-reperfusion, the underlying condition of the recipient, 
and immunosuppression can impact infections”! and can influ- 
ence the microbiome composition and function. As such, a spe- 
cific role of the microbiome in the posttransplant phase is difficult 
to define without several caveats and must therefore be viewed 
guardedly. In a liver transplant rodent model, assessment of 
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intestinal mucosa—associated bacteria and bacterial translocation, 
when compared to normal rodents, demonstrated increased bacte- 
rial translocation in cirrhotic rodents. At 1 month after liver trans- 
plant, mucosa-associated bacteria resembled those in pretransplant 
cirrhotic rodents, whereas the mucosa-associated bacteria in non- 
cirrhotic posttransplant rodents resembled that of pretransplant 
normal rodent, suggesting that pretransplant cirrhosis rather than 
transplant may influence the posttransplant mucosal microbi- 
ota.” In human cirrhotic patients, posttransplant infections are 
more likely in patients with decreased pretransplant microbial 
diversity.” In another human study, the fecal microbiome in 111 
liver transplant patients when compared with that in 51 cirrhotic 
patients and 28 healthy volunteers revealed that the abundance of 
good bacteria generally from the phylum Firmicutes such as Bifi- 
dobacterium spp., Faecalibacterium prausnitzti, and Lactobacillus 
spp. was significantly lower in the liver transplant recipients.” In 
contrast, the abundance of pathogenic bacteria such as Enterobac- 
teriaceae and Enterococcus spp. was significantly higher (p < 0.05). 
Over time (3 months to 24 months after liver transplant) the 
microbiome composition tends to resemble that of normal indi- 
viduals except for persistently higher abundance of Enterococcus 
spp. This demonstrates significant alterations in microbial abun- 
dance in both cirrhotic and liver transplant patients, with a ten- 
dency to restore the microbial composition over time to the 
normal composition in liver transplant recipients. This is likely 
related to replacement of the cirrhotic liver, together with lower 
immunosuppression and antibiotic exposure over time. 

In summary, the intestinal microbiome composition before 
and after liver transplant is affected by multiple factors and its 
true bearing cannot be well delineated. Further studies are there- 
fore needed to better characterize the impact of the intestinal 
microbiome on post-liver transplant outcomes. 


The Intestinal Microbiome and 
Liver Regeneration 


The liver is unique given its extraordinary ability to regenerate 
and is crucial for restoration of function following injury. The 
liver regeneration is an orchestrated biologic process that includes 
sequential changes in gene expression, growth factor production, 
and tissue remodeling. The hepatocytes, which are not termi- 
nally differentiated, exhibit substantial proliferative capacity sub- 
sequent to liver resection. Factors involved in liver regeneration 
include mitogens, cytokines, growth factors, and active metabo- 
lism, which in a well-coordinated manner promote cell prolifera- 
tion and tissue remodeling. Emerging evidence suggests an active 
role of signaling within the gut-liver axis through the interactions 
between the intestinal microbiota and bile acids in liver regenera- 
tion. An elegant experimental study demonstrated an intimate 
functional relationship between the intestinal microbiota and 
hepatic genes and the pathways involved during the course of 
liver regeneration.” Following partial hepatectomy, an increased 
abundance of Bacteroidetes S24-7 and Rikenellaceae and decreased 
abundance of Firmicutes Clostridiales, Lachnospiraceae, and Rumi- 
nococcaceae is seen. This is associated with six uniquely expressed 
hepatic genes on RNA sequencing and is related to functional 
changes observed on use of PICRUSt.*” In addition, the hepatic 
gene expression profiles significantly correlated with the intestinal 
microbiome shift during regeneration.” Also, Ruminococcaceae, 
Lachnospiraceae, and Bacteroidetes S24-7 abundance correlates 
with hepatic metabolism and immune function.” Differential 
changes are seen in hepatic and cecal bile acid concentration 


following partial hepatectomy. The level of total hepatic bile acids 
is increased within 1 hour after liver resection, indicating bile acid 
overload. The levels of the unconjugated bile acids chenodeoxy- 
cholic acid, B-muricholic acid, and deoxycholic acid displayed 
highest increase. Among tauro-conjugated bile acids, conjugated 
o-muricholic acid, B-muricholic acid, and chenodeoxycholic acid 
are notably increased. In cecal contents, whereas the level of 
deoxycholic acid is increased, the levels of ursodeoxycholic acid 
and cholic acid are decreased following partial hepatectomy.”” 
Together these data clearly demonstrate the interactive roles of the 
intestinal microbiome, hepatic metabolic and immune activation, 
and bile acids in liver regeneration (Fig. 3-16).”” Future studies 
to explore such associations and possible causation in humans 
should provide valuable insight into our understanding of liver 
regeneration as well as allow the development of novel therapeutic 
interventions. 


Interventions to Modulate the 
Intestinal Microbiome 


The increasing recognition that the intestinal microbiome is 
involved in various liver diseases allows it to be a potential target 
for therapy. Currently, there are five major approaches that can 
modulate the intestinal microbiome: (1) prebiotics, (2) probiotics, 
(3) synbiotics, (4) antibiotics, and (5) fecal transplant.”°”*” An 
overview of these intestinal microbiome—modulating therapeutic 
interventions in liver diseases is covered in this section. 

Prebiotics are indigestible complex carbohydrates such as lactu- 
lose, inulin, fructo-oligosaccharides, and galacto-oligosaccharides 
that on fermentation by colonic bacteria produce short-chain fatty 
acids and lactate,” which can affect cytokine production and 
may have immunomodulatory effects. In addition, prebiotics can 
promote the growth of beneficial bacterial such as bifidobacteria 
and lactobacilli.” The most widely used prebiotic in liver diseases 
is lactulose. The effects of lactulose on the microbiome suggest 
that lactulose use decreases stool pH and can increase the abun- 
dance of lactobacilli.““’ However, in a subgroup analysis this was 
not confirmed in another study,’ which was possibly limited by 
a small sample size. Prebiotics can be protective as noted in an 
experimental model of ALD. Treatment with prebiotic fructo- 
oligosaccharides partially restored Regy levels, reduced bacterial 
overgrowth, and minimized alcoholic steatohepatitis. '° Although 
not a classic prebiotic, dietary intervention with saturated long- 
chain fatty acids can also improve the intestinal barrier and reduce 
liver injury.” This is associated with increasing abundance of 
lactobacilli. Taken together these studies suggest the role of pre- 
biotics in modulating the intestinal microbiome, and larger trials 
are merited to further evaluate this relationship. 

Probiotics, as defined in a World Health Organization report, 
are live microorganisms that, when administered in adequate 
amounts, confer a health benefit to the host. Several mechanisms 
of probiotic actions have been proposed and include antimicrobial 
effects, enhancement of mucosal barrier integrity, and immuno- 
modulation,*” and intersect at many levels of many host-microbe 
interactions alluded to earlier. Several studies have explored the 
role of probiotics and their various combinations in liver diseases, 
but only a few have specifically investigated the relationship with 
the intestinal microbiome. 

To evaluate the role of probiotics in NASH patients, a small 
proof-of-concept study compared patients who either received a 
combination of Lactobacillus plantarum, Lactobacillus delbrueckii 
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e Fig. 3-16 The changes in the microbiota, metabolites, and pathways during liver regeneration. 


subsp. bulgaricus, Lactobacillus acidophilus, Lactobacillus rhamno- 
sus, and Bifidobacterium bifidum (n = 10) for a total of 6 months, 
or no probiotic supplementation (n = 10).°” The study also 
included a healthy control group at the baseline, thus allowing for 
baseline differences between NASH patients and controls, as well 
as changes in the microbiota over the 6-month study period in the 
longitudinally sampled group. Patients who received probiotics 
had a greater reduction in the levels of aspartate aminotransferase 
and hepatic fat, measured by magnetic resonance spectroscopy.” 
At the baseline, no differences in the levels of Bacteroidetes were 
apparent between groups, but reduced levels of Firmicutes were 
found in the NASH patients compared with controls without 
NASH. After 6 months, a reduced level of hepatic fat as measured 
by magnetic resonance spectroscopy following intervention with 
probiotics was associated with an increase in the abundance of 
Bacteroidetes and a decrease in the abundance of Firmicutes in 
NASH patients. This proof-of-concept study suggests that probi- 
otics can cause a change in microbiota composition and relieve 
hepatic steatosis; however, further studies are needed to validate 
these observations. 

In a pilot, open-label, randomized trial of male alcoholic psy- 
chotic patients in Russia, a 5-day B. bifidum and L. plantarum 
8PA3 supplementation compared with the standard therapy sig- 
nificantly increases the levels of bifidobacteria and lactobacilli, 
with decrease in the levels of markers of liver injury such as aspar- 
tate aminotransferase and alanine aminotransferase.’ In a 
double-blind randomized study, patients treated with E. coli 


Nissle demonstrated an improvement from dysbiosis with trends 
toward decreasing endotoxinemia and Model for End-Stage 
Liver Disease score.” Specifically, E. coli Nissle therapy shifts the 
microbiome composition toward the more physiologic microbes 
lactobacilli and bifidobacteria, and decreases the abundance of the 
potential pathogenic bacteria Proteus hauseri, Citrobacter sp., and 
Morganella sp. In a randomized controlled phase I trial in cir- 
rhotic patients with minimal hepatic encephalopathy (MHE), 
Lactobacillus GG was safe and well tolerated.*“° Intervention with 
Lactobacillus GG alters dysbiosis by reducing the relative abun- 
dance of Enterobacteriaceae and increasing that of Clostridiales 
Incertae Sedis XIV and Lachnospiraceae. Also, a demonstrable 
reduction in endotoxemia and TNF-& levels is seen, together with 
metabolite-microbiome correlations pertaining to amino acid, 
vitamin, and secondary bile acid metabolism. Despite these altera- 
tions, no measurable change in cognition is noticed.” 

Given the differences in probiotic contents and strains, and 
various liver diseases in different stages of severity without a well- 
defined dose and duration preclude a general recommendation for 
use of probiotics. Their use is conceivably beneficial, and as such 
large well-designed randomized clinical trials with well-defined 
measurable and reproducible end points with a focus on better 
elucidating the mechanisms, including the role of the intestinal 
microbiome, are needed. 

Synbiotics are a combination prebiotics and probiotics with 
the notion that together these supplement the beneficial effects. 
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e Fig. 3-17 Mechanisms underlying successful treatment of recurrent Clostridium difficile infection with 
fecal microbiota transplant. Relief of symptoms after fecal microbiota transplant has been associated with 
changes in microbial community structure, such as a decrease in the abundance of Proteobacteria as 
well as restoration of microbial diversity, increase in secondary bile acid production, and niche exclusion 


by other bacteria. 


Although synbiotics in liver diseases have been evaluated in 
NAFLD,” NASH,” and hepatic encephalopathy,” the correla- 
tion with microbial changes is described in a study investigating 
the role of a synbiotic effect on MHE.” Patients with MHE 
demonstrate significantly higher fecal levels of E. coli and Staphy- 
lococcus spp., which were significantly reduced with synbiotic 
supplementation comprising fermentable fiber (inulin, pectin, 
B-glucan, and resistant starch) and four bacterial strains (Pediacoc- 
cus pentoseceus, Leuconostoc mesenteroides, Lactobacillus paracasei, 
and L. plantarum). In contrast, a significantly higher non— 
urease-producing Lactobacillus sp. is noted following use of syn- 
biotics. Also, these changes persisted even 2 weeks after the 
discontinuation of synbiotics. A significant reduction in ammonia 
and endotoxin levels was observed with synbiotic therapy that 
correlated with a 50% resolution of MHE compared with only 
10% in the control group.”” Although this is encouraging, large 
well-designed clinical trials are needed to further define the role 
of synbiotics in the treatment of patients with liver diseases. 
Another major modulator of the intestinal microbiome is anti- 
biotic use, which can significantly impact the diversity, abundance, 
richness, evenness, gene expression, protein activity, and overall 
metabolism of the gut microbiota.”’’’”” Additionally, antibiotics 
can alter bacterial metabolic function and virulence.“ On the 
other hand, the beneficial effects of antibiotics in infections and 
sepsis are well established. Moreover, prophylactic antibiotic use 
in high-risk patients with cirrhosis such as those with a history of 
spontaneous bacterial peritonitis is recommended.” However, 
the impact of antibiotics on the intestinal microbiota is not well 


known in this situation. Hepatic encephalopathy is another 
common setting where a minimally absorbable oral antibiotic 
(rifaximin) is used in the treatment.”” Rifaximin minimally alters 
the intestinal microbiota in patients with MHE but significantly 
alters the microbial metabolic function.“® This further suggests 
that beyond the microbiome composition, it is the microbial 
metabolic functions that may be more relevant and important. 
Although antibiotic use is promising, the type, dose, duration, 
outcomes, etc., in liver diseases merit further investigations with 
special attention paid to the role of the intestinal microbiome. 

An emerging therapy in modulating the intestinal microbiome 
is fecal transplant and is highly effective for the treatment of recur- 
rent Clostridium difficile infection.” The proposed mechanisms 
of fecal transplant in recurrent C. difficile infection include modu- 
lation of microbial community structure, microbial diversity, and 
secondary bile acid production, and niche exclusion by other 
bacteria (Fig. 3-17). In a proof-of-concept innovative interven- 
tion, inoculation with a consortium of eight engineered murine 
intestinal bacteria with minimal urease gene content produced 
a durable new bacterial community with reduced fecal urease 
activity and ammonia production, and decreased morbidity and 
mortality.”* Although no published data exist, clinical trials 
to investigate the role of fecal transplant in liver diseases are 
under way. 

In summary, modulation of the intestinal microbiome through 
the approaches described above provides a promising therapeutic 
landscape for liver diseases. Large, multicenter, high-quality, well- 
designed clinical trials are needed to determine the efficacy, 


dosing, duration, and choice of therapy that specifically modulates 
dysbiosis, and their impact on long-term clinical outcomes in 
relation to manipulation of the intestinal microbiome. 


Conclusion 


It is now clearly apparent that the intestinal microbiome is a 
dynamic nonlinear oscillating ecologic system. It is a classic 
chaotic system, but is robust, and this allows the system to adapt 
to perturbations in the environment. Of note, the system can 
bifurcate and shift into a dysbiotic attractor that is also robust but 
represents a new undesirable stable disease state. 

One way to identify these oscillations is to perform longitudi- 
nal studies to discriminate true shifts in the ecosystem. We also 
propose that a cross-sectional clinical study of the microbiome 
involves subsampling time points from these innate ecosystem 
oscillations, and one can use the data to recapitulate the underly- 
ing oscillations. It is important to develop systems biology models 
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of the ecosystem to identify key causal factors that shift the 
healthy state to the disease state and to eventually predict such 
shifts. One of the key properties in such robust systems is that we 
may experimentally modulate a key component of the system but 
compensatory shifts in the dynamic system modulate the overall 
functionality of the system and minimize the effect of the experi- 
mental change. 

We also need to broaden our view of quorum sensing from 
that of bacteria communicating with bacteria to the human host 
communicating with the microbiome. In addition, it is becoming 
clear that the lymphatic system must play a role in this host- 
microbiome quorum sensing as well as quorum sensing between 
microbiomes in different ecologic niches of the human ecosystem 
such as the oral, vaginal, and lung microbiomes. 

In summary, to understand the healthy and disease states, we 
must develop new systems biology approaches to experimentally 
interrogate the human metabiome and to model the complex 
dynamics of the system. 


SUMMARY 


Recent Progress 

e Promising therapeutics for the modulation of the microbiota or its 
associated metabolites. 

e Better characterization of the intestinal barrier, mucosal and liver 
tolerance, and cell- and receptor-specific interactions with microbial 
products. 

e Next-generation sequencing technology has opened up a new era of 
microbiome research. 

e A cause-specific and disease severity—related intestinal microbiome is 
beginning to emerge. 


Key Knowledge Gaps 

e Understanding mechanisms of benefit or changes 

e Understanding functional implications of interventions 

e Understanding the side effects and risks associated with therapeutic 
modulations of the microbiota 

e Understanding dynamic changes in immune responses related to 
host-microbe and microbe-microbe interactions 

e Understanding longitudinal changes and specific mechanisms triggering 
disease and restoring health in humans 


References 


e Understanding the ecologic oscillation that occurs in the microbial 
ecosystem 

e Understanding the functionality of the microbiome, not just the taxonomy 

e Understanding dynamic changes within different disease stages with 
differing causes and their pathophysiologic/biologic relevance 


Future Directions 

e Rigorous, well-designed, large multicenter, multiethnic international trials 
to develop safe, efficacious, affordable, and readily available microbiome 
therapeutics 

e Development of better tools and techniques to characterize the intestinal 
microbiome, including the virome. 

e Better understanding of the underlying principles in homeostatic shifts in 
specific disease states and stages, and restoration of these to the normal 
milieu 

e Development of new systems biology models to predict microbiome 
function 

e Development of a robust and reproducible core intestinal microbiome 
signature with diagnostic, prognostic, and therapeutic response-related 
biomarkers 


The complete reference list is available at www.expertconsult.com. 
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ABBREVIATIONS 


AIM2 absent in melanoma 2 

APC antigen-presenting cell 

ASC apoptosis-associated specklike protein containing a 
caspase activation and recruitment domain 

DC dendritic cell 

HAV hepatitis A virus 

HBV hepatitis B virus 

HCC hepatocellular carcinoma 

HCV hepatitis C virus 

HDV hepatitis D virus 

HEV hepatitis E virus 

IFN interferon 

MAGE-A melanoma antigen gene A 

MCP-1 monocyte chemoattractant protein 1 

MDSC myeloid-derived suppressor cell 

MHC major histocompatibility complex 

NF-«B nuclear factor KB 

NK natural killer 

NKT natural killer T 

NLRP NOD-like receptor family pyrin domain 

NOD nucleotide-binding oligomerization domain 

PBC primary biliary cholangitis 

TCR T-cell receptor 

TGF-B transforming growth factor B 

TLR toll-like receptor 

TNF tumor necrosis factor 

Treg regulatory T 


Introduction 


The fundamental role of the immune system is to discriminate 
between self and nonself and to protect the host from invading 
pathogens. The immune system is present throughout the entire 
body in the form of circulating immune cells that reach and serve 
all organs, including the liver. Immune cells in the liver play an 
important role in immune surveillance and delivery of immune 
signals and pathogen- or damaged host—derived danger signals 
and antigens to the effector immune organs, including lymph 
nodes, thymus, and spleen. In addition to the circulating immune 
cells, organ-specific resident immune cells, such as Kupffer cells 
in the liver, also play a pivotal role in innate and adaptive immune 
responses. Given its size, its unique anatomy of being situated at 
the crossroads between the intestine and heart, and its distinctive 
infrastructure of circulation providing slow blood flow in the liver 
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sinusoids, the liver is an organ where ample immune interactions 
occur.' Overall, the liver is characterized by an immunotolero- 
genic environment that provides immunotolerance systemically 
and in the liver itself. One of the best manifestations of liver 
immunotolerance is in liver transplantation, where the extent of 
posttransplant immunosuppression required is less than in other 
solid organ transplantations. The liver responds as an immune 
organ both to pathogen-derived and sterile danger signals trigger- 
ing inflammation and/or adaptive immune responses. Sustained 
triggers result in chronic inflammation that elicits immunoinhibi- 
tory mechanisms. These mechanisms often overlap and trigger 
processes that promote liver fibrosis and, over time, lead to liver 
cirrhosis. 

The immune system comprises two major, yet closely interac- 
tive, components: innate and adaptive immunity. Each of these 
arms of the immune system is characterized by specialized cells 
with specific and interactive roles to accomplish recognition of 
danger signals and/or antigens that trigger an immune response 
that normally ends in elimination of the pathogen and/or resolu- 
tion of the antigen-induced immune response, often leaving the 
host with specific and lasting immunologic memory. 


Immune Cell Populations and Their 
Function in the Liver 


Neutrophils 


Neutrophils are the first cells that are recruited to a site of tissue 
injury in most bacterial infections, where they produce massive 
amounts of reactive oxygen species.” Circulating neutrophils are 
rapidly recruited to the liver parenchyma from the sinusoidal 
space by locally produced chemokines and through interactions 
between cell adhesion molecules expressed on neutrophils and 
sinusoidal endothelial cells.*’ Neutrophils have the plasticity to 
transmigrate through and between endothelial cells into the liver 
parenchyma.** Neutrophils also play an important role in tissue 
repair via their capacity to phagocytose bacteria and damaged 
cells, as well as via production of matrix metalloproteases impor- 
tant in tissue remodeling (Table 4-1). 


Monocytes and Macrophages 


Monocytes and macrophages represent the mononuclear phago- 
cyte innate immune cells that are remarkably adaptive and 
responsive to the tissue microenvironment.’ On entering the 
liver, circulating monocytes can mature into macrophages and 
express activation markers (CD68) and further differentiate into 


TABLE 
4-1 
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Immune Cell Populations and Their Functions in the Liver 


Monocytes Classic (CD14**, CD16") Differentiate to intermediate phenotype TNF-c, IL-6, IL-8, IL-1B 169-172 
Intermediate (CD14**, CD16") Share both macrophage and dendritic cell IL-13 
features Chemokines (CCL1, CCL2, 
Present antigens CCL3, CCL5) 
Secrete proinflammatory cytokines G-CSF, GM-CSF 
Profibrogenic IL-10 
Phagocytosis 
Nonclassic (CD14*, CD16**) Present antigens 
Macrophages M1: classically activated (IL-12T,, Clear endotoxins, debris, microbes, and 7, 171-174 
(Kupffer IL-10}, CD54*, Fe-receptor*, apoptotic hepatocytes 
Cells) CD14*, TLR4*, MD2*, CD11a/ Present antigens 
CD11b, CD40*, CD80+, CD86", Secrete proinflammatory cytokines IL-1, IL-6, TNF-a, ROI 
MHC-11*, CD1*) 
M2a: alternatively activated (IL-12J, Maintain tolerance under noninflammatory Prostanoids, IL-12, IL-18, NO 7, 171-175 
IL-107), IL-4 induced conditions 
Secrete antiinflammatory cytokines IL-10, TGF-B4, TGF-B2 
M2b: type II (IL-124, IL-107) , Secrete proinflammatory cytokines IL-1, IL-6, TNF-œ, ROI 7, 171-174 
immune complex and TLR induced 
M2c: deactivated (IL-124, IL-107), Matrix remodeling IL-10, TGF-B,, TGF-Bp, TAAL 2 
IL-10 and glucocorticoid induced a.-antitrypsin 174, 175 
Vascular relaxation NO 
Neutrophils Secrete proinflammatory cytokines ROS, elastase, FasL 4, 176-178 
Phagocytose microbes that are extracellularly 
trapped by Kupffer cells 
Dendritic Immature dendritic cell (CTLA4T, Take up antigens and migrate to draining lymph 173, 179-186 
cells PD1T, CD11aT, CD45T, MHC-II}, node to present the antigen 
CD83J, CD86) Maintain tolerance under noninflammatory 
conditions 
Mature dendritic cell (CTLA4/, PD14, Elicit immune response in regional lymph nodes IL-6, IL-12, TNF-o. 
CD200T, CD83, CD867) via secretion of proinflammatory cytokines 
Plasmacytoid dendritic cell (CD123*, Recognize and respond to viral PAMPs because IFN-y 14-17 
BDCA1*, CD303, CD304) of high TLR7 and TLR9 expression 
Can sense DNA from apoptotic bodies and 
induce tolerance through Treg cells 
Type | myeloid dendritic cell/classical Utilize TLRs 1-8 for general-purpose antigen TNF-«, IL-8, IL-10, IL-12, 
dendritic cell: (CD1c*) in addition to uptake, transport, and presentation IL-23 
myeloid dendritic cell markers Stimulate naive CD4 T cells 
(CD11c, CD13, CD33, CD11b). Help in T,1 and T,17 sensitization 
Type Il myeloid dendritic cell (CD141* High ability to take up necrotic cells IFN-A, IL-28, IL-29, TNF-c, 
or BDCA3*) in addition to myeloid Sense viral nucleic acids via TLR3 and TLR8 CXCL10 
dendritic cell markers (CD11c, Cross-presentation of antigen to CD8 T cells 
CD13, CD33, CD11b) 
CD14* dendritic cell Provide direct help to B cells IL-12 p70 187, 188 
(CD209, FXIIIA, CD163) Assist in formation of follicular helper T cells 
Liver CD146*, CD45" or CD31-, CD45°) Present antigens NO 173, 189-193 
sinusoidal Maintain tolerance under noninflammatory 
endothelial conditions 
Cells Regulate blood flow via NO 
Could become proinflammatory in disease 
Hepatic Resting (CD54, CD1064, CD80, Storage of retinoids 194 
stellate CD40T, MHC-IT, MHC-IIT, NCAMT, Control sinusoidal blood flow by contraction 
cells CD17) 
Activated (CD54T, CD106T, CD807T, Recruit leukocytes into hepatic parenchyma MCP-1, MIP-2, IL-8, CCL21, 144, 195 


CD40T, MHC-ITT, MHC-IIT, 
NCAMTT) 


during inflammation 


Secrete antiinflammatory cytokines 
Present antigens to T cells and NKT cells 
Secrete profibrogenic chemokines 


eotaxin, C4, RANTES, 
CXCL12 
IL-10, HGF 


PGDF-B, FGF-o., FGF- B, 
TGF-B 


Continued 
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TABLE 


PEI Immune Cell Populations and Their Functions in the Liver—cont’d 


Helper T cells 1,1 cells (CD4*, CD119*) Antifibrotic IL-2, IFN-y 196-198 
Activate M2 phenotype for Kupffer cells 
Activate CD8 T cells 
T,2 cells (CD4*, CD294*) Promote fibrosis IL-4, IL-5, IL-6, IL-10, IL-13 196-198 
Induce B-cell proliferation 
Tn9 cells (CD4*, IL-9*, IL-137, IFN-y-) Promote survival of other CD4* T cells IL-9, IL-10 199-204 
(autoimmunity) and mast cells (allergic 
inflammation) 
T,17 cells (CD4*, IL-23R) Stimulate every cell within the liver to produce IL-17 30, 205-209 
Classic (regulated) and alternative proinflammatory cytokines 
(pathologic) Promote hepatocytes to survive, proliferate, IL-22 30, 209-212 
regenerate, and make acute-phase reactants 
Treg Cells (CD4* CD257, CD1274, Secrete immunosuppressive cytokines IL-10, TGF-B 213 
FOXP3* ) 
yò T cells IFN-y-producing subset (V1 or Induce apoptosis in numerous cells, including IFN-y, TNF-œ, IL-2 214-217 
Vy9V62, CD56, CD161) tumors 
IL-17-producing subset (V4) Inhibit stellate cells and reduce fibrosis IL-17, IL-10 214, 217-219 
Protective functions in liver inflammation 
Inhibit pathogenic effects of CD8 T cells and 
NKT cells 
Cytotoxic T Tc1 (CD8*) Tolerogenic if primed within the liver IFN-y 192, 193, 
cells Tc2 (CD8*, CRTH2*) Cytotoxic if primed within the lymph node IL-4, IL-5, IL-13 220-224 
Tc17 (CD8*) IL-17 
B cells CD19*, CD20* Produce antibodies IL-4, IL-6, IL-10, TGF-B 18, 31-36 
Activated B cells (CD19*, CD69*) Produce proinflammatory cytokines 
Promote fibrosis 
Act as a reservoir for HCV 
NK cells CD56°""' (CD3-, CD56*, CD16", Antiviral IFN-y, TNF-æ, IL-10, IL-12, 225-229 
CD69*-, CCR7*, CXCR3+, Antifibrotic IL-22, MIP-1, IL-8, RANTES 
MIP-10/B*, KIR, TRAIL*, ADCC) Antiregenerative 
CD56" (CD3, CD56*, CD16, Antitumoral 
CD69", perforin’, granzyme B*, 
KIR*, ADCC) 
NKT cells Classic (CD1d restricted, TCR Promote fibrosis IFN-y, IL-4, IL-13 173, 230-233 
restricted to V 014° Væ18, and Cytotoxic to tumor cells 
VB8, CD4* or DN) 
Nonclassic (CD1d restricted, diverse Suppress antitumor immunity 173 231 234 


Vo and VB, CD4*, CD8*,or DN 


IFN, Interferon; JL, interleukin; MIP. macrophage inflammatory protein; NK, natural killer; NAT, natural killer T, RANTES, regulated on activation, normal T cell expressed and secreted; ROS, reactive 


oxygen species; TGF transforming growth factor; TNF tumor necrosis factor. 


inflammatory M1 or alternatively activated M2 phenotypes, or, as 
recently recognized, into intermediary forms within the M1 and 
M2 spectrum.” The M1 phenotype is characterized by cell surface 
expression and production of high levels of proinflammatory 
cytokines.” The alternately activated M2 macrophage phenotype 
expresses surface mannose receptor, CD206, CD 163, and arginase 
and produces IL-10 and transforming growth factor B (TGF-B).'° 
The liver-resident macrophages, Kupffer cells, are characterized by 
expression of F4/80, and their role has been characterized mostly 
as proinflammatory in different chronic liver diseases." 


Dendritic Cells 


Dendritic cells (DCs) are a heterogeneous cell population that 
can be categorized on the basis of their origin, surface receptor 


expression, and functions into plasmacytoid and myeloid DCs. 
Depending on their maturation state, DCs can have an immature 
phenotype that, in response to stimuli from the tissue microen- 
vironment or pathogens, changes to a mature phenotype char- 
acterized by changes in surface markers and T-cell stimulatory 
mediator (IL-12) production.'*'’ The predominant DC pheno- 
type in the liver is the immature DC that likely contributes 
to the tolerogenic liver environment.” Furthermore, DC matu- 
ration is inhibited by TGF-B, IL-10, and prostaglandins that 
are all enriched in the liver.'’ Mature DCs are the most potent 
antigen-presenting cell (APC) types as they potently activate T 
cells. Plasmacytoid DCs (CD123*BDCAI*) are best equipped 
to recognize and respond to viral pathogen-associated molecular 
patterns because of their high expression of toll-like receptor 7 
(TLR7) and TLR9 and their capacity to produce the highest levels 


of interferon-o (IFN-c) among all cell types.'*'” The myeloid 
DC population includes classic myeloid DCs (DCs expressing 
CD11c, CD13, CD33, and CD 1 1b), type I myeloid DCs (CD1c* 
myeloid DCs), and type II myeloid DCs (CD141* myeloid DCs 
or BDCA3* myeloid DCs).'*'” The latter represents a small popu- 
lation, characterized by surface expression of BDCA3 and a high 
capacity to produce type II IFNs (IFN-A species; IL-28 and 
IL-29).'8 


Natural Killer Cells and Natural Killer T Cells 


Natural killer (NK) and NK T (NKT) cells are lymphocytes that 
do not express antigen receptor with somatic diversification, 
which distinguishes them from T and B cells.” NK cells contrib- 
ute up to 50% of the human hepatic lymphocyte population, 
whereas they constitute between only 5% and 20% of circulating 
lymphocytes.” 

NKT cells express T-cell receptors (TCRs) and a prototypic 
Nk-cell marker of the C-type lectin superfamily (i.e, NK1.1). 
The predominant TCR on NKT cells is the invariant TCR, Val4/ 
Ja281 in the mouse and Va24/JaQ in humans.” The classic invari- 
ant NKT cells recognize their specific ligands in a CD1d-restricted 
fashion of O-galactosylceramide triggering release of mediators. 
NK cells recruit NKT cells to the liver.” NKT cells exert their 
functions in the liver through membrane-bound effector mole- 
cules, Fas ligand, and CD40, as well as through the release of 
death-inducing mediators such as granzyme B and perforin from 
intracellular vesicles.” 


T-Cell Populations 


T cells are characterized by CD3 expression, and are typically 
divided into CD4 and CD8 lymphocytes on the basis of expres- 
sion of these surface markers. The TCR utilization divides T cells 
into O/B and y/6 T cells, of which the y/6 T-cell population is 
well represented in the liver." The liver features a unique immune 
microenvironment that favors immune tolerance locally and sys- 
temically, and CD4 T cells contribute to this process.” The type 
of interaction of CD4 T cells with APCs determines the develop- 
ment of the T cells into T,1 cells, T,2 cells, regulatory T (Tg) 
cells, or T,17 cells. T,1 CD4 T cells produce IFN-y and TNF-a, 
whereas T;,2 CD4 T cells are potent producers of IL-4, IL-10, and 
IL-13. CD4 Tyg cells produce IL-10 and TGF-f, and these cyto- 
kines have negative regulatory function on T,17 cells that produce 
IL-17 and IL-22.” 

CD8 cells represent a large proportion of hepatic T lympho- 
cytes.” CD8 T cells, for the most part, are cytotoxic lymphocytes 
that induce apoptosis via Fas ligand, secrete proinflammatory 
cytokines, and induce cytolysis. CD8 T cells are recruited to the 
liver independently of their antigen specificity. Most notably, 
CD8 T cells are critical in viral hepatitis. 

T,17 cells and Te cells have opposing effects, and a regu- 
lated balance between these cells may be crucial for maintenance 
of immunologic stability. Disruption of this balance may lead 
to chronic inflammation and autoimmunity.” Both T,17 cells 
and Teg cells require TGF-B for their differentiation, but the 
level of cytokine required is different.” Thus depending on the 
cytokine milieu, the differentiation of T,., cells may be linked 
to the differentiation of T,17 cells.® Recent studies in humans 
have revealed activated T\,17 cells and T),17-related cytokines in 
various liver diseases, including alcoholic, viral, and autoimmune 
liver diseases.” 


CHAPTER 4 The Liver as an Immune Organ 


B Cells 


B cells make up a very small portion of the lymphocyte population 
in the liver. They have been shown to be involved in autoimmune 
liver diseases, as the T,2 cytokines that activate the B cells and 
induce antibody production are most commonly seen in these 
diseases.” Autoimmune hepatitis, primary biliary cholangitis 
(PBC; formerly called primary biliary cirrhosis), and primary scle- 
rosing cholangitis are the three major autoimmune diseases affect- 
ing the liver, where B cells were found to play a role in disease 
pathogenesis.*' The number of infiltrating B cells is higher in the 
liver of a PBC patient than in the liver of a patient with primary 
sclerosing cholangitis. Also, the proportion of CD19*°CD69% acti- 
vated B cells was found to be significantly higher in the liver than 
in peripheral blood of PBC patients.” The process of B-cell 
homing to the liver is still not clear, but CXCL13 and CXCR5 
have been shown to play a critical role in the process.” The major 
source of CXCL13 are the myeloid DCs in the liver.” Lipopoly- 
saccharide can also induce CXCL13 production in human 
monocyte-derived DCs, thus suggesting the role of stimulation of 
DCs with bacterial products in inducing B-cell infiltration and/ 
or activation in autoimmune liver diseases.*'”’ Studies of livers 
infected with hepatitis C virus (HCV) also suggest that CXCL13 
is crucial for B-cell infiltration and recruitment in the liver.” 
Peripheral B cells can act as reservoirs of HCV and thus cause 
persistent HCV infection.” B cells have been postulated to play 


an important role in liver fibrosis as their depletion inhibits 
fibrosis.*° 


Functions of the Immune 
System in the Liver 


Innate Immunity 


Innate immunity is the first line of defense in immunity through 
mostly evolutionarily preserved mechanisms that protect the 
host against invading microorganisms. Pattern recognition recep- 
tors have the specialized function to sense pathogen-associated 
molecular patterns and/or damaged host cells and trigger innate 
immune responses characterized by inflammation and/or IFN 
production. The cell types specialized in innate immunity include 
neutrophil leukocytes, monocytes, macrophages, DCs, and NKT 
cells. These cell types have different phenotypes and functional 
profiles that contribute to inflammation and pathogen killing via 
production of reactive oxygen species, cytokines, and other cyto- 
toxic mechanisms. In addition, innate immune cells, particularly 
macrophages and neutrophil leukocytes, provide resolution and 
repair of tissue injury through matrix proteases and cytokines. 
Innate immune cells, including monocytes and DCs, are pivotal 
in triggering adaptive immunity through their antigen-presenting 
functions. 


Pattern Recognition Receptors 


Pattern recognition receptors include a family of evolutionarily 
preserved receptor systems involved in immune danger signal 
recognitions, such as TLRs, helicase receptors, and nucleotide 
oligomerization domain (NOD)-like receptors” (Fig. 4-1). 
The family of TLRs includes 11 different TLRs in mammalian 
systems, of which some are expressed on the cell surface and others 
are expressed intracellularly. Ligand recognition by TLRs rapidly 
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e Fig. 4-1 Pattern recognition receptors include a family of evolutionarily preserved receptor systems 
involved in immune danger signal recognitions such as toll-like receptors (TLRs), helicase receptors, and 
NOD-like receptors. AIM2, Absent in melanoma 2; AP-1, antigen presenting 1; ASC, apoptosis-associated 
specklike protein containing a caspase-recruitment domain; DAI, DLM-1/ZBP1; DAMP. danger-associated 
molecular patterns; IFN, interferon; IL, interleukin; /RF interferon regulatory factor; MDA5, melanoma 
differentiation-associated protein 5; NF-«B, nuclear factor xB; NLR, NOD-like receptor; NLRA NOD-like 
receptor family pyrin domain; NOD, nucleotide oligomerization domain; PAMP pathogen-associated 
molecular pattern; RIG-/, rationoic acid inducible gene 1; RLR, RIG-like receptor; TLR, toll-like receptor; 


TNF tumor necrosis factor. 


recruits one of the TLR adapter molecules, myeloid differentiation 
primary response gene 88 (MyD88) or TIR domain—containing 
adapter-inducing interferon (TRIF), that triggers complex down- 
stream signaling events. The MyD88-dependent TLR signaling 
results in activation of IL-1 receptor—associated kinases 1 and 4 
and the nuclear factor KB (NF-KB) complex, leading to nuclear 
translocation of the transcription factor p65/p50 NF-«B dimer. 
This NF-KB dimer readily binds to the NF-«B binding site 
present in the promoter region of all proinflammatory cytokine 
genes, including those encoding TNF-a, IL-1B, IL-6, and many 
other inflammation-related cytokine genes” resulting in rapid 
proinflammatory cytokine production. 

The MyD88-independent TLR signaling pathway involves 
TANK-binding kinase 1 activation and IFN regulatory element 
3 phosphorylation. This results in nuclear translocation of IFN 
regulatory element 3, which induces production of type I IFNs. 
Most TLRs can activate both proinflammatory cytokines and IFN 
production in innate immune responses. 


The family of retinoic acid—inducible gene 1 (RIG-I)-like 
receptors includes nucleic acid—sensing receptors that are pivotal 
in recognition of the different hepatitis viruses and other patho- 
gen- or host-derived nucleic acid signals“! (see Fig. 4-1). RIG-I 
and melanoma differentiation—associated protein 5 (MDAS) are 
intracellular helicases that, on ligand activation, induce type I IFN 
production in immune cells and hepatocytes.‘ 

The inflammasome is an intracellular multiprotein complex 
that plays a role in recognition of and response to a variety of 
intracellular danger signals.’ Inflammasomes are named after 
their intracellular sensors, such as NOD-like receptor family pyrin 
domain (NLRP) 1, 3, or 4, or absent in melanoma 2 (AIM2), 
and may contain adapters, such as apoptosis-associated specklike 
protein containing a CARD (ASC), that assemble on ligand 
sensing, leading to cleavage of the procaspase 1 precursor into 
active caspase 1.“ On inflammasome activation, caspase 1 cleaves 
the precursors of IL-1B, IL-18, and IL-33 to their cleaved active 
forms“ (see Fig. 4-1). 


Whereas pattern recognition receptors were first identified in 
immune cells, TLRs, retinoid X receptors, and inflammasomes are 
expressed and can be functionally active in most cell types in the 
liver, including hepatocytes, cholangiocytes, sinusoidal endothe- 
lial cells, and stellate cells.“ This diversity of cellular responses 
creates another layer of complexity in liver diseases because, 
depending on the danger signal and the cell types involved, the 
understanding of biologic responses and their changes in disease 
is challenging. For example, hepatocytes respond to innate 
immune stimuli in the liver and they recognize single-stranded 
RNA via TLR7 and double-stranded RNA via TLR3 and RIG-I, 
resulting in type I IFN production.“®“ In addition, hepatocytes 
also have TLR-mediated NF-«B activation and production of 
monocyte chemoattractant protein 1 (MCP-1), a proinflamma- 
tory chemokine.** Furthermore, activation of the inflammasome 
occurs in hepatocytes exposed to the metabolic stimulus of unsat- 
urated fatty acid in the presence of lipopolysaccharide/TLR4 


i r 4 
activation. i 


Chemokines, Cytokines, and Interferons 


Immune cells and parenchymal cells in the liver produce a variety 
of soluble mediators that play important roles in the maintenance 
of immune homeostasis, host defense, tissue repair, or fibrosis. 
Chemokines are peptides and proteins that, through binding to 
their respective receptors expressed on selective immune cells, 
provide a signal for recruitment and/or homing of the immune 
cell to a tissue or the organ.” The family of chemokines includes 
CC and CXC chemokines.” In addition to providing pivotal 
signals in immune cell trafficking, chemokines also influence the 
activation state of immune cells and sensitize or desensitize them 
to other immune signals. The chemokine MCP-1 has multifunc- 
tional roles in hepatocytes, and results in intracellular fat deposi- 
tion.” This nicely demonstrates the close interactions between 
immune cells, immune mediators, and their effect not only on 
the immune cell types but also on other parenchymal cell types 
in the liver. The family of IFNs play a diverse role in viral infec- 
tions, immunoregulation, and host defense (Table 4-2). 


Antigen Presentation and Adaptive Immunity 


Adaptive immunity provides a sustained and long-term antigen- 
specific immune response that is triggered by antigen presentation 
by innate immune cells or B cells to T lymphocytes. This process 


Immunity 


Antigen 


T cell APC 
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results in induction and expansion of antigen-specific T-cell clones 
and memory that allows expansion of the antigen-specific T cells 
in response to the particular antigen on rechallenge, thereby pro- 
tecting the host in long-term immune memory. 

Professional APCs include DCs, monocytes, macrophages, and 
B cells in the immune system.” Antigen presentation by these 
specialized APCs is required for antigen-specific activation and 
expansion of T-cell responses. Antigens are recognized by TCRs 
as they are presented in the peptide-binding groove of surface- 
expressed major histocompatibility complex (MHC) class I or 
class II molecules on APCs” (Fig. 4-2). 

In addition to the professional APCs, several other cell types 
have been described to present antigens to T cells. In contrast 
to the professional APCs that express costimulatory molecules 
for effective antigen presentation, liver-resident cells lack key 
costimulatory molecules, thereby resulting in suboptimal antigen- 
specific T-cell activation. Antigen-specific T-cell stimulation in the 
absence of all costimulatory signals, however, results in immune 
tolerance instead of immune activation.” In fact, the highly 
immunotolerogenic properties of the liver have been attributed to 
the presence of nonprofessional APC types. These include hepato- 
cytes, liver sinusoidal endothelial cells, biliary epithelial cells, and 
stellate cells.” Cosignaling molecules play a pivotal role in regulat- 
ing T-cell activation, subset differentiation, effector function, and 
survival.” After recognition of cognate peptide-MHC complexes 
on APCs by TCR, cosignaling receptors co-localize with TCR at 
the immunologic synapse, where they synergize with TCR signal- 
ing to promote or inhibit T-cell activation. The classic two-signal 
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DC, Dendritic cell; /FN, interferon; /L, interleukin; NK, natural killer. 
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e Fig. 4-2 Antigens are recognized by T-cell receptors as they are presented in the peptide-binding groove 
of surface-expressed major histocompatibility complex (MHC) class | or class Il molecules on antigen- 
presenting cells. APC, Antigen-presenting cell; TCR, T-cell receptor. 
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model includes the B7-CD28 interaction; however, recent dis- 
coveries provide evidence for critical roles of other costimula- 
tory molecule interactions in fine-tuning T-cell activation. For 
example, interactions between cytotoxic T-lymphocyte—associ- 
ated protein 4 (CTLA4) expressed on T cells and B7 molecules 
on APCs result in early co-inhibitory signals (see Fig. 4-2), 
and further inhibition can be achieved when programmed cell 
death protein 1 (PD1) expressed on T cells engages with ligand 
on APCs.” 


Inflammation and Innate 
Immunity in Liver Diseases 


The role of inflammation has been widely studied in alcoholic 
liver disease, nonalcoholic liver disease, and nonalcoholic steato- 
hepatitis (Fig. 4-3). 

The pathomechanism of alcoholic liver disease involves sig- 
nificant inflammation in the liver and increased circulating levels 
of proinflammatory cytokines” (Fig. 4-4). Studies using TLR4- 
mutant or TLR4-deficient mice demonstrated that TLR4 activa- 
tion is a central element of the alcohol-related up-regulation of 
the inflammatory cascade,” with downstream signaling result- 
ing in NF-KB activation. Our group has demonstrated that 
downstream of TLR4, IFN regulatory element 3 is a critical 
molecule in regulation of alcohol-induced hepatocellular death 
and that absence of IFN regulatory element 3 fully protects from 
alcohol-induced hepatocyte death, steatosis, and inflammation in 
mice.’ Hepatocyte-derived danger signals, ATP and uric acid, 
together with gut-derived endotoxin synergize in induction of 
TLR signaling and inflammasome activation in liver mononuclear 
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cells and macrophages in alcoholic liver disease.” The clinical 
presentation of alcoholic hepatitis, an acute and mostly severe 
form of alcoholic liver disease, is characterized by high mortal- 
ity as well as significantly increased levels of circulating TNF-a, 
IL-1B, and IL-6.°° These cytokines mediate many of the clinical 
manifestations of alcoholic hepatitis, including the catabolic state, 
fever, leukocytosis, muscle degradation, and worsening of already 
impaired gut permeability.” 

Activation of the inflammatory cascade with macrophage 
recruitment to the adipose tissue and liver, as well as TLR4 and 
TLR9 activation, is found in nonalcoholic steatohepatitis.“ 
Recent studies of mice with high fat, high cholesterol, and high 
sucrose diet—induced nonalcoholic steatohepatitis dissected the 
evolution of steatosis and inflammation and found that the 
appearance of sterile danger signals and lipopolysaccharide in 
the circulation with prolonged diet feeding correlates with increas- 
ing elements of TLR and inflammasome activation and the cor- 
responding presence of nonalcoholic steatohepatitis on liver 
histologic examination’? (see Fig. 4-4). 


Immune Response in Viral Hepatitis 


All five viruses—hepatitis A virus (HAV), hepatitis B virus (HBV), 
HCY, hepatitis D virus (HDV), and hepatitis E virus (HEV)— 
that are responsible for most of the world’s cases of acute and 
chronic hepatitis induce innate and adaptive immune responses 
in the liver. Viral nucleic acids are recognized by intracellular 
pattern recognition receptors (see Fig. 4-4). They cause a wide 
spectrum of disease, ranging from fulminant hepatitis to cirrhosis 
and hepatocellular carcinoma (HCC). Among these viruses that 
infect the human liver, HBV and HCV cause chronic infection 
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e Fig. 4-3 The role of inflammation has been widely studied in alcoholic liver disease, nonalcoholic liver 
disease, and nonalcoholic steatohepatitis. /L, Interleukin; LPS, lipopolysaccharide; MCP-1, monocyte 
chemoattractant protein-1; M/P-7, macrophage inflammatory protein-1; NK, natural killer; NKT, natural 
killer T; PAMP, pathogen-associated molecular pattern; RANTES, regulated on activation, normal T cell 
expressed and secreted; ROS, reactive oxygen species; TNF, tumor necrosis factor. 
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e Fig. 4-4 The pathomechanism of alcoholic liver disease involves significant inflammation in the liver and 
increased circulating levels of proinflammatory cytokines. AIM2, Absent in melanoma 2; ALD, alcoholic 
liver disease; AP-1, antigen presenting 1; ASC, apoptosis-associated specklike protein containing a 
caspase-recruitment domain; DA/, DLM-1/ZBP1; DAMP. danger-associated molecular patterns; HBV, 
hepatitis B virus; HCV, hepatitis C virus; /FN, interferon; IL, interleukin; /RF interferon regulatory factor; 
MDAS5, melanoma differentiation—associated protein 5; NASH, nonalcoholic steatohepatitis; NF-«B, 
nuclear factor xB; NLR, NOD-like receptor; NLRP NOD-like receptor family pyrin domain; NOD, nucleotide 
oligomerization domain; PAMP. pathogen-associated molecular pattern; RIG-/, rationoic acid inducible 
gene 1; RLR, RIG-like receptor; TLR, toll-like receptor; TNF tumor necrosis factor. 


and liver damage and are therefore responsible for most of the 
liver transplantations worldwide.” 


Hepatitis C Virus 
HCV is a noncytopathic, hepatotropic, single-stranded RNA 


virus, and viral-specific immune response plays an important role 
in the pathogenesis and outcome of the infection.” ™” 

During HCV infection, adaptive immune responses appear 
very late, approximately 8 to 12 weeks after infection, which likely 
contributes to the high rate of chronicity and failure of the host 
immune response to eliminate HCV. Only a fraction of patients 
who are able to mount broad CD4* T-cell responses are able to 
clear the virus in their acute phase.”*”* These patients also have 
high levels of T cells secreting IL-17A and IL-21.”? However, in 
most of these acute HCV-infected patients, the HCV-specific 
CD8* T cells have impaired proliferation, IFN-y production, and 
cytotoxicity. 76 


Chronic HCV infection is characterized by impaired CD4* 
and CD8* T-cell responses. Antigen-driven exhaustion and loss 
of IL-21-producing T,17 cells also leads to loss of CD8* T-cell 
responses.” There is increased expression of inhibitory markers 
PD1, T-cell immunoglobulin and mucin-domain containing-3 
(TIM3), CD160, and 2B4 (CD244) in the CD8* T cells in 
chronically infected patients.”*° Not only is there a down- 
regulation of T-cell responses during chronic HCV infection, the 
virus also escapes the cellular and humoral immune response by 
its high replication capacity and also by mutation." Despite great 
progress being made in the development of antiviral therapies for 
HCY, it remains the sole hepatitis virus for which a vaccine is not 
yet available.**** The absence of antibody-based immunity against 
reinfection has been a hindrance for the development of an HCV 
vaccine.” 

On the basis of advanced techniques of viral detection, it has 
been estimated that up to 30% to 50% of hepatocytes are infected 
in patients during chronic HCV infection.*°*’ Hepatocytes are 
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infected by blood-borne HCV through binding of the virus to 
several receptors: tetraspanin CD81, scavenger receptor class B 
type I, the tight junction proteins occludin and claudin, and 
cholesterol absorption receptor Niemann-Pick C-like 1.°° In 
addition, cell-to-cell transmission of infectivity and infectivity 
via exosomes has been demonstrated in hepatoma cell cultures 
in the presence of neutralizing antibodies.*””’ The HCV RNA 
genome is translated into a single protein in the hepatocyte and 
it is cotranslationally and posttranslationally processed by cellular 
and viral proteases into structural (C, El, E2, p7) and nonstruc- 
tural (NS2, NS3, NS4A, NS4B, NS5A, and NS5B) proteins. The 
nonstructural proteins become part of the replication complex 
in which positive-strand RNA molecules are transcribed via the 
negative-strand RNA intermediates.”® 

HCV RNA structures are recognized by cytosolic pattern rec- 
ognition receptors, where TLR7/TLR8 senses single-stranded 
HCV RNA and TLR3 and the helicase receptors RIG-I and 
MDAS sense double-stranded RNA.”””’ The HCV internal ribo- 
somal entry site is recognized by RNA-dependent protein kinase 
R, whereas RIG-I recognizes the HCV uncapped RNA and short 
double-stranded RNA.” Longer HCV double-stranded RNA 
intermediates activate endosomal TLR3 in infected hepatoma 
cells.” On activation, protein kinase R and RIG-I signaling 
cascades lead to IFN-B synthesis, and proinflammatory cytokines 
such as TNF-a and CXCL10 are also secreted with NF-KB activa- 
tion. HCV escapes the innate immune system by inhibiting the 
IFN-B and IFN-stimulated gene induction in infected hepato- 
cytes.”””® The noninfected nonparenchymal cells are also a source 
of type I and type IH IFNs during HCV infection, as Kupffer 
cells express IFN-B, plasmacytoid DCs produce IFN-o, and type 
II myeloid DCs are a source of IFN-A.”?"°! 

HCV proteins, core, NS3, and NS5, were shown to activate 
surface-expressed TLR2/TLR1 and TLR2/TLR6, resulting in 
proinflammatory cytokine production in monocytes and macro- 
phages. °>" TLR7/TLR8 stimulation by HCV single-stranded 
RNA can also induce proinflammatory cytokines in macrophages 
and monocytes.” 


Hepatitis B Virus 


HBV is responsible for approximately 350 million chronic infec- 
tions worldwide, mostly resulting from vertical transmission from 
mother to child. HBV is a small enveloped DNA virus that 
establishes a mini-genome, the covalently closed circular DNA, as 
its transcriptional template in host cells.” HBV infection is 
mostly acute and self-limited if infection occurs during adult- 
hood; however, it is chronic after neonatal infection." Between 
15% and 25% of patients with chronic hepatitis B die of liver 
failure or liver carcinoma. 

Acute HBV infection is cleared by a strong adaptive immune 
response that confers lifelong protective immunity, which is 
inversely correlated to the innate response during the first months 
of infection. HBV does not induce an IFN-stimulated gene 
response when it spreads through the liver and infects almost 
100% of the hepatocytes.” Viral replication occurs within 
viral capsids in the cytoplasm, and the viral RNAs generated 
are capped and polyadenylated, thereby resembling host mes- 
senger RNAs, and as a result remain invisible to the innate 
immune response. However, the absence of innate responses 
does not impair the induction of a vigorous HBV-specific CD4* 
T-cell response.'”” This CD4* T-cell response determines the 
outcome of HBV infection because CD4* T-cell depletion in the 


chimpanzee model abrogates the antiviral CD8* T-cell response 
and results in chronic infection. HBV vaccine induces an anti- 
body response that is also observed in individuals with natural 
immunity. 


Hepatitis D Virus 


HDV is an enveloped, negative-sense, single-stranded, closed cir- 
cular RNA virus. HDV requires HBV to propagate, and infection 
with both viruses typically results in severe liver disease.''' Between 
70% and 80% of patients with chronic hepatitis D develop cir- 
rhosis; 60% of these die within 10 years. Though the immuno- 
pathogenesis of infection with HDV, a virus that causes severe 
liver disease on coinfection and superinfection with HBV, has not 
been characterized yet, the vaccine against HBV also protects 
against HDV infection. 


Hepatitis A Virus and Hepatitis E Virus 


HAV and HEV are both positive-stranded nonenveloped RNA 
viruses. Current trends show a high prevalence of HAV and HEV 
coinfection in developing countries.''* HAV is transmitted via the 
fecal-oral route and is a common infection responsible for approx- 
imately 1.4 million new infections worldwide each year.''? Anti- 
bodies to HAV can be detected during acute illness, when serum 
aminotransferase activity is elevated and fecal HAV shedding is 
still occurring. Hepatitis A remains self-limited and does not 
progress to chronic liver disease. A high incidence of severe HAV 
infections is observed among nonvaccinated persons who encoun- 
ter the infection late in life. HAV vaccination (inactivated or live 
attenuated) prevents infection for more than 25 years. "41 

HAV activates innate pattern recognition receptors in infected 
cells and cleaves downstream signaling molecules. The HAV 
double-stranded RNA that is produced during its replication 
cycle is sensed by TLR3, and also by the cytoplasmic RIG-I- 
like receptor MDA5.' HAV also cleaves the adaptor molecules 
TRIF''° and mitochondrial antiviral-signaling protein (MAVS)'"” 
downstream of these sensors. HAV induces only a limited type 
I IFN response even with 100-fold higher intrahepatic vital 
titers, and as a result is successful in preventing innate immune 
response. ''* Viral clearance of HAV coincides with a strong HAV- 
specific response by IFN-y-, IL-2-, and IL-21-producing CD4* T 
cells that appear 4 to 8 weeks earlier than in HCV infection'”” 
and, along with a strong neutralizing antibody response, is asso- 
ciated with a decline in HAV viremia and lifelong protective 
immunity. 

HEV is also an enterically transmitted virus, and it occurs 
primarily in Asia, Africa, and Central America. HEV is a nonen- 
veloped, single-stranded, positive-sense RNA of the family Hep- 
eviridae. The IgM and IgG classes of antibodies to HEV can be 
detected, but the level of the former falls rapidly after acute infec- 
tion, reaching low levels within 6 months.'*” HEV can also lead 
to acute liver failure, chronic infection, or extrahepatic symptoms. 
HEV infection is higher among pregnant women than nonpreg- 
nant women.’ Both human and animal studies have suggested 
that the immune response, rather than viral damage to hepato- 
cytes, may drive clinical manifestations of hepatitis E, which also 
leads to self-limiting acute viral hepatitis and acute liver failure. 
One indication that pathogenesis may be mediated in large part 
by the immune system rather than by the virus itself is that the 
onset of disease symptoms typically coincides with a rise in the 
level of antibodies and a decline in viral load.'”° 


Autoimmunity in Liver Diseases 


Autoimmunity is characterized by hyperactivated T-cell and B-cell 
responses to autoantigens and self-antigens in many autoimmune 
diseases. Aberrant immune autoreactivity and genetic predisposi- 
tion characterize autoimmune hepatitis, a chronic progressive liver 
disease.'*'”* The target antigens are yet to be characterized, and 
it has been suggested that liver membrane-specific activated T cells 
are important in the pathogenesis. Recent studies particularly 
focused on the role of T17 cells as increased IL-17 levels are 
found in patients with autoimmune hepatitis.'*? Increase in the 
number of T,17 cells in the liver correlates with the severity of 
autoimmune hepatitis and the inflammatory process. This increase 
T,17-cell activation is in contrast with the impairment of the 
Treg cell population.'**'”? Indeed, the balance between T,17 cells 
and Teg cells has a major role in keeping a balance between 
immune activation and immune tolerance. 

In PBC, chronic cholestasis characterized by destruction of 
small- and medium-sized intrahepatic bile ducts, autoimmune 
mechanisms drive the chronic bile duct damage. Autoreactive 
CD4* and CD8* T cells are involved in the pathogenesis, and 
the autoantigen is yet to be characterized.” In humans with 
PBC there is an increase in the levels of IL-17 and associated 
inflammatory cytokines, such as IL-18, IL-6, and IL-23, and 
the liver tissue is enriched in T,17 cells.” Overall, enhanced 
T,,17-cell responses and weakened T,,,-cell responses are present 


in PBC. 


Liver Fibrosis and Immune Response 


Fibrosis is the inappropriate tissue repair of the liver resulting 
from chronic liver injuries such as alcohol-induced damage, 
chronic viral hepatitis, and autoimmune and metabolic diseases. '”” 
When fibrosis is not controlled, it can further progress to cirrho- 
sis.” Liver fibrosis is an important public health concern with 
significant morbidity and mortality.” However, some recent 
clinical reports have shown that fibrosis could be reversible.” 

The pathogenesis of liver fibrosis is complex and varies between 
different kinds of hepatic injuries. Nonetheless, inflammation is 
the most common and important feature of liver fibrosis.'** The 
various immune cell types in liver that contribute to profibrotic 
inflammation are described below: 

e Platelets: Platelets are the first cells recruited to the site of the 
liver injury. They initiate the coagulation cascade to limit blood 
loss, converting fibrinogen to fibrin.” Platelets have a capacity 
to secrete TGF-B and platelet-derived growth factor, the two 
most potent profibrotic factors.'*° 

e Neutrophils: Neutrophils rapidly infiltrate the site of liver 
injury and migrate into the hepatic parenchyma. Later, neu- 
trophils adhere to hepatocytes through hepatocyte intercellular 
adhesion molecule 1 and ß, integrins and neutrophil Mac-1. 
Besides, neutrophils synthesize human neutrophil peptide 1'°” 
and IL-17A, which enhance hepatic fibrosis by inducing cell 
proliferation and activating hepatic stellate cells respectively.” 

e NK cells: The liver has a rich population of NK cells. On injury, 
NK cells accumulate through a chemokine receptor CKCR6— 
dependent pathway, exacerbating the inflammatory response 
and promoting hepatic fibrogenesis. Profibrotic activity of NK 
cells comes from their ability to produce proinflammatory 
cytokines such as IL-4 and IL-13.' On the other hand, 
depending on the stimulus, NK cells can produce IFN-y to 
induce death or senescence of activated hepatic stellate cells.'“° 
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e Macrophages. Macrophages are the central orchestrators of 
hepatic fibrogenesis.'“' Depletion of macrophages in animal 
models leads to reduction in fibrosis and inflammation.’ 
Macrophages regulate inflammation and fibrosis by producing 
factors such as TGF-B, IL-1, IL-8, platelet-derived growth 
factor, TNF-@, and MCP-1."*’ These factors have been proven 
to promote activation, proliferation, chemotaxis, extracellular 
matrix accumulation, and survival of myofibroblasts.“ 

e Myofibroblasts: Myofibroblasts are prototypic fibroblast-like 
cells of mesenchymal origin and can regulate repair of the liver 
injury. They are defined by their ability to produce extracellular 
matrix proteins and exhibit contractile activity. Although myo- 
fibroblasts are derived from bone marrow following liver 
injury, hepatic stellate cells are their primary source within the 
liver.“ Myofibroblasts can also arise from cells that undergo 
epithelial-to-mesenchymal transition,“ which has been associ- 
ated not only with embryonic development and cancer, but 
also with tissue regeneration and fibrosis. 

e Hepatic stellate cells: Almost all the cell types contribute to the 
inflammation in the liver, and these inflammatory stimuli con- 
verge to hepatic stellate cells. Hepatic stellate cell activation is 
mediated by inflammatory proteins such as TGF-B and TNF- 
, which also play a major role in recruitment of inflammatory 
cells through different mechanisms. “7 


Inflammation and Immunity in Liver Cancer 


Liver cancer or HCC is the third leading cause of cancer-related 
death worldwide, resulting in more than 600,000 deaths per 
year.“ Every year there are 500,000 new cases, mostly from the 
Asia-Pacific region, often due to HBV infection.“ HCC can be 
considered a classic inflammation-induced cancer.” Multiple 
immune cell types in the liver contribute to the proinflammatory 
state in the tissue. Spontaneous immune responses, including 
T-cell responses and humoral responses to different tumor- 
associated antigens, have been reported in HCC." Different 
immune cell subsets, cytokines, and chemokines have been studied 
in HCC.” The most prominent immune cell types pertaining to 
HCC are Tg cells and myeloid-derived suppressor cells (MDSCs). 

Teg cells are able to inhibit the T-helper response and cytokine 
secretion from T,1 and T,2 cells. Among T, cells, a few subpopu- 
lations such as CD4*°CD25" and type 1 Tkg cells have been well 
characterized. CD4°CD25" T,,. cells are induced in the thymus, 
and IL-2 has been shown to be fundamental to their tumor- 
suppressive function.’”’ After activation, they can suppress prolif- 
eration of CD4* and CD8* effector T cells and cytokine secretion. 
Importantly, their depletion is correlated with a more efficient 
antitumoral immune response.’ Type 1 Treg cells produce large 
amounts of IL-10 and TGF-B that inhibit T,1 and T,2 responses 
against HCC. These cells can also inhibit effector function of 
CD8*" T cells. Type 1 Tg cells proliferate in response to IL-15 but 
not IL-2. A number of studies have indicated that tumor- 
infiltrating CD4* T,., cells correlate with poor outcome in patients 
with HCC. 16 

MDSCs comprise a mixture of monocytes/ macrophages, gran- 
ulocytes, and DCs at different stages of differentiation.” ® In 
HCC patients MDSCs have been shown to induce Foxp3 and 
IL-10 expression in CD4* cells via arginase activity. °™!® They 
maintain an immature phenotype when exposed to proinflamma- 
tory signals and contribute to the tumor-promoting M2 pheno- 
type by producing IL-10 and blocking IL-12 production from 
macrophages.’ MDSCs also inhibit the function of effector T 
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cells and decrease NK-cell cytotoxicity, cytokine production, and 
maturation of DCs.’ MDSCs have also been shown to induce 
CD4* Teg cells, suggesting an interactive network of different 
immune mechanisms within the tumor microenvironment.'™ 

In recent years immune inhibitory checkpoints have been 
increasingly recognized as important players in immunosuppres- 
sion of HCC.'™ For example, increased frequency of circulating 
CD8* T cells expressing PD1 has been associated with the pro- 
gression of HBV to HCC.'” In addition to PD1 up-regulation, 
negative T-cell regulatory checkpoint receptors such as CTLA4 
and TIM3 have been linked to immunosuppression associated 
with chronic inflammation in HCC.”*!% 

Despite multiple immunosuppressive mechanisms, most liver 
cancer patients offer a detectable adaptive immune response 
against tumor antigens.“ The detected tumor-associated antigens 
include the well-known proteins 0-fetoprotein and glypican 3 and 
the following lesser-known proteins. NY-ESO-1 is often expressed 
de novo in HCC and other cancers such as melanoma, ovarian 
cancer, and breast cancer. Melanoma antigen gene A (MAGE-A), 
originally discovered in melanoma, is also widely expressed in 
HCC. HCC-associated antigen 519/targeting protein for Xklp-2 
is a microtubule-associated protein needed for cell division, and 
may be developed for future HCC immunotherapy.'°* 


Conclusion 


Cells of the immune system, through inflammation and immu- 
nity, play pivotal roles in most acute and chronic liver diseases. 

e immune activation in the liver may involve hepatocytes and 
other nonimmune cells as bystanders affected by a robust immune 
response exerted in the liver. Conversely, hepatocyte damage 
through release of sterile danger signals can trigger robust immune 
activation and consequent further damage in the liver. As the liver 
is at the crossroads between the gut and the systemic circulation, 
nutrient-derived factors and gut microbiome—derived signals 
trigger and modulate immune responses in the liver. All of these 
elements should be evaluated in attempts to understand the role 
of immune cells in specific liver diseases. Finally, immune mecha- 
nisms in the liver should be evaluated further and assessed as 
potential therapeutic targets in the amelioration of chronic liver 
diseases. 
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STAT signal transducer and activator of transcription 
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TIR toll/interleukin-1 receptor 

TLR toll-like receptor 

TNF tumor necrosis factor 

TRAF6 tumor necrosis factor receptor—associated factor 6 

TRAIL tumor necrosis factor—-related apoptosis-inducing ligand 

TRIF TIR domain-containing adapter-inducing interferon B 


Introduction 


Inflammation is a part of the immune response to infection and 
trauma, and under physiologic conditions is designed to facilitate 
wound healing. The traditional inflammatory response is charac- 
terized as a complex reaction to an injuring agent that involves 
the loss of vascular wall integrity, activation of leukocytes and their 
extravasations, and release of proinflammatory cytokines such as 
tumor necrosis factor (TNF)-0, interleukin (IL)-6, and IL-1B.'” 


The liver functions to eliminate toxins and pathogens from the 
circulation, and has developed a unique mechanism of immuno- 
surveillance.’ To avoid unnecessary activation of the immune 
system, the liver has a local immune response followed by induc- 
tion of peripheral tolerance toward the antigen. When stressful 
agents such as pathogens or environmental insults challenge the 
liver for extended periods and their elimination is not possible, 
then inflammation follows.“ 

Hepatic fibrosis and then cirrhosis commonly follows chronic 
inflammation.”° Sustained suppression of inflammatory activity 
by elimination of the etiologic agent™™” or by dampening of the 
immune response’ * can halt and even reverse the fibrotic process. 
The success of current treatments of chronic liver inflammation 
in achieving antifibrotic effects can be measured by prolonged 
survival and possibly a reduced occurrence of hepatocellular car- 
cinoma.” Thus hepatic inflammation is one driver of fibrosis, 
cirrhosis, and hepatocellular carcinoma. 


Hepatic Inflammation as a Driver 
of Hepatic Fibrosis 


Liver inflammation is commonly associated with hepatocyte 
necrosis and apoptosis.° These forms of liver cell injury initi- 
ate a sequence of events that is independent of the etiologic 
cause of the inflammation and provide signals for the develop- 
ment of liver fibrosis. Apoptotic hepatocyte bodies can activate 
quiescent hepatic stellate cells (HSCs) and Kupffer cells, and 
these activated cell populations in turn promote inflammation 
and fibrogenesis.” The activated HSCs also increase the produc- 
tion of inflammatory chemokines,” the expression of adhesion 
molecules,” and the presentation of antigens to T lymphocytes 
and natural killer T (NKT) cells.” These enhanced inflamma- 
tion and immune responses can promote hepatocyte necrosis and 
apoptosis and thereby strengthen and perpetuate the stimuli for 
fibrogenesis.*”*” 

Transforming growth factor (TGF)-B; and platelet-derived 
growth factor (PDGF) activate HSCs for transformation into 
myofibroblasts.” Myofibroblasts are characterized immunophe- 
notypically by a spindle or stellate shape, pale eosinophilic cyto- 
plasm, and expression of abundant pericellular matrix and 
extracellular matrix (ECM) proteins, such as vimentin, alpha 
smooth muscle actin, nonmuscle myosin, fibronectin, and colla- 
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There are several potential sources of hepatic myofibroblasts 
in the liver. HSCs and portal fibroblasts are the liver-resident 
mesenchymal cells. They are the major source of myofibroblasts 
in fibrotic liver.”*' On the other hand, bone marrow-derived 
fibrocytes and mesenchymal progenitor cells may be recruited 
to the injured liver, where they contribute to inflammation and 
fibrosis, but are a minor component of the liver myofibroblast 
population.“ Primary cell culture studies have clearly demon- 
strated that cholangiocytes and hepatocytes undergo a change in 
the phenotype and gene expression toward a mesenchymal cell, 
especially after incubation with TGF-B, which is the cytokine 
most closely associated with epithelial-to-mesenchymal transi- 
tion.“ However, more recent reports provide strong evidence 
against epithelial-to-mesenchymal transition in the liver as a 
source of myofibroblasts. These studies have shown that genetic 
labeling of hepatocytes (with albumin-Cre mice), cholangiocytes 
(with cytokeratin 19-Cre mice) and their precursors did not result 
in generation of myofibroblasts in vivo.“*” The origin of myofi- 
broblasts may reflect the nature of the liver injury and the micro- 
environment within the liver” (Fig. 5-1). 

Recent studies have also identified macrophages as critical 
regulators of fibrosis. As with myofibroblasts, these cells are 
derived from either resident tissue populations, such as Kupffer 
cells, or from bone marrow immigrants. Studies now suggest that 
the pathogenesis of fibrosis is tightly regulated by distinct macro- 
phage populations that exert unique functional activities through- 
out the initiation, maintenance, and resolution phases of fibrosis.”' 
Activated macrophages can not only release chemokines that 
stimulate HSCs, but can also release reactive oxygen species, nitric 
oxide, and chemotactic proteins that promote hepatocyte injury 
and enhance the inflammatory responses. The resultant oxidative 
stress on the hepatocytes can damage DNA, induce apoptosis, 
promote the expression of proinflammatory genes, enhance fibro- 
genesis, and possibly trigger malignant transformation.”””’ 

The net consequence of these diverse interactive cellular and 
molecular mechanisms is to extend the tissue injury and enhance 
the accumulation of the ECM.” The accumulation of collagens I 
and IV, procollagen III, and elastin occurs early in liver injury, 
and matrix metalloproteinases (MMPs) that are directed at the 
different types of collagen are activated to degrade the depositions 
and maintain stability of the matrix.” Tissue inhibitors of 
metalloproteinases are also expressed to counterregulate the deg- 
radation process.™*” Maturation of the collagen matrix depends 
mainly on lysyl oxidases, which cross-link the collagen fibrils and 
increase the resistance to degradation.” 

Although the inflammatory process is geared toward tissue 
repair, healing, and disposal of infectious agents, its effects are 
widespread and potentially harmful. It is this conflicting aspect of 
inflammation that is frequently referred to as a double-edged sword 
or the friend or foe? nature of inflammation.’ Chronic inflamma- 
tion can exist as a result of the failure of host mechanisms to 
terminate an acute inflammation. Unlike the acute setting, where 
the cellular players are predominantly neutrophils, chronic inflam- 
matory infiltrates are typified by mononuclear cells such as mac- 
rophages, lymphocytes, and plasma cells. The persistence of these 
cells can result in further tissue damage and trigger a wound- 
healing response in the form of angiogenesis and fibrosis.” Hepatic 
inflammation initiates fibrogenesis by promoting hepatocyte 
necrosis and apoptosis, sustains fibrogenesis by activating HSCs 
and Kupffer cells, and maintains itself by the actions of proinflam- 
matory cytokines and chemokines that influence the trafficking 
of inflammatory and immune cells within the liver.'* 


Cell Types That Participate 
in Inflammation and Fibrosis 


Hepatocytes 


Hepatocyte necrosis and apoptosis, triggered by viral infection, 
steatosis, and alcohol or drug toxicity, are the main drivers of 
chronic liver inflammation and fibrosis. Apoptotic bodies derived 
from the damaged hepatocytes can promote secretion of various 
proinflammatory and fibrogenic cytokines from macrophages and 
activate quiescent HSCs directly.’ The signals released from 
dying hepatocytes are termed damage-associated molecular patterns 
(DAMPs), and more than 25 candidate molecules have been 
identified.’ One is mammalian DNA, which is usually seques- 
tered inside cells but can activate HSCs via toll-like receptor 
(TLR) 9. In addition to up-regulating TGF-B and collagen 1 
messenger RNA (mRNA), activation of TLR9 inhibited HSC 
chemotaxis, allowing the cells to localize to sites of hepatocyte 
death.°' Hepatocyte cell death also increases local adenosine con- 
centrations, which act via the A2A receptor to induce a profibro- 
genic and antichemotactic phenotype. 


Hepatic Stellate Cells 


ECM deposition is a key step in the development of liver fibrosis, 
and HSCs are the main cell type responsible for this process. On 
the initial basis of morphologic features and subsequent confirma- 
tion by molecular and biochemical techniques, it has been estab- 
lished that HSCs undergo differentiation from a quiescent 
phenotype to a myofibroblast phenotype characterized by matrix 
remodeling, chemotaxis, and contraction.” As it is clear that reso- 
lution of fibrosis occurs in experimental and clinical models, it is 
important to understand the fate of differentiated HSCs, with 
dedifferentiation into a quiescent state or death as the main 
options. In addition to the development of a more profibrogenic 
phenotype, phagocytosis of apoptotic bodies makes HSCs resis- 
tant to Fas ligand—induced and TRAIL-induced apoptosis via 
JAK/STAT-dependent and Akt/NF-«B-dependent pathways.°”” 

A previously established concept is that the myofibroblasts 
undergo apoptosis on the basis of the documented senescence and 
apoptosis of some activated HSCs during regression of fibrosis. 
Recently, genetic cell fate mapping was used to demonstrate an 
alternative pathway in which myofibroblasts revert to a quiescent- 
like phenotype in CCl;induced liver injury and experimental 
alcoholic liver disease. With these two models of hepatotoxic 
induced liver fibrosis, it was demonstrated that approximately half 
of the myofibroblasts escape apoptosis during regression of liver 
fibrosis, down-regulate fibrogenic genes (COLIAI, COLIA2, 
ACTA2, TIMP1, and TGFBR1), and acquire a phenotype similar 
to, but distinct from, that of quiescent HSCs.°* Inactivated HSCs 
acquire a novel phenotype. In particular, inactivated HSCs more 
rapidly reactivate into myofibroblasts in response to fibrogenic 
stimuli and more effectively contribute to liver fibrosis.” Inactiva- 
tion of HSCs is associated with reexpression of the lipogenic genes 
PPARG, INSIG1, and CREBBP.” Inactivation of the HSCs ter- 
minates fibrogenesis and facilitates regression of the extracellular 
matrix.”! 

A battery of chemokines are expressed by activated HSCs, 
including CC chemokine ligand (CCL) 2,” CCL5,” CXC che- 
mokine ligand (CXCL) 2, CCL21,”* CXCL8, CXCL9, CXCL10, 
CXCL12, and CX3C chemokine ligand (CX3CL) 3, which recruit 
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Activated HSCs and PFs are major contributors to population of myofibroblasts. 


Myofibroblasts HSCs (%) PFs (%) Fibrocytes (%) 

CCl, 5 days 79 + 3.8 5+2.0 4 +2.44 

CCl; 14 days 88 + 4.0 9 + 2.0 2+2.0 

CCl; 1.5 mo 87 + 5.2 10 + 2.0 3+1 

BDL 5 days 18 +7.0 73 + 5.0 3+2 

BDL 14 days 47 + 3.0 49 + 6.0 4+0.8 

BDL 20 days 51+4.2 43 + 3.0 31.4 
e Fig. 5-1 Origin of myofibroblasts in fibrotic liver in mice. Although the composition of hepatic myofi- 
broblasts is dependent on the cause of liver fibrosis, it is believed that liver-resident cells—hepatic stellate 
cells (HSCs) and portal fibroblasts (PFs)—and fibrocytes are the major contributors to collagen type l- 


producing cells in fibrotic liver. Fate mapping—-based studies have clearly demonstrated that hepatocytes 
and cholangiocytes, or their precursors, do not undergo epithelial-to-mesenchymal transition (EMT) in 
response to experimental models of liver fibrosis and do not give rise to myofibroblasts. HSCs are the 
major source of myofibroblasts (>87%) in CCl4-induced liver injury. However, activated PFs are a major 
source of myofibroblasts in cholestatic liver injury, contributing more than 70% of myofibroblasts at the 
onset of injury (5 days after bile duct ligation [BDL]). The relative contribution of activated PFs decreases 
with progressive injury, as HSCs become activated and contribute to the myofibroblast population (14 
days and 20 days after BDL). Adfp, Adipose differentiation-related protein; Adipor1, adiponectin recep- 
tor 1; AFP alpha fetoprotein; BM, bone marrow; FSP7, fibroblast-specific protein 1; GFAP. glial fibrillary 
acidic protein; /L-77RA, interleukin 17 receptor A; LOX, lysyl oxidase; LOXL2, lysyl oxidase like 2; LRAT, 
lecithin-retinol acyltransferase; Nr1d2, nuclear receptor subfamily 1, group D, member 2; SPP1, secreted 
phosphoprotein 1. (Modified from Xu J, Cong M, Park TJ, et al. Contribution of bone marrow-derived fibro- 
cytes to liver fibrosis. Hepatobiliary Surg Nutr 2015;4(1):34-—47; and lwaisako K, Jiang C, Zhang M, et al. 
Origin of myofibroblasts in the fibrotic liver in mice. Proc Natl Acad Sci U S A 2014;111(82):E38297-E3305.) 
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neutrophils, macrophages/monocytes, natural killer (NK)/NKT 

cells, dendritic cells, and T cells, thereby establishing their role in 

immune cell infiltration. HSCs regulate inflammation within the 
fibrotic liver through three interrelated mechanisms.”*” 

1. Cell surface expression of chemokines and/or delivery of che- 
mokines to endothelial cells promotes lymphocyte adhesion 
and subsequent migration, and activated HSCs specifically 
promote intercellular adhesion molecule 1—dependent and 
vascular cell adhesion molecule 1-dependent adhesion and 
migration.”° 

2. Increased expression of chemokines by HSCs establishes a 
chemoattractant gradient between the peripheral blood and 
the liver, thus driving immune cell migration into the liver. 

3. HSC interaction with immune cells has a direct role in 
promoting/inhibiting their maturation within the liver.‘ 


Macrophages 


Pharmacologic or genetic depletion of macrophages decreases 
myofibroblast activation and fibrosis.” ” In the liver, macrophages 
can be broadly defined as either resident Kupffer cells or recruited 
monocyte-derived macrophages.” In the uninjured liver, Kupffer 
cells predominate and are the largest population of resident mac- 
rophages in the body. Kupffer cells are located in the hepatic 
sinusoids, which enables them to directly sample the antigens that 
are transported from the gastrointestinal tract through the portal 
vein, ensuring early exposure to pathogenic bacteria, and to be in 
close contact with other circulating immune cells. Therefore 
Kupffer cells have a crucial homeostatic role in protecting the host 
and are capable of inducing both immunogenic and tolerogenic 
immune responses.°!*4 

Resident Kupffer cells probably have a role in the early response 
to injury by secreting proinflammatory cytokines and chemo- 
kines. However, the number of Kupffer cells decreases during 
hepatic inflammation and fibrogenesis; and these cells are gradu- 
ally replenished as the inflammation and fibrosis resolves.*”*° 
Conversely, the number of monocyte-derived hepatic macro- 
phages markedly increases in response to tissue injury, which 
suggests that profibrogenic macrophages are derived from this 
population.*°*° 

Macrophages are critically involved in both the induction and 
the resolution of fibrosis. During fibrogenesis, LY6C™ monocytes 
are recruited to the inflamed liver via the CCL2—CC chemokine 
receptor (CCR) 2 axis, forming a profibrotic LY6C™ macrophage 
population.” These cells express proinflammatory cytokines such 
as TNF-a and IL-1B, which perpetuate hepatocellular injury and 
promote the survival of HSC-derived myofibroblasts and the 
development of liver fibrogenesis through NF-KB activation.” 
The direct effects of profibrotic macrophages on hepatic myofi- 
broblasts may be mediated by TGF-B or galectin 3 expression to 
promote myofibroblast activation, or by PDGF production to 
stimulate myofibroblast proliferation.*°** In addition, macro- 
phages produce chemokines, including CCL8 (also known as 
MCP2) and CCL7 (also known as MCP3),” which recruit myo- 
fibroblasts, and CCL2, CCL3, and CCL5, which facilitate leuko- 
cyte recruitment to the site of inflammation, thereby perpetuating 
the fibrotic response.**”” 

Located close to fibrotic tissue in the liver, proresolution mac- 
rophages also mediate ECM degradation and are a rich source 
of fibrolytic MMPs, including MMP12”' and MMP13.” Pro- 
resolution macrophages also remove cellular debris and express 
TRAIL and MMP9, which promote myofibroblast apoptosis.*° 


Furthermore, macrophage-mediated changes in the ECM can also 
kill myofibroblasts and so facilitate the termination of fibrosis.*””” 
This restorative macrophage population shows decreased expres- 
sion of proinflammatory cytokines and chemokines, as well as an 
up-regulation of genes encoding factors such as CX3C chemokine 
receptor (CX3CR) 1 and arginase 1, which have antiinflamma- 
tory and antifibrotic effects.” Thus the phagocytic activity of 
macrophages impacts both the induction and the resolution of 
fibrosis through multiple mechanisms. Therefore although myo- 
fibroblasts are typically thought of as the master mediators of 
fibrosis because they synthesize collagen and other ECM com- 
ponents, macrophages play an equally important role by serving 
as the master regulators of myofibroblast function and ECM 
degradation.” 


Natural Killer Cells and Natural Killer T Cells 
Hepatic lymphocytes are enriched in NK cells, which play impor- 


tant roles in antiviral, antimicrobial, and antitumor defense in 
liver injury, fibrosis, and cancer.” NK cells generally reside in 
the hepatic sinusoids, express chemokine receptors, and can 
migrate to inflamed tissue sites. Kupffer cells have been proposed 
to be the main source of CCL2 expression and recruit CCR2- 
expressing NK cells to the liver.” NK cells arrive early at the site 
of inflammation and lyse their target cells (e.g., tumor cells, virus- 
infected hepatocytes) by releasing cytotoxic granules containing 
perforin and granzymes.”’ They can accelerate liver injury by 
producing proinflammatory cytokines and killing hepatocytes. 
Accumulating evidence suggests that NK cells also play a key role 
in inhibiting liver fibrosis by killing activated HSCs and produc- 
ing interferon (IFN)-y, which induces HSC apoptosis and cell 
cycle arrest. NK cells selectively kill early HSCs or senescence- 
activated HSCs but do not kill quiescent or fully activated (myo- 
fibroblasts) HSCs. This is because early or senescence-activated 
HSCs express up-regulated NK cell-activating ligands, whereas 
quiescent or fully activated HSCs do not, and these activating 
ligands can induce NK-cell activation and subsequently kill these 
activated HSCs.” Down-regulation of several NK-cell inhibi- 
tory ligands in activated HSCs may also contribute to the increased 
susceptibility of these cells to NK-cell killing.” NK cells exert 
their antifibrotic functions mainly by killing activated HSCs 
through TRAIL. This is because liver NK cells express higher 
levels of TRAIL compared with peripheral NK cells and TRIAL 
receptor expression is up-regulated on activated HSCs.'°° Addi- 
tionally, other cytotoxicity mediators may also contribute to the 
Nk-cell killing of activated HSCs, including Fas ligand, granzyme 
B, and perforin.'°”'°7!°% 

NKT cells, which share properties of both T cells and NK cells, 
recognize lipid antigens presented by the nonclassic MHC class 
Llike molecule CD1. NKT cells constitute only approximately 
0.1% of all peripheral T cells, but approximately 30% to 40% of 
lymphocytes in mouse liver and 10% to 25% of lymphocytes in 
human liver. NKT cells are recruited to the liver through 
CXCR6, and the CXCL16-CXCR6 axis plays a role in migration 
of hepatic NKT cells to promote CCl,-induced liver fibrosis. 
NKT cells can affect target cells by releasing cytotoxic mediators 
(e.g., Fas ligand, perforin, TRAIL) or releasing an array of cyto- 
kines (e.g., IFN-y, IL-4 , IL-13, TNF-a, IL-17). NKT cells have 
diverse roles in liver fibrogenesis. They can inhibit liver fibrosis by 
killing activated HSCs and producing IFN-y''® or they can 
enhance liver fibrogenesis by producing profibrotic cytokines 
(e.g., IL-4, IL-13, hedgehog ligands, and osteopontin).'!'"" 
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T and B Lymphocytes 


In the chronically injured liver, lymphocytes and HSCs are com- 
monly localized in very close proximity, suggesting functional 
interactions.“ Different lymphocyte subsets exert specific roles 
in HSC activation and liver fibrosis. In general, T),2-polarized 
responses promote fibrosis, whereas T},1 cytokines may be antifi- 
brogenic. IFN-y, a component of the T,1 cytokine pathway, has 
potent antifibrotic activities.''”''® T;,2 cells can directly promote 
fibrosis by stimulating fibroblasts to synthesize collagen with IL-4 
and IL-13.!7"” 

The functions of T,17 cells are mediated via the production 
of an array of cytokines, including IL-17 and IL-22. T,17 cells 
either promote liver fibrosis by producing IL-17 or ameliorate 
liver fibrosis by producing IL-22.'°° IL-17 directly promotes HSC 
activation with increased expression of collagen type I and acti- 
vates immune cells such as Kupffer cells to produce profibrotic 
cytokines (e.g., IL-6, IL-1, TNF-, and TGF-B), thereby exacer- 
bating liver fibrogenesis.'*' IL-22 plays an important role in tissue 
repair and induction of senescence of activated HSC, thereby 
attenuating liver fibrosis.” !™” The effect of T,17 cells on liver 
fibrosis may be determined by the balance between IL-17 and 
IL-22 production. '® 

In normal healthy liver, B cells constitute only a very small 
percentage of total liver lymphocytes. A study showed that B cell— 
deficient (JH) mice had markedly reduced liver fibrosis after 
long-term CCl; treatment, which is mediated in an antibody- and 
T cell-independent manner.'”? However, the molecular mecha- 
nisms by which B cells regulate liver fibrosis remain unknown. In 
contrast, other studies suggest that B cells have a suppressive effect 
on the inflammatory response in the TGF-B receptor II dominant 
negative model of primary biliary cholangitis.'°°'”° 


Key Pathways in Hepatic 
Inflammation and Fibrosis 


Cell Death-Triggered Inflammation and Fibrosis 


Development of liver fibrosis is seen in all animal models with 
significant hepatocyte injury and correlates with elevated alanine 
aminotransferase levels in various liver diseases,” suggesting 
that cell death can trigger inflammation and fibrosis. Mouse 
models with selective increases of hepatocyte apoptosis by 
hepatocyte-specific deletion of cytoprotective factors develop 
liver fibrosis.'°°'** 

On exposure to most hepatotoxic conditions, hepatocytes and 
liver-resident immune cells (e.g., Kupffer cells, NK cells, and 
NKT cells) activate adaptive responses, including autophagy. This 
generally results in mild inflammation coupled with the recruit- 
ment and local differentiation of circulating immune cells (mainly 
monocytes), contributing to the reestablishment of homeostasis. 
When such adaptive responses fail, however, stressed hepatocytes 
undergo apoptosis or necrosis, resulting in the massive release of 
DAMPs into the extracellular microenvironment.’ By binding 
to specific pattern recognition receptors expressed by liver-resident 
and freshly recruited immune cells, DAMPs exert potent immu- 
nomodulatory (most often immunostimulatory) functions, hence 
aggravating the ongoing inflammatory response. In this setting, 
immune cells are stimulated to secrete a wide panel of proinflam- 
matory and hepatotoxic factors, leading to a vicious cycle connect- 


ing inflammation and cell death that mediates severe hepatotoxic 
effects.°*!° 


Apoptosis, necroptosis, and necrosis may exist side by side in 
acute and chronic liver disease. Whereas apoptosis results in a low 
inflammatory state due to rapid removal of apoptotic cells and 
low-grade inflammatory DAMP release, necroptosis and necrosis 
ultimately result in oncosis, cell rupture, and high-level release of 
inflammatory DAMPs into the environment.'**'** The mechanis- 
tic link between apoptosis or necroptosis and HSC activation is 
not fully understood. Several studies have proposed that phago- 
cytosis of apoptotic bodies by HSCs links cell death to HSC 
activation, showing increased HSC activation, migration, and 
survival after phagocytosis of apoptotic bodies in vitro.*”?”” 
Phagocytosis of apoptotic hepatocytes by hepatic macrophages 
results in increased secretion of profibrogenic mediators such as 
TGF-B and PDGF, suggesting that apoptosis may promote HSC 
activation and fibrosis through indirect mechanisms involving 
professional phagocytic cells.'°°!” 


Toll-like Receptor Pathway 


The lipopolysaccharide (LPS) level is elevated in experimental 
models of hepatic fibrosis”'“° and in patients with cirrhosis. “1 
LPS is a component of the outer membrane of gram-negative 
bacteria and the typical TLR4 ligand. In experimental animal 
models of liver fibrosis induced by bile duct ligation and long- 
term treatment with CCl, or thioacetamide, decreased level of 
TLR4 reduces liver inflammation and fibrosis.” Mice deficient in 
CD14 and LPS-binding protein, TLR4-associated cell surface 
molecules, show reduced liver fibrosis induced by bile duct liga- 
tion.“ Mice deficient in myeloid differentiation primary response 
gene 88 (MyD88) and TIR domain—containing adapter-inducing 
IFN-B (TRIF), TLR4 adaptor molecules, are also resistant to liver 
fibrosis.” Thus LPS-TLR4 signaling is crucial for liver fibrosis. In 
the liver, even though both Kupffer cells and HSCs express high 
levels of TLR4, HSCs are the cell type responsible for TLR4 
signaling in liver fibrosis.” 

Microflora-derived LPS translocates into the portal vein and 
stimulates TLR4 on HSCs. TLR4 signaling induces expression 
of chemokines (monocyte chemoattractant protein-1 [MCP-1], 
macrophage inflammatory protein 1 beta [MIP-1b], and regu- 
lated upon activation normally T-cell expressed and secreted 
[RANTES]) in HSCs, recruiting Kupffer cells through their 
CCRI and CCR2. Recruited Kupffer cells then produce TGF-B, 
which in turn promotes myofibroblast activation. In addition, there 
is cross-talk between TLR4 signaling and TGF-B signaling in HSCs. 
Quiescent HSCs express high levels of bone morphogenetic protein 
and activin membrane-bound inhibitor (Bambi), a transmembrane 
inhibitor of TGF-B receptor signaling, resulting in limitation of 
TGF- signaling in quiescent HSCs.” After LPS treatment or activa- 
tion in vivo, Bambi expression is quickly down-regulated in HSCs, 
thereby enhancing TGF-B-mediated HSC activation.” In fibrosis 
induced by alcoholic and nonalcoholic fatty liver disease, TLR4 acts 
mainly through Kupffer cells via the production of proinflamma- 
tory cytokines, such as TNF-a, IL-1B, CCL2, and CCL20.'“°'” 

TLR3 signaling is a potent inducer of type I IFN. Double- 
stranded RNA, which is generated during viral replication, and 
synthetic polyinosinic-polycytidylic acid activate TLR3 signaling. 
NK cells primed by polyinosinic-polycytidylic acid are able to kill 
activated HSCs, resulting in the attenuation of liver fibrosis. 
However, this effect is observed only in the early stage of liver 
fibrosis, not in advanced liver fibrosis.’ Similarly, in alcoholic 
liver disease, TLR3 signaling in NK cells did not attenuate CCL- 
mediated fibrogenic response.’ 
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TLR9, the receptor for bacterial unmethylated CpG motif— 
containing DNA and damaged hepatocyte-derived denatured 
DNA, is expressed on HSCs and Kupffer cells. TLR9 deficiency 
inhibits liver fibrosis after bile duct ligation and long-term CCl, 
treatment in mice.°!’'”’ TLR9 signaling induces MCP1 and col- 
lagen production and inhibits PDGF-mediated chemotaxis in 
HSCs.°""” In nonalcoholic fatty liver disease, TLR9 signaling is 
activated in Kupffer cells to produce IL-1B. This IL-1B then 
induces lipid accumulation and apoptosis in hepatocytes, and 
increases fibrogenic responses in HSCs.'? Thus TLR9 signaling 
contributes to liver fibrosis progression. 


Chemokines in Liver Inflammation and Fibrosis 


Liver inflammation is regulated by chemokines, which regulate 
the recruitment of inflammatory cells from the bone marrow and 
circulation, as well as the migration of resident liver cells to sites 
of injury. Kupffer cells are important sources and responders to 
chemokines. On activation, Kupffer cells secrete CXC chemo- 
kines, such as CXCL1, CXCL2, and CXCL8 (IL-8). These three 
chemokines are key to attract neutrophils, mainly via CXCR1 
and CXCR2, which release reactive oxygen species and prote- 
ases and thereby evoke hepatocyte necrosis.” Activated HSCs 
secrete high levels of CCL2, which promotes the hepatic accu- 
mulation of bone marrow-derived CCR2-expressing monocytes 
that massively expand the liver-resident macrophage pool.””°'” 
CX3CL1-CX3CRI interaction on liver macrophages appears 
to limit inflammatory functions of monocytes/macrophages by 
enhancing macrophage survival and partly inducing an antiin- 
flammatory phenotype.” Early after injury, hepatic macro- 
phages express high levels of CXCL16, thereby promoting the 
rapid intrahepatic accumulation of NKT cells, which express the 
cognate receptor CXCR6. Functionally, the CXCL16/CXCR6- 
mediated accumulation of NKT cells appears to be an important 
mechanism to amplify inflammatory signals early in the course 
of inflammation.'”* 

Chemokines have been identified as central regulators of liver 
fibrosis. On the one hand, they orchestrate the influx of immune 
cells and thereby sustain chronic tissue inflammation; on the other 
hand, they can directly influence profibrogenic or antifibrogenic 
actions on resident liver cells such as HSCs and Kupffer cells.'” 

Among various chemokines involved in hepatic fibrogenesis, 
CCL2 and CCL5 are the best characterized. The expression of 
CCL2, mainly produced by Kupffer cells and HSCs, is associated 
with the infiltration of monocytes, which express the cognate recep- 
tor CCR2,'” into the injured liver. In addition, CCL2 was found 
to promote migration and positioning of HSCs, although this func- 
tion appeared independent of CCR2.'°'*' In fibrotic mouse livers 
the accumulation of CCR2-expressing, inflammatory Ly-6C* 
monocytes greatly augments the local macrophage pool, perpetu- 
ates inflammation causing further hepatocyte injury, promotes 
angiogenesis, and activates HSCs.”””*'°*'® Genetic or pharmaco- 
logic inhibition of CCL2 or CCR2 results in reduced hepatic fibro- 
sis in various experimental models of liver injury." CCL5 and 
its receptors CCR1 and CCR5 are also implicated in promoting 
liver fibrogenesis. Both liver macrophages and HSCs express CCR1 
and CCR5, with CCRI1 predominantly promoting fibrogenesis 
indirectly through macrophages and CCR5 exerting direct effects 
on HSCs." HSCs display migratory and proliferative responses to 
CCLS5, indicating that this chemokine is crucial for profibrogenic 
HSC activity.” Inhibition of the ligands for CCR1 and CCRS5 by 
use of viral-derived chemokine inhibitor 35k and CCL5 antagonist 
Met-CCLS5 inhibits the progression of liver fibrosis.'°”"°* Genetic 


deletion of CCL5 or CCL3, another CCR5 ligand, as well as phar- 
macologic targeting of CCL5 by the antagonist Met-RANTES, 
abrogated experimental hepatic fibrosis in mice.'°”'® 

Other chemokines were also identified in mouse fibrosis 
models, which are functionally important for hepatic fibrogenesis. 
CCLI, and possibly CCL18, is involved in the recruitment of 
inflammatory monocytes via CCR8 to promote liver fibrosis.’ 
CCL25 was found to attract proinflammatory macrophages via 
CCR9 into the liver, but may also have additional migratory and 
activating effects on HSCs directly.'”” HSCs also express CXCR4 
and become activated by stimulation with its cognate ligand 


CXCLI2 


MicroRNAs in Hepatic 
Inflammation and Fibrosis 


MicroRNAs represent a class of small RNAs approximately 18 to 
25 nucleotides in length that do not contain the information to 
encode proteins but have been shown to be involved in the regula- 
tion of gene expression on a posttranscriptional level.” They bind 
via partial complementary sequences to the 3’ untranslated region 
of the target mRNAs and thereby block translation.'”? Because of 
this partial complementarity, a single microRNA can regulate 
multiple mRNAs simultaneously, and on the other hand, multiple 
microRNAs can regulate the expression of a single mRNA,'”* 
highlighting that microRNAs are highly suitable for the fine- 
tuning of a whole networks of genes. MicoRNAs have cell- and 
tissue-specific expression. They control a broad spectrum of bio- 
logic processes, including cell proliferation, differentiation, devel- 
opment, metabolism, apoptosis, secretion, and viral infection.'””'”” 


MicroRNAs as Modulators of Liver Inflammation 


Proinflammatory cytokines, including TNE, IL-6, and IL-1, are 
generated by leukocytes at the site of injury. Such immune 
responses elicited by the injured liver are regulated by microR- 
NAs.’ The most abundant liver microRNA is miR-122, which 
is linked to liver inflammation. Mice deficient in miR-122 
displayed a phenotype of hepatic inflammation, fibrosis, and 
hepatocellular carcinoma, suggesting that miR-122 has an antiin- 
flammatory role in the liver. Mice deficient in miR-122 upregu- 
lated CCL2, which resulted in the intrahepatic recruitment of 
CD11b"Gr1* inflammatory cells, which are a major source of 
proinflammatory cytokines such as IL-6 and TNE.” 
Induction in miR-155 expression has been reported in mouse 
models of nonalcoholic fatty liver disease and alcoholic steato- 
hepatits.'*"'*’ After alcohol feeding, miR-155 levels were increased 
in Kupffer cells, and TNF has been identified as a target of 
miR-155 to promote liver inflammation.'” Moreover, in mice 
receiving a choline-deficient and amino acid—defined diet, 
miR-155 levels were increased and high miR-155 expression was 
linked to the development of hepatocellular carcinoma, in which 
it regulates C/EBPB levels.'*''*’ Hepatic levels of miR-155 were 
also increased in patients infected with hepatitis C virus and were 
shown to promote hepatocellular carcinoma through Wnt signal- 
ing.’ It was also reported that expression of miR-155 was 
increased in peripheral monocytes from patients with chronic 
therapy-resistant hepatitis C virus infection, whereas no increase 
was found in patients who responded to treatment.'**'®? 
MicroRNA miR-146a is a negative regulator of TLR signaling; it 
dampens proinflammatory responses via TNF receptor—associated 


factor 6 (TRAF6) and IL-1 receptor associated kinase 1 (IRAK1). 
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Consistent with its negative regulatory role in inflammation, mice 
deficient in miR-146a acquire hyperinflammation and myelopro- 
liferative phenotypes owing to hyperactivation of NF-«B.'*° 


MicroRNAs as Modulators of Liver Fibrosis 


The members of the miR-29 family are of particular interest 
because they inhibit the production of fibrillar collagen in HSCs, 
indicating an antifibrotic function. The miR-29 family consists 
of miR-29a, miR-29b, and miR-29c, differing in only two or 
three bases.'*” MicroRNA miR-29b is down-regulated in activated 
mouse HSCs and regulates collagen expression via its interaction 
with the Co//a/ 3’ untranslated region. Overexpression of miR-29b 
suppressed Colla expression and prevented the up-regulation of 
collagens in TGF-B,-stimulated HSCs.'** MicroRNA profiling on 
RNA extracts from CCl,-treated mouse livers demonstrated that 
all three members of the miR-29 family were down-regulated and 
that this correlated with the degree of liver fibrosis. These results 
were confirmed in different models of liver fibrosis and were 
independent of the mouse strain analyzed. '® In the healthy liver, 
miR-29 is highly expressed in HSCs and is responsible for repres- 
sion of ECM," but also for expression of growth factors such as 
PDGF-C and insulin-like growth factor I.'*’ During fibrogenesis, 
expression of profibrogenic growth factors is increased and they 
stimulate HSCs in a paracrine and autocrine manner. Profibro- 
genic stimulation of TGF-B and PDGF-BB results in miR-29 
repression.’ Decreased miR-29 level mediated by TGF-fB and 
PDGE-BB results in the de-repression of profibrogenic expression 
of ECM protein, PDGF-C, and insulin-like growth factor I. The 
enhanced secretion of PDGF-C and insulin-like growth factor 
I provides autocrine stimulation of HSCs, leading to increased 
proliferation and ECM production.'*””'"”* In summary, miR-29 
is probably the best characterized microRNA in liver fibrosis, 
integrating both profibrotic and inflammatory signals in HSCs 
to modulate fibrogenesis, thus representing a promising candidate 
for therapeutic strategies against liver fibrosis. “° 

Enrichment of miR-21 during fibrosis results from profibro- 
genic stimulation by TGF-B. TGF-B activation of Smad2/Smad3 
is crucial for miR-21 transcription and maturation.'*’ High levels 
of miR-21 target the inhibitory Smad7 mRNA and repress trans- 
lation of Smad7. Smad7 is highly potent to antagonize TGF-B- 
mediated pathways by blocking further binding of the receptor 
Smads to the TGF-B type I receptor, and by Smurf2 interaction 
to form an E3 ubiquitin ligase that targets the TGF-B type I 
receptor for degradation. °>! The decrease of the level of inhibi- 
tory Smad7 induced by an increased miR21 level abolishes the 
negative feedback mechanisms of TGF-B signaling, which results 
in elevated profibrogenic TGF-B stimulation. Therefore the inhi- 
bition of Smad7 in response to miR-21 enhancement during 
fibrosis is an important profibrogenic pathway, which might 
become an attractive target for future therapeutic approaches.'*” 

MicroRNA miR-122 is required for normal liver homoeostasis, 
and decreased miR-122 levels have deleterious effects on the liver: 
miR-122-deficient mice develop steatohepatitis and fibrosis.” 
Kriippel-like factor 6 (KLF6), a profibrogenic transcription factor, 
was identified as a target of miR-122, and a role for the miR- 
122a-KLF6 axis has been proposed in liver fibrosis.” Expres- 
sion of miR-122 was significantly reduced in activated HSCs 
and a CCl,-induced liver fibrosis mouse model.!°° MicroRNA 
miR-122 negatively regulates liver fibrosis by targeting the gene 
P4HAI, which encodes transmembrane prolyl 4-hydroxylase, 
which is required for collagen maturation. In addition, miR-122 
may indirectly inhibit liver fibrosis through inhibition of the 


proliferation of activated HSCs. To conclude, it seems that 
most microRNAs modulate HSCs and therefore hold promise 
for therapeutic interventions in liver fibrosis. 


Conclusion 


The inflammatory response in the liver contributes to a great 
extent to the development of acute and chronic liver diseases, 
including fibrosis. Many types of immune cells, including resident 
(e.g., Kupffer cells) or recruited immune cells, can either promote 
or suppress liver fibrogenesis dependent on the stage and cause of 
liver fibrosis. Understanding the functions of these immune cells, 
as well as those of hepatic mesenchymal cells, and core pathways 
in liver fibrogenesis may help us identify novel therapeutic targets 
for the treatment of liver fibrosis. 


SUMMARY 


Recent Progress 

e Besides HSCs and macrophages, hepatocytes, sinusoidal endothelium 
cells, and infiltrating immune cells, among many other cells, also 
contribute to the progression and resolution of liver fibrosis. 

e HSCs are the major source of myofibroblasts in fibrogenesis, whereas 
portal fibroblasts and bone marrow-derived collagen-producing cells 
can also transdifferentiate into myofibroblasts. The origins of 
myofibroblasts in liver fibrosis of various causes can be different. 

e Moreover, recent studies have shown that, besides senescence and 
apoptosis, myofibroblasts/activated HSCs can also revert to an inactive 
phenotype—inactivated HSCs—which is similar to, but distinct from, 
the quiescent state during liver fibrosis regression. These inactivated 
HSCs, compared with the original quiescent HSCs, are more responsive 
to fibrogenic stimuli and can contribute to recurring liver fibrosis more 
effectively. 

e Macrophages exert critical functions in liver homeostasis, in the 
initiation of inflammation in response to hepatic injury and induction of 
fibrogenesis, but also in resolution of inflammation and fibrosis. 

e Recent studies indicate that epigenetic regulation, including noncoding 
RNA molecules—the micoRNAs—also affects the progression and 
resolution of liver fibrosis. Liver fibrosis is the consequence of a 
complex multicellular response to hepatic injury. 


Key Knowledge Gaps 

e The underlying mechanism of myofibroblast inactivation remains to be 
determined. 

e The factors that determine the fate of myofibroblasts during liver 
fibrosis regression are still unknown. 

e The switch between the two different phenotypes of macrophages is 
still hard to manipulate in vivo. 

e More functional studies are needed to identify the role of micoRNAs in 
the pathophysiology of chronic liver injury, liver inflammation, and 
hepatic fibrosis. 


Future Direction 

e Future studies that lead to full understanding of the cross-talk between 
different cell types from different organs and the molecular mechanism 
underlying the reversibility of liver fibrosis will definitely give rise to 
new therapeutic strategies to treat liver fibrosis. It is anticipated that 
micoRNAs will be interesting candidates for novel therapeutic 
strategies against hepatic fibrogenesis and also might evolve as 
biomarkers in the diagnosis of liver fibrosis. 
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ABBREVIATIONS 


DSA donor-specific antibody 

ESC embryonic stem cell 

HGF hepatocyte growth factor 

HLA human leukocyte antigen 

HPC hepatic progenitor cell 

Lgr5 leucine-rich repeat—containing G protein-coupled 
receptor 5 

OLT orthotopic liver transplantation 

OTC ornithine transcarbamylase 


Introduction 


Regenerative medicine is a much overused phrase but at its core is 
the concept that the therapy being administered would work with 
the innate healing and regenerative properties of the host tissue 
to facilitate recovery from illness or injury. Because of its regenera- 
tive capacity,' the liver offers more opportunities for regenerative 
therapy than perhaps any other internal organ. The complexity 
and scope of the metabolic and synthetic processes provided by 
the liver range from the storage of glycogen and release of glucose 
to metabolism of drugs, toxins, and endogenous hormones, 
metabolism and excretion of ammonia ,and the production and 
secretion of bile acids, serum lipoproteins, clotting factors, 
albumin, and protease inhibitors. These examples underscore the 
large number and vital nature of the processes conducted in and 
by the liver. These processes are so critical that a minimum of liver 
function must be maintained for an individual to survive. The 
standard therapy for metabolic or end-stage liver disease has been 
orthotopic liver transplantation (OLT). Experimental therapies 
involving a regenerative approach of the supplementation of liver 
function by the incorporation of donor cells into the native organ 
rather than total replacement of the liver have received scientific 
and medical interest, and hepatocyte transplantation is now an 
accepted albeit still experimental therapy for liver disease. 

Since the first report of the transplantation into a Gunn rat of 
rat hepatocytes that were proficient in bilirubin conjugation in 
1977 by Groth et al., a body of literature has been generated 
testing the hypothesis that hepatocyte transplantation could be 


84 


corrective of liver disease in the absence of whole organ transplan- 
tation. Preclinical studies using small animals as recipients of the 
transplanted hepatocytes were highly supportive of this hypoth- 
esis. On the basis of approximately 25 years of preclinical studies 
with different animal models, different transplantation techniques 
and a variety of regimens to precondition the liver before trans- 
plant to enhance hepatocyte engraftment and subsequent liver 
repopulation, clinical studies were initiated in the early 1990s. 
Clinical studies have for the most part validated the efficacy of 
hepatocyte transplants in a variety of human liver diseases. 
However, the levels of disease correction observed in the animal 
models were not always replicated in subsequent clinical trials. 
The general hypothesis that isolated hepatocytes could be trans- 
planted into a patient with a liver disease and that the cell trans- 
plant would have a positive impact on the clinical condition of 
the patient has been well supported by the data. Despite there 
being room for improvement in the cell source and repopulation 
of the recipient liver with donor cells, hepatocyte transplantation 
remains a viable option for the treatment of liver disease in 
patients. There are at least seven active hepatocyte transplant 
groups in Europe, Asia, and the United States, and there may be 
more than one active group in China.’ 

As originally conceived, hepatocyte transplantation was con- 
sidered to be beneficial and was tested for three applications: 

1. Bridge a patient to whole liver transplantation 

2. Support of patients in acute liver failure 

3. Correction of a metabolic liver disease 

These applications were based on preclinical studies showing effi- 
cacy of hepatocyte transplants for the support of liver function in 
chronic liver disease, acute liver failure, and monogenetic defects 
in critical liver metabolic functions. 

The concept of “bridging” a patient is a process where hepato- 
cyte transplantation is used as a temporary measure to support 
liver function in a patient who is listed for whole organ transplan- 
tation but is deteriorating significantly and is not expected to live 
more than a few days. In general, these patients have end-stage 
liver disease with decompensated cirrhosis. They are frequently 
coagulopathic and encephalopathic. Hepatocyte transplants are 
performed not with the hope of reversing the disease process but 
simply to sustain the patient for hours to days until a liver can be 
identified for OLT. Because of the low-level engraftment of hepa- 
tocytes into cirrhotic liver, and the likelihood of shunting of 
infused cells around the liver parenchyma resulting in whole body 


distribution of transplanted cells, hepatocytes were frequently 
transplanted into the spleen of the patients rather than the liver. 
Evidence of clinical improvement was frequently observed in these 
patients after the cellular therapy, and will be discussed in greater 
detail below. 

In a manner similar to the bridging technique, hepatocyte 
transplants have been used in cases of acute liver failure when an 
organ was not immediately available for OLT. Because it is impos- 
sible to introduce sufficient numbers of hepatocytes into the vas- 
cular system (e.g., in the range of 20% to 30% of liver mass) and 
obtain high levels of engraftment into liver parenchyma, hepato- 
cyte transplants for acute liver failure are usually conducted with 
the intent to bridge the patient to OLT. However, in some 
reported cases the patients recovered liver function following the 
hepatocyte transplant and could be discharged without whole 
organ transplantation.*® As these are case reports rather than 
controlled clinical trials, it is not possible to determine if the cel- 
lular therapy was the cause of the improvement. 

The most common use of hepatocyte transplants is for the 
correction of metabolic liver diseases. These transplants are usually 
conducted on pediatric patients with monogenetic defects in 
genes that encode critical liver functions such as ammonia or bili- 
rubin metabolism. Loss-of-function mutations in these critical 
liver genes can result in life-threatening metabolic crises within a 
few hours of birth. In the immediate neonatal period, these 
patients are too small and fragile for a whole organ transplant. 
Cellular therapy is initiated to provide the enzymatic/metabolic 
function missing in the native liver. Unlike the first two applica- 
tions, where the original intent of the treatment was to bridge 
the patient to OLT, with metabolic liver disease, the original 
intent of the cellular therapy was to correct the defect in liver 
function without whole organ transplant. Outcomes for all of 
these applications will be discussed in subsequent sections of 
this chapter. 

The theoretical benefits of hepatocyte transplants over whole 
organ transplants are considerable, and are shown in Table 6-1. 

Hepatocyte transplants are usually conducted with cells iso- 
lated from a donor liver that is not being used for whole organ 
transplant. The donor liver tissue could result from an organ 
rejected for transplant or one simply reduced in size before trans- 
plantation. Thus sources of liver tissue for cell transplants are more 
numerous than those for OLT. The timing of a hepatocyte trans- 
plant is more flexible than that of an organ transplant. With 
proper cryopreservation techniques, cells from a viable, functional 
organ could be cryopreserved or cold-stored for up to 48 hours 
for a patient transplant at a later time.’ Although not all donor 
livers provide cells that can be effectively cryopreserved, there is a 
theoretical advantage to hepatocyte transplants in that they could 
be routinely and immediately available for patient transplants. 
Hepatocyte transplantation is minimally invasive and is usually 
conducted through a small catheter inserted into a blood vessel 
feeding an organ such as the liver or spleen, whereas OLT requires 
massive surgery and incurs significant financial costs for the pro- 
cedure. Because hepatocyte transplant is a minimally invasive 
procedure, the complications associated with it are minor as com- 
pared with those associated with OLT,’ and the recovery time after 
the procedure is also minimal. Once a catheter has been placed, 
subsequent hepatocyte transplants can be conducted on a patient 
while the patient is awake, and most patients older than 2 years 
can be discharged home when the procedure has been completed 
without pain, discomfort, or sequelae.”*'° With OLT, the recipi- 
ent’s native liver is entirely removed, and the entirety of liver 
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WAE Comparison of Hepatocyte Transplantation 
GHEE and Orthotopic Liver Transplantation 


Flexible timing of the 
procedure 


Requires an organ donor at the 
specific and critical time 


Less invasive procedure Massively invasive and major surgery 


Fewer and less severe 
complications 


Significant and major complications 


Lower cost than orthotopic 
liver transplantation 


Significant financial costs 


Recipient maintains native liver Recipient’s liver is entirely removed 


Supports only partial liver Entire liver support 


function 


Can be initiated in the first few 
days of life 


Size, weight, and age considerations 


Option for orthotopic liver Irreversible 


transplantation remains 


Procedure partially corrects Procedure is usually curative 


disease phenotype 


support is transferred to the transplanted organ. With hepatocyte 
transplantation, the native liver is maintained and the donor 
hepatocytes need only support liver function not entirely replace 
it. With patients in acute liver failure, partial support provided by 
hepatocyte transplants could sustain them and provide critical 
time for their native liver to regenerate. 

In cases of metabolic liver disease, replacement of 5% to 15% 
of the metabolic activity or function missing in the patient is 
usually sufficient to substantially correct the symptoms of the 
disease,*™! ! and the replacement of the entire recipient liver with 
donor hepatocytes is not required. Hepatocyte transplant has been 
conducted on the first day of life in a baby in whom ornithine 
transcarbamylase (OTC) deficiency was diagnosed prenatally,’ 
whereas OLT is usually reserved for patients of approximately 6 
months of age. For life-threatening diseases such as urea cycle 
defects, cellular therapy of the disease can be initiated far earlier 
than OLT, thus providing an opportunity to at least partially 
correct the metabolic defect and transform a life-threatening 
disease into one more easily managed. 

Differences between OLT and hepatocyte transplants becomes 
even more significant in the event of graft loss. With OLT, graft 
loss requires immediate retransplantation with additional costs, 
morbidity, and mortality. The loss of the hepatocyte cell graft only 
returns the patient to his or her clinical condition before the cell 
transplant and is not necessarily life threatening as the patient can 
usually be sustained by traditional medical therapy. 

There is no evidence that prior hepatocyte transplantation 
interferes with a subsequent OLT. Fisher et al.'? reported that 
there was no evidence of sensitization of the patient to the donor 
cells or the eventual liver when an OLT was performed following 
a hepatocyte transplant. Although there are many theoretical ben- 
efits to hepatocyte transplants over OLT, to date no patients have 
achieved a long-term complete correction of their metabolic liver 
disease by hepatocyte transplants. Successful OLT is frequently 
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curative of the liver defect, whereas hepatocyte transplants, as 
currently performed, are only partially corrective. Future improve- 
ments in the availability of cells and conditioning regimens that 
enhance hepatocyte engraftment and repopulation of the native 
liver will be required before this cellular therapy is completely 
corrective of a metabolic liver disease on a long-term basis. 


Preclinical and Background Studies 
Enabling Clinical Translation 


The clinical application of hepatocyte transplant procedures was 
supported by approximately 25 years of preclinical studies. It is 
not our intent here to review the entirety of the preclinical litera- 
ture that provided the theoretical basis for later clinical transla- 
tion; however, some specific reports will be cited that were either 
the initial studies in that area or were highly informative for the 
understanding of the mechanisms by which hepatocytes survive, 
engraft, and repopulate the liver and how donor cells integrate 
into native liver structure and function. More complete reviews 
of the older preclinical literature are available. "47 

Although earlier studies of the correction of liver diseases were 
attempted with transplants of liver tumor cell lines or slices or 
fragments of liver, the first reported transplantation of isolated 
hepatocytes by Groth et al.” could only be attempted after methods 
to isolate viable hepatocytes from liver tissue had been established. 
An article critical to the hepatocyte field is that of Berry and 
Friend'® from 1969: they reported methods for the routine and 
successful isolation of large numbers of viable hepatocytes from 
rat liver by perfusion of the existing liver vessels with a solution 
containing a crude mixture of proteolytic enzymes, including 
collagenases. A second article enabling hepatocyte transplants 
came from a parallel cell therapy field. In 1972 Ballinger and 
Lacy” reported the transplantation of isolated islets of Langerhans 
into diabetic rats. This was the first report of the partial correction 
of a defect in a visceral organ by a cellular therapy, and supported 
the hypothesis that cellular transplants could be corrective of solid 
organ diseases. 

Given the known ability of the liver to restore liver mass and 
function following tissue loss,” acute liver failure became an 
obvious target for cell therapy research and application. From 
both animal and clinical studies it was known that large amounts 
of liver tissue could be destroyed by chemical or immunologic 
means or by surgical procedures and the subject could still survive, 
thus demonstrating that 100% of liver mass or function was not 
required for survival.” Similarly, from genetic and functional 
studies of metabolic liver disease patients with mutations in genes 
encoding critical liver functions, it was understood that one does 
not require 100% of the enzyme activity or metabolic function 
of the entire liver to remain free of the symptoms of the disease.”''*! 
Because total liver replacement with donor hepatocytes would not 
be required, metabolic liver diseases were also the early targets for 
hepatocyte transplant studies. In the first published preclinical 
account of isolated hepatocyte transplantation, Groth et al. 
reported the correction of hyperbilirubinemia in the Gunn rat 
following hepatocyte infusion. The Gunn rat is deficient in uridine 
diphosphate glucuronosyltransferase 1 family member A1, the 
enzyme responsible for the conjugation of bilirubin, and is a 
useful animal model for Crigler-Najjar syndrome type 1, the 
human disease resulting from the same enzyme deficiency. These 
investigators reported a maximum 35% decrease in bilirubin 
levels in treated animals by day 28 after transplant. 


Demetriou et al.” were the first to examine the effects of 
hepatocyte transplantation on acute liver failure and also the first 
to use human hepatocytes in transplant protocols. In their initial 
studies, they performed 90% hepatectomy of rats to model small- 
for-size acute liver failure. All rats that did not receive transplants 
died within 48 hours, whereas 40% of the rats that received 
hepatocyte-covered microcarrier beads survived. Cell infusions 
were not effective when initiated after the hepatectomy, and were 
effective only when they were infused before the surgical proce- 
dure. These initial studies did, however, provide a proof of concept 
that the transplantation of isolated hepatocytes could support liver 
function during episodes of acute liver failure. Using the micro- 
carrier approach to cell transplantation, Moscioni et al.” were the 
first to report that the transplantation of isolated human hepato- 
cytes could provide long-term synthetic function. Athymic Gunn 
rats and athymic analbuminemic Nagase rats received infusions 
of microcarrier-attached human hepatocytes. In the Gunn rats, 
bilirubin levels were significantly reduced and the production of 
bilirubin conjugates was demonstrated. The Nagase rat produces 
extremely low levels of circulating albumin. Following infusion of 
the human hepatocytes, albumin levels increased more than 
40-fold and remained high for more than 30 days. These early 
studies provided proof that human hepatocytes could produce 
and secrete plasma proteins following transplantation. 


Integration of Hepatocytes 
in the Recipient's Liver 


Much of our understanding of the integration of hepatocytes fol- 

lowing transplantation was derived from preclinical studies with 

small animals. After hepatocytes are introduced into the portal 

blood flow, there is a complex set of actions and reactions between 

the host and the donor cells. Gupta et al.“*”° were instrumental 

in describing the steps involved in cell integration. Although it is 

described in four general steps, there are no boundaries between 

the steps and it is one continual process. To fully integrate and 

incorporate donor cells into the recipient liver, the following four 

steps must occur: 

1. Temporarily fill and occlude small portal veins 

2. Traverse the endothelial barrier 

3. Integrate into hepatic chords 

4. Remodel microenvironment and reestablish intercellular 
connections 

Pictures illustrating these steps can be found in Koenig et al.” 


Occlusion of the Portal Veins With Donor Cells 


Hepatocytes are large cells, with a size range of 20 um to 50 um. 
For comparison, lymphocytes are approximately the same size as 
the nucleus of a hepatocyte. When hepatocytes are introduced 
into the portal vein, the natural blood flow takes the cells to the 
liver, where they enter the large portal veins. They continue until 
they reach vessels that are too small to allow passage of the cells, 
where they occlude the smaller vessels. Because large numbers of 
hepatocytes are transplanted, usually 2 x 10° cells per kilogram of 
body weight, or slightly less than 5% of liver mass, even small, 
pediatric patients can receive billions of cells in a transplant. 
Because not all vessels are completely occluded, portal blood flow 
continues to the liver, although one must be careful to monitor 
the portal pressures and blood flow, and cease the infusion of cells 
if the portal pressure increases by more than a few millimeters of 


mercury, or if portal blood flow is significantly reduced. This 
temporary occlusion of portal blood flow raises the portal pres- 
sures and induces mild damage to the liver parenchyma. Small 
increases in the levels of aspartate aminotransferase and alanine 
aminotransferase are normally observed during a hepatocyte 
transplant, mainly due to the damage of recipient liver paren- 
chyma rather than release by donor hepatocytes.””* If the number 
of cells transplanted is carefully monitored, any portal hyperten- 
sion or decrease in portal blood flow induced by the transplant 
procedure resolves within minutes to hours. 


Breeching the Endothelial Barrier 


Although the endothelium of the liver is fenestrated, with pores 
of up to 150 nm, hepatocytes are far too large to pass through it. 
‘The increased portal pressures and transient ischemia are thought 
to damage the endothelial cell lining of the portal vessels, and 
through a combination of physical damage and the release of 
humoral factors, including growth factors and cytokines, the 
endothelial barrier is breeched, which allows some hepatocytes to 
begin to escape the portal circulation and fill the sinusoidal 


spaces toe 


Integration Into Hepatic Chords 


Studies suggest that the most successful integration events occur 
within the first 24 hours, after transplant, and that most of the 
cells remaining in the portal vessels are cleared by macrophages 
within several days.” A report indicated that when vascular 
endothelial growth factor is introduced along with the hepato- 
cytes, that integration of large plugs of donor cells into hepatic 
parenchyma occurred for 2 days to 3 days after the transplant.” 
Both the endothelium and donor hepatocytes can express vascular 
endothelial growth factor, and because hypoxia is a known inducer 
of production and secretion of vascular endothelial growth factor, 
it is likely that the transient hypoxia induced by the occlusion of 
the portal veins by donor hepatocytes initiated this process. It is 
useful to remember that before it was fully characterized, vascular 
endothelial growth factor was also described as vascular permeabil- 
ity factor on the basis of this property of the factor. 

Once past the endothelial cell barrier, donor hepatocytes come 
into direct contact with recipient hepatocytes, where they will 
finally assume a position in the normal architecture of the liver. 
On isolation of the donor hepatocytes, they lose most of the 
protein localization that is the basis of the polarized differentiated 
cell type.” By the following of the restoration of the different 
proteins to their normal location within the donor and/or recipi- 
ent cells, it was established that donor cells form hybrid structures 
with recipient hepatocytes within 3 days to 7 days after transplant. 
Antibodies directed against CD26 (also know as dipeptidyl pepti- 
dase 4) cannicular ATPase, and connexin 32 clearly established 
that in less than 7 days, areas of liver contained CD26-positive 
donor cells in hybrid structures with AT Pase-positive or connexin 
32-positive recipient cells.**’’ The neohepatic plates of donor and 
recipient hepatocytes were functional and could transport a fluo- 
rescent bile acid. In elegant experiments, Hamaguchi et al.” 
showed that donor hepatocytes could correct a metabolic defect 
in liver function by reestablishing hepatic transport functions. 
Eizai hyperbilirubinemic rats are deficient in the hepatic transport 
protein multidrug resistance protein 2. This defect is similar to 
the human disease Dubin-Johnson syndrome, and as with human 
patients the hepatocytes are defective in hepatic transport and 
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excretion of bilirubin conjugates into the bile, resulting in a con- 
jugated hyperbilirubinemia. Following the transplantation of 
multidrug resistance protein 2—proficient rat hepatocytes, biliru- 
bin levels decreased, demonstrating that the donor hepatocytes 
were effectively incorporated into the hepatic plates and were able 
to establish connections with the host biliary tree. 


Remodeling of Liver 


A remodeling of the liver parenchyma is required to accommodate 
the integration of the donor cells. Koenig et al.*' reported that 
active matrix metalloproteinease 2 is detected in areas surround- 
ing donor cells, although the source of the protease is not clear. 
Space for the donor cells is created by the degradation of extracel- 
lular matrix proteins by matrix metalloproteinease 2, and if the 
donor cells are provided with a selective growth advantage, matrix 
metalloproteinease 2 is detected near the expanding colony for 
several months. The presence of active matrix metalloproteinease 2 
in the areas surrounding expanding foci of fetal hepatocytes trans- 
planted into a mature liver was reported.” Activation of matrix 
metalloproteinease 2 is therefore a consistent observation, and a 
seemingly necessary step in the integration of donor hepatocytes 
and the accompanying remodeling of the organ. Thus the steps 
described above, including the transplantation of donor cells, the 
temporary occlusion of the small portal veins, the breech of the 
endothelial cell barrier, and remodeling and integration of hepa- 
tocytes and reestablishment of intercellular connections, can 
occur within relatively short period of time (3 days to 7 days) 
resulting in a liver with normal histologic features and function. 


Initial Clinical Studies 


Given the extensive body of preclinical literature concerning hepa- 
tocyte transplants to treat liver disease, two groups published the 
first reports of hepatocyte transplants in patients.’ Mito et al.” 
isolated hepatocytes from patients with end-stage cirrhosis into 
whom autologous hepatocytes were infused following the resec- 
tion, whereas Fisher et al.” isolated and transplanted allogeneic 
hepatocytes. Because of the cirrhotic nature of the liver, with the 
autologous transplants Fischer et al. transplanted the hepatocytes 
into the spleen. In a few recipients these authors reported that 
they could detect donor cells in the spleen out to several months 
after transplant. Although one patient returned to work following 
the procedure, the authors concluded that they could not discern 
any clinical benefit from the procedure. There are no other reports 
of autologous transplants, with the exception of gene therapy for 
familial hypercholesterolemia,” and all subsequent investigators 
used allogeneic hepatocytes as the source of cells. 

In the initial report by Fisher et al., and in later follow-up 
reports with additional patients, the spleen was chosen as the site 
for the transplantation of hepatocytes.*****” Some details will be 
given concerning these initial transplants, as they are in many 
ways typical of the first allogeneic hepatocyte transplants con- 
ducted later by other groups. In the report of the first five patients 
who received allogeneic hepatocyte transplants, the causes differed 
but the clinical status of the patients before transplant was 
similar." In the initial group, there were two patients with 
acute liver failure, one due to phenytoin toxicity and a second due 
to hepatitis B. In addition there was one patient with total par- 
enteral nutrition—induced liver failure secondary to necrotizing 
enterocolitis. The final two patients had decompensated end-stage 
liver disease, one due to Q,-antitrypsin deficiency and the other 
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due to hepatitis C. All five patients had grade 4 encephalopathy, 
and failure of three or four organ systems, including liver, lung, 
renal, and brain failure and in the case of the total parenteral 
nutrition patient, intestinal failure. Four additional patients with 
an equal severity of disease as judged by the grade of encephalopa- 
thy, prothrombin times, and factor VII levels served as controls. 
Control patients were selected within the same period as the 
treated group but were not provided with hepatocyte transplants 
because of a lack of donor cells of the appropriate blood type, or 
failure to obtain informed consent from the donor families. All 
patients received continuous dextrose and fresh frozen plasma 
infusions, enteral lactulose administration, controlled hyperventi- 
lation, and hemofiltration or venous dialysis for renal failure. 
Patients were intubated when hepatic encephalopathy progressed 
from grade 3 to grade 4. Intracranial pressures were continuously 
monitored. All nine patients were listed for OLT. Patients main- 
tained by traditional medical therapy (the four control patients) 
showed improvement but not normalization of the ammonia 
levels, and showed no improvement in intracranial pressure during 
the observation period. All four control patients displayed cardio- 
vascular instability requiring catecholamine support to maintain 
blood pressure and cerebral perfusion. Despite aggressive therapy, 
all control patients died within 3 days of cardiopulmonary failure 
and/or brain stem herniation. 

In the five patients who received hepatocyte transplants, cere- 
bral perfusion was well maintained and they achieved cardiovas- 
cular stability that allowed the removal of medical therapy within 
24 hours to 36 hours of hepatocyte transplant. Lactulose, man- 
nitol, and hyperventilation were withdrawn, and the patients were 
maintained with renal-dose dopamine. Sustained and significant 
decreases in intracranial pressures and increases in the cerebral 
perfusion pressures were reported in the hepatocyte-treated group 
after transplant despite the withdrawal of the medical therapies. 
Three of the five hepatocyte-treated patients were successfully 
sustained for 2 days to 10 days following hepatocyte transplant 
and were bridged to OLT. The fourth patient remained hemody- 
namically stable, showed improvements in cerebral perfusion 
pressure and a decrease in intracranial pressure after hepatocyte 
transplant, and awoke from the coma on day 4 following the 
hepatocyte transplant and moved, causing displacement of 
the intracranial monitor, inducing a fatal subdural hematoma. 
‘The remaining patient, a 6-month-old patient with total paren- 
teral nutrition—induced liver failure, showed substantial reduc- 
tions in ammonia levels but cerebral perfusion pressures continued 
to decline and life support was withdrawn 7 days after cell trans- 
plant. In all of these cases, hepatocytes that were previously iso- 
lated from deceased donors and cryopreserved were used for the 
transplants. 

These initial studies revealed clinical end points that were 
partially or completely corrected by hepatocyte transplants. The 
initial studies demonstrated that hepatocytes could be isolated 
from deceased donors and subsequently cryopreserved, and could 
be safely transplanted into the spleen of critically ill patients 
without infection or serious pulmonary complications. Impor- 
tantly, the infusion of hepatocytes directly or indirectly induced 
significant reductions in ammonia levels and intracranial pres- 
sures, with a resulting increase in cerebral perfusion pressures and 
blood flow. Corrections in ammonia levels and intracranial pres- 
sures were also observed in later studies.** 

Support for the hypothesis that donor cells contributed to the 
improvements described above was also provided. Clusters of 
hepatocytes were detected in the spleen of a patient who 


underwent splenectomy at the time of OLT. Synthetic support in 
the case of the Q,-antitrypsin-deficient patient was demonstrated 
by the presence of circulating MM phenotype protein after trans- 
plant. A 34% increase in 0,-antitrypsin levels in the blood and 
specifically an increase in the M phenotype protein in a ZZ phe- 
notype patient was observed when MM phenotype hepatocytes 
were infused.” 

An improvement of ammonia levels, prothrombin times, cere- 
bral perfusion, and decreases in encephalopathy scores were also 
observed in a second group of five acute liver failure patients who 
received allogeneic hepatocyte transplants.” In that study, none 
of the patients were listed for OLT. In three of the five patients 
contraindications related to active polysubstance abuse precluded 
their listing for OLT. Of the remaining two patients, one had 
hepatitis B virus-induced acute liver failure and the other patient 
had herpes simplex virus 2—induced hepatitis. As with the first 
five patients,” all of the five patients in this report were encepha- 
lopathic, requiring ventilation, and were dialysis dependent and 
cerebral edema was confirmed in all patients.” Two patients died 
within 18 hours of the hepatocyte transplant, one of disseminated 
herpes simplex virus 2 infection, and the other was irreversibly 
intoxicated by the ingestion of chloroform along with alcohol. 
The study authors reported stability during the first 48 hours in 
the remaining patients, but thereafter steady improvements in 
encephalopathy scores and coagulation parameters. All three sur- 
viving patients were subsequently weaned off ventilator support 
and were returned to oral nutrition. Survival of the three remain- 
ing patients was extended to 14 days, 20 days, or 52 days. Longer 
than expected survival of nontransplant candidates was also 
observed in two additional patients with acute decompensation 
following chronic liver disease due to long-term alcohol abuse,”! 
where the hepatocyte transplant recipients showed rapid although 
temporary (33 days or 50 days) improvement in liver function to 
the point where both patients were discharged from the hospital. 
In the latter two cases both patients finally died of renal failure 
when they refused further dialysis therapy. By 1999 there was a 
review listing the causes of the liver disease and the outcomes of 
the first 30 patients to receive deceased donor allogeneic hepato- 
cyte transplants, with 16 deaths and 14 patients surviving, most 
of whom were bridged to successful OLT within 10 days.” 


Hepatocyte Transplantation 
for Acute Liver Failure 


Many of the patients described in the previous section who 
received hepatocyte transplants were those with preexisting liver 
disease frequently accompanied by severe fibrosis or cirrhosis. 
Hepatocyte transplants were also conducted when the patients 
experienced acute liver decompensation requiring emergency 
medical care. There are reports of hepatocyte transplants in 
patients with acute liver failure; that is, in patients who experience 
severe liver insufficiency of sudden onset (usually less than 8 
weeks) without a history of liver disease. These patients usually 
present with massive elevations in aspartate aminotransferase and 
alanine aminotransferase levels, elevated bilirubin levels, coagu- 
lopathy, and in the later stages increased intracranial pressure and 
a reduction of blood flow to the brain. These patients require 
immediate and extensive medical support. Despite being listed for 
OLT, some of these patients did not receive an OLT quickly 
enough, and hepatocyte transplants were conducted in this setting 
as salvage therapy. 


There is a body of literature extending back into the 1970s 
describing the efficacy of hepatocyte transplantation in preclinical 
studies with animals where acute liver failure was induced by drug 
exposure, 90% hepatectomy, or ischemic liver injury.” There 
are now several reports where patients recovered from acute liver 
failure without OLT when hepatocyte transplantation was con- 
ducted when an organ was not immediately available for OLT.“° 
Although acute liver failure was initiated by different causes (hepa- 
titis B virus, acetaminophen, mushroom poisoning, or unknown 
cause) the outcome of these transplants was quite similar. Up to 
5 billion viable hepatocytes were transplanted into these patients 
via the portal vein. The first improvement in the patients condi- 
tion was usually a decrease in ammonia levels, followed by stabi- 
lization in the levels of clotting factors within hours to days. 
Patients generally received fresh frozen plasma at the time of 
catheter placement but recovery of synthetic function in the liver 
was sufficiently rapid such that no additional exogenous support 
of clotting factors was required after hepatocyte infusion. Although 
these were not controlled studies, the rapid and dramatic improve- 
ment in the condition of the patients and the resolution of the 
end points normally used to assess liver function/acute liver failure 
suggest that the donor cells contributed significantly to the recov- 
ery of the patient. 

The continued presence and function of donor cells was veri- 
fied in some of these patients by the measurement of secreted 
class I human leukocyte antigen (HLA). When there is a mis- 
match between the donor and the recipient in a class I HLA, the 
presence of donor cells can be verified by donor-specific class I 
HLA in a blood sample.“ In all of the cases described above, 
immunosuppressive drugs were entirely withdrawn in the months 
after hepatocyte transplant without untoward effects, and the 
patients were judged to be fully recovered from acute liver failure 
without OLT and without the need for life-long immunosuppres- 
sion. The age of the recipients ranged from 3 years to 64 years, 
suggesting that not only young but even older patients have suf- 
ficient regenerative reserve to fully restore liver function if support 
is provided to sustain them through the nadir in liver function. 


Hepatocyte Transplantation for 
Metabolic Liver Disease 


The rapid and significant correction in ammonia levels noted in 
the reports of hepatocyte transplantation in acute liver failure 
patients prompted studies of hepatocyte transplantation in 
patients with urea cycle disorders. Metabolic liver diseases gener- 
ally result when a single gene is mutated in such a way that the 
activity of the corresponding protein is either greatly diminished 
or completely abolished. When the mutated gene is involved in a 
critical liver function, an inborn error of metabolism may result. 
The urea cycle is necessary to remove excess nitrogen that results 
from metabolism of dietary protein, and urea cycle defects result 
when genes involved in the urea cycle are mutated. These defects 
frequently result in marked elevations in ammonia and specific 
amino acid imbalances depending on where in the urea cycle that 
the metabolic block occurs. OTC deficiency is the most common 
urea cycle disorder (approximately 1 in 80,000 individuals). 
Under normal circumstances the ammonia is processed through 
the urea cycle into urea and excreted via the kidneys. However, 
when mutations inhibit OTC activity, excess nitrogen accumu- 
lates in the blood in the form of ammonia, which is highly neu- 
rotoxic. Because the OTC gene is located on the X chromosome, 


CHAPTER 6 Stem Cells and Hepatocyte Transplantation 


males who inherit a mutated OTC gene with low to null activity 
will exhibit in the first few days of life lethargy, failure to eat, and 
severe hyperammonemia, which can eventually lead to coma and 
death if untreated. Liver transplantation is generally regarded as 
curative for this, and many other inborn errors of metabolism if 
the function being replaced is exclusive to or at least primarily 
localized to the liver. In these situations the entire liver is removed 
and replaced simply to restore function of the one mutated gene. 
Because the liver is the normal site for ammonia metabolism and 
hepatocytes are the only cells in the liver capable of complete urea 
cycle activity and ammonia metabolism, transplantation of hepa- 
tocytes proficient in OTC activity into an OTC-deficient patient 
could correct the metabolic defect. 

Although there is variability between different metabolic liver 
diseases in the level of activity required to substantially correct the 
disease, in most cases restoration of 10% to 15% of the normal 
amount of enzyme activity contained in the whole liver will result 
in a phenotypic normalization of the disease and keep patients 
asymptomatic. Thus, theoretically, one does not need to repopu- 
late the entire recipient liver with enzyme/protein-proficient 
donor hepatocytes to correct the genetic defect. Engraftment and 
the continued presence and function of 10% to 15% donor 
hepatocytes could be sufficient to correct many metabolic liver 
diseases. This estimation provide the theoretical basis for trans- 
plantation of a small number of hepatocytes relative to the entire 
liver in patients with metabolic liver diseases. 

The first pediatric patient with metabolic liver disease to receive 
a hepatocyte transplant was a 5-year-old boy with acute-onset 
hyperammonemia and OTC deficiency.” One billion freshly iso- 
lated hepatocytes were infused through a catheter placed in the 
portal vein. A small and transient increase in portal pressure was 
noted at the end of the infusion. Within 48 hours of the cell 
infusion, the patient’s ammonia and glutamine levels were normal 
without additional medical intervention. Liver OTC activity was 
undetectable before the cell infusion but was measurable in a 
biopsy sample taken on day 28 after transplant, indicating engraft- 
ment and function of the donor hepatocytes. Because this was the 
first pediatric patient with a metabolic liver disease to receive a 
hepatocyte transplant, the protocol included a method for the 
noninvasive assessment of the biodistribution of the transplanted 
hepatocytes. Approximately 0.1 x 10° hepatocytes were radiola- 
beled with indium In 111 oxyquinoline and mixed with 0.9 x 10° 
unlabeled hepatocytes and infused into the portal vein. Whole- 
body imaging was performed at 2 hours, 24 hours, and 48 hours 
after transplant to assess the localization of the radioactive label 
in the liver and spleen as compared with the rest of the body. 
The results indicated a localization of the labeled hepatocytes to 
the liver as compared with the rest of the body with a ratio of 
9.5:1, and importantly, no significant radioactivity was localized 
to the lungs. 

The conclusions of the study were that transplantation of 
OTC-proficient hepatocytes could quickly normalize ammonia 
and glutamine levels in an OTC-deficient recipient. The biodis- 
tribution study revealed that when isolated hepatocytes are infused 
into the portal vein of a liver with relatively normal architecture, 
they localize to the liver with little to no escape to the systemic 
circulation or entrapment in other vascular beds such as the lungs 
or kidneys. Also, donor hepatocytes could be radiolabeled with 
commercially available indium In 111 oxyquinoline solution with 
relative ease and without loss of hepatocyte viability, and the 
labeled cells could be localized with noninvasive means with 
acceptable doses of radiation, even to pediatric recipients. These 
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initial studies were followed by reports from other centers with 
similar results in patients with urea cycle deficiencies.”'?“*“° 
Although each case was slightly different, the transplant proce- 
dures in and the outcomes of the studies were generally similar to 
the procedure in and outcome of the initial study, although in 
each subsequent case the patients were listed for OLT and the 
hepatocyte transplants were reported to stabilize the patients 
and successfully bridged 17 of 19 patients to whole organ 
transplant.’ 


Patient Selection for Hepatocyte 
Transplantation 


Hepatocyte transplants are normally conducted on patients with 
severe liver disease and who are also listed for OLT. In all but two 
of the hepatocyte transplants conducted to date, the patients 
selected for cellular therapy were already considered for whole 
liver transplants. The exceptions were two patients with phenyl- 
ketonuria who received hepatocyte transplants, because phenylke- 
tonuria is not normally considered an indication for OLT.“ There 
is great diversity in the types of diseases of the slightly more than 
140 patients who have received hepatocyte transplants. Table 6-2 
includes all of the reported hepatocyte transplants and references 
to the original published work. 

In the initial stages, hepatocytes were used frequently to bridge 
end-stage liver disease patients to OLT.’ Of the original 15 
patients who were listed for OLT, 10 were bridged to successful 
OLT or recovered without OLT. 

In 20 of the first 30 patients to receive allogeneic hepatocyte 
transplants, the primary indication for OLT was cited as fulmi- 
nant hepatic failure from diverse causes, including idiosyncratic 
drug reaction, viral sources (herpes simplex virus and hepatitis B 
virus), or acetaminophen or of unknown case.”'“* Seven patients 
had decompensated cirrhosis and only 3 of the original 30 patients 
received hepatocyte transplants for metabolic liver disease, includ- 
ing OTC and q,-antitrypsin deficiency or Crigler-Najjar syn- 
drome. However, in subsequent years and in later publications, 
metabolic liver disease in pediatric patients was the most frequent 
indication for hepatocyte transplants. This sudden switch in 
patient selection for hepatocyte transplants was the result of the 
safety and efficacy results of the hepatocyte transplant in the initial 
OTC patient” and a high-profile report by Fox et al.° of the 
substantial and long-term correction of bilirubin levels in a 
10-year-old girl with Crigler-Najjar syndrome type 1 by hepato- 
cyte transplantation. 

This focus on newborn and pediatric patients with metabolic 
liver disease is the result of the serious nature of the diseases being 
treated where immediate therapy is required to avoid severe and 
irreversible central nervous system complications associated with 
diseases such as Crigler-Najjar syndrome type 1 and urea cycle 
defects, and because OLT is generally considered for recipients 
older than 6 months. Hepatocytes were considered a potentially 
useful therapy to support the metabolic activity missing in the 
liver of the recipient until such time that a curative OLT could 
be conducted. The two diseases that have received the most refer- 
rals for hepatocyte transplants are Crigler-Najjar syndrome and 
urea cycle defects. The total number of cells transplanted differed 
in the reports as did the use of freshly isolated hepatocytes or those 
previously cryopreserved but the results were quite consistent. In 
patients with metabolic liver diseases, if the cell dose delivered 
approached 2 x 10°/kg body weight, there was usually a 30% to 
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60% decrease of bilirubin levels in Crigler-Najjar syndrome 
patients® and significant decrease or complete normalization of 
ammonia levels in patients with urea cycle defects.“ If the cell 
dose delivered was substantially lower, a smaller change was nor- 
mally observed. 

Although Crigler-Najjar syndrome type 1 and urea cycle 
defects were the most common indications, other metabolic liver 
diseases have been also treated with hepatocyte transplantation. 
Sokal et al.” reported the significant correction of liver dysfunc- 
tion in a 4-year-old patient with infantile Refsum disease. Bile 
acid levels were normalized, indicating a resolution of cholestasis, 
and abnormally high dihydroxycoprostanoic acid and pipecholic 
acid levels were also substantially reduced (30% to 40%) after 
transplant. In glycogen storage disease type la*”’’ or glycogen 
storage disease type 1b,” patients were largely relieved of their 
hypoglycemic symptoms after hepatocyte transplant, and reported 
a substantial improvement in their quality of life. Muraca et al.”! 
reported that a patient could maintain a normal diet and sustain 
a 7-hour fast without experiencing hypoglycemia after the trans- 
plantation of as little as 1% of liver mass. A similar improve- 
ment and relief from hypoglycemic episodes was reported by 


Ribes-Koninckx et al., where a patient with glycogen storage 
disease type 1b remained normoglycemic with a normal diet 
without cornstarch after transplantation of an estimated 5% of 
liver mass. Glucose phosphatase activities were increased in both 
patients, confirming functional support by donor hepatocytes. 
Dhawan et al.” reported an 80% decrease in factor VII require- 
ments in two patients with severe inherited factor VII deficiency 
who received hepatocyte transplants.“ There is also a report of 
hepatocyte transplantation in one patient with tyrosinemia type 1, 
and although this disease is not normally considered as an indica- 
tion for hepatocyte transplantation, cellular therapy was used to 
help stabilize the patient until a definitive diagnosis could be 
made.” 

However, not all patients have shown improvement following 
hepatocyte transplantation. Hepatocyte transplants provided a 
quantifiable benefit in two patients with progressive familial intra- 
hepatic cholestasis type 2 (bile salt export pump defect).“” The 
study authors reported cirrhotic transformation with mild portal 
and lobular hepatitis in both patients and a previously unrecog- 
nized hepatocellular carcinoma in one of the patients with pro- 
gressive familial intrahepatic cholestasis type 2. Donor cells could 
not be identified in the liver in these two patents when they 
eventually received OLT. It is believed that the cirrhotic changes 
in and disruption of the normal architecture of the liver in these 
two individuals prevented efficient donor cell engraftment in the 
recipient's liver. 

Patients who are referred for hepatocyte transplants are gener- 
ally those who are also considered for whole organ transplant, and 
many of these patients are placed on the waiting list for OLT and 
hepatocyte transplant at the same time. There is now a report of 
hepatocyte transplants in a patient not normally considered for 
whole organ transplant. The case of hepatocyte transplantation 
reported in a patient with phenylketonuria“ highlights the poten- 
tial for hepatocyte transplantation indications to extend beyond 
those awaiting a whole organ transplant. 

Again, because it was the first report of a hepatocyte transplant 
for this disease, additional details are provided. Patients with 
phenylketonuria have mutations in the gene that encodes phenyl- 
alanine hydroxylase, which prevents the metabolism of dietary 
phenylalanine, resulting in significant elevations in blood phenyl- 
alanine levels. For more than 50 years a severe protein-restricted 
diet low in phenylalanine has been prescribed to maintain blood 
phenylalanine levels at a target concentration of less than 
360 umol/L. However, this highly restricted diet puts the patient 
at the risk of nutritional deficiency and is difficult to sustain. 
Noncompliance is frequent if not common. The data clearly indi- 
cate that there is a 1.9-fold to 4.1-fold decrease in intelligence 
quotient associated with each 100 [mol/L increase in blood 
phenylalanine levels.” Thus it is critical to maintain safe blood 
levels of phenylalanine. Also, recurrent illnesses such as viral or 
bacterial infections can induce a catabolic state resulting in seri- 
ously high phenylalanine levels even if dietary adherence was 
maintained. Preclinical studies with mouse models of phenylke- 
tonuria suggest that restoration of less than 10% of phenylalanine 
hydroxylase activity to the liver of a null individual makes the 
disease considerably more manageable and allows liberalization of 
the diet, whereas restoration of 10% to 20% of phenylalanine 
hydroxylase activity to the liver could completely restore phenyl- 
alanine levels in a mouse fed a normal diet. Stephenne et al.” 
reported the transplantation of hepatocytes from two different 
donors within a 7.5-month period in a 6-year-old child with 
tetrahydrobiopterin-nonresponsive phenylketonuria. Following 
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the second cell transplant, the target phenylalanine level was 
restored, and natural protein levels had to be increased from 5 g/ 
day to 9 g/day to avoid phenylalanine deficiency. However, within 
3 months the phenylalanine levels returned to pretransplant levels 
and liberalization of the diet was discontinued. A biopsy sample 
taken at 3 months after the first transplant revealed phenylalanine 
hydroxylase activity of 13% of normal, whereas a second biopsy 
sample taken 11 months after the first transplant, when the blood 
phenylalanine levels had returned to pretransplant levels and 
when the patient had to be returned to the phenylalanine- 
restricted diet, showed a phenylalanine hydroxylase activity of 
6.6% of normal. Although this is only one case, this report clearly 
shows that like other metabolic liver diseases, phenylketonuria is 
amenable to significant relief with hepatocyte cellular therapy. 
Also, particularly for phenylketonuria, predictions made from 
preclinical animal models were instructive for the patient trans- 
plant and there was good agreement between the preclinical 
models and the eventual clinical observation. A second phenylke- 
tonuria patient has received a hepatocyte transplant. The patient 
is now more than 2 years after hepatocyte transplant, and main- 
tains a normal protein diet and has a sustained 35% decrease in 
phenylalanine levels in the blood (I. Fox, personal communica- 
tions). In view of these results and the safety of the procedure, 
hepatocyte transplant may be considered for non-OLT candidates 
because it is a proven effective therapy for metabolic liver disease, 
is less invasive, and is associated with lower morbidity and 
mortality. 


Challenges and Solutions Regarding 
Hepatocyte Transplantation 


Although effective, hepatocyte transplantation remains an experi- 
mental therapy. Sufficient numbers of patients have received this 
therapy, and published reports from a number of different institu- 
tions justify a conclusion that this cellular therapy is effective in 
the restoration of liver function in patients with a monogenetic 
defect in a critical liver function. However, the length of time a 
positive clinical effect can be measured after transplant, how many 
cells need to be transplanted, and how and when they should be 
transplanted remain issues for additional study. There are suffi- 
cient data from the published reports to identify points in the 
procedure that, if optimized, could lead to improvements in the 
overall efficacy of this therapy. A number of excellent reviews 
have addressed these issues, and are presented in brief review 
here, 511485561 
The most significant challenges encountered with hepatocyte 
transplant procedures are as follows: 
1. Source of cells for transplant 
2. Assessment of hepatic viability and function before transplant. 
3. Methods for storage of cells after isolation and before 
transplant 
4, Tracking and assessment of donor cell function after transplant 
5. Optimal immunosuppressive therapy 
6. Engraftment and long-term repopulation of the recipient liver 
with donor cells 


Sources of Hepatocytes and 
Hepatocyte-Like Cells 


For allogeneic hepatocyte transplants, the source of cells has been 
mainly discarded livers not suitable for transplantation. Because 
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many of these livers are significantly steatotic, high-quality hepa- 
tocytes can rarely be obtained from these discarded livers. The 
occasional transplant-grade liver that is not used because a suitable 
recipient is not available is rare but has supported many hepato- 
cyte transplants. The discard of liver segments or whole lobes to 
reduce the size of a large liver to a size suitable for transplant into 
a smaller recipient has also been a useful source of liver tissue to 
many hepatocyte transplant programs. Mitry et al.“ described the 
procurement of tissue left over from split liver procedures where 
liver segment 4 with or without the caudate was used for cell isola- 
tion with excellent results in terms of viability and cell yield. The 
concept of domino liver transplant has also been extended to 
hepatocyte transplants. For example, cells from the liver of a 
patient with Crigler-Najjar syndrome were safely transplanted 
into a patient with a urea cycle defect. With current transplant 
techniques, the levels of repopulation attained in a recipient have 
not exceeded 20%, and this level of repopulation of the liver of a 
patient with a urea cycle defect with cells from a Crigler-Najjar 
syndome donor would still be sufficient to maintain both biliru- 
bin and ammonia metabolism. Careful consideration of the meta- 
bolic capabilities of the donor and recipient would be needed, but 
the concept of domino hepatocyte transplant is sound. Cells with 
excellent viability and function can be isolated from explant livers 
from OLT procedures conducted on metabolic disease patients, 
and transplants into mice resulted in high-level repopulation of 
the recipient liver. Cells isolated from an explant liver from a 
patient with glycogen storage disease type la were transplanted 
into a patient with phenylketonuria and biopsies at 3 months after 
transplant revealed 13% of normal phenylalanine hydroxylase 
activity in the recipient’s liver from the donor glycogen storage 
disease type la cells, with no adverse effects or adenoma forma- 
tion in the recipient.” 

Domino transplants of cells from explanted livers have many 
advantages. First the cells are retrieved from a living donor, which 
avoids the complications associated with brain death or donation 
after cardiac arrest. The explanted liver is immediately available 
for cell isolation with little to no cold ischemic time. Organ 
transplants for metabolic disease are frequently conducted in pedi- 
atric patients, so the age of the cell donor would be advantageous 
for transplant purposes. Although the left lateral segment is not 
expected to be a common source of cells, there was a report of 
the transplantation of cells from discarded tissue from a hyper- 
reduced left lateral segment from a living donor into an infant 
with a urea cycle defect.” 


Identifying the Correct Niche Signals for Hepatocytes 

Serial transplantation experiments in mice have clearly indicated 
that hepatocytes can expand in an almost limitless manner in 
vivo.“ However, this apparent limitless clonogenicity seen in these 
experiments is not matched by the clinical experience of human 
hepatocyte transplantation, where transplanted cells do not seem 
to expand within the recipient organ.” Furthermore, there is cur- 
rently a major limitation in the expansion of adult hepatocytes in 
vitro.® Adult mouse, rat, and human hepatocytes tend to undergo 
dedifferentiation in vitro, which implies the correct trophic signals 
or “niche cues” are missing that would allow mature hepatocytes 
to efficiently expand or even be maintained in vitro. In the mouse, 
Wang et al. described a perivascular niche in zone 3 of the liver 
that is capable of acting via Wnt signaling on hepatocytes imme- 
diately adjacent to the hepatic veins. These axin 2—positive cells 
were able to proliferate and self-renew even in the normal undam- 
aged liver. Font-Burgada et al.” described periportal hepatocytes 


that had some phenotypic features of both biliary cells and hepa- 
tocytes. These cells were again described as being stem cell-like 
and able to a regenerate a large proportion of the parenchyma 
following liver damage. If similar stem cell-like hepatocytes can 
be defined in human liver or the niche cues to make hepatocytes 
behave in a clonogenic manner can be identified, then this may 
have therapeutic importance as this may allow the in vitro expan- 
sion of mature hepatocytes or define the ability of the transplanted 
cells to repopulate the liver.” 


Alternative Sources of Hepatocytes 


There is an increasing knowledge base growing around the use of 
stem cells as a potential source of hepatocytes for transplantation. 
Fetal hepatocytes should be mentioned at this point. Fetal hepa- 
tocytes have an immature phenotype, and in rat models show an 
impressive ability to proliferate in the recipient liver, even reduc- 
ing fibrosis in one model.** Human fetal hepatocytes have been 
used in a limited number of human transplants and so there are 
limited clinical data (reviewed by Forbes et al.°’). The ethical and 
logistic issues surrounding the sourcing of fetal hepatocytes are 
likely to limit their experimental use in preclinical models that 
may well inform the development and use of stem cell-derived 
hepatocytes. 


Embryonic Stem Cells 

Embryonic stem cells (ESCs) are pluripotent stem cells that are 
obtained from the inner cell mass of the blastocyst. In human 
embryos this is usually reached at 4 days to 5 days after fertiliza- 
tion and contains approximately 50 to 150 cells. To derive ESCs 
the blastocyst is destroyed, which introduces an ethical dimension 
to their study and potential therapeutic utilization. ESCs are 
pluripotent stem cells. They can give rise to all three germ layers— 
ectoderm, endoderm, and mesoderm—and therefore potentially 
can give rise to all the cells in the body. Work in both mouse ESCs 
and later human ESCs has demonstrated the limitless potential 
for these cells to be expanded. Hepatocyte-like cells have been 
differentiated from ESCs with use of developmental signals seen 
in the developing fetus, including Wnt.” A significant advantage 
of these cells as a potential cell therapy product is that they can be 
expanded significantly in vitro without loss of function and they 
can also be readily frozen and thawed without adverse effects.” 
The human liver develops over a considerable period of time in 
a specialized environment, and recreation of this exact niche will 
be a major challenge. Current protocols mature and differentiate 
the ESCs into hepatocyte-like cells over several days and it is 
therefore not surprising that there is a lack of maturity of the cells. 
Baxter et al.’' found that on multiple gene expression, proteomics, 
and functional analyses that the ESC-derived hepatocyte-like cells 
were more akin to fetal than adult hepatocytes, which currently 
limits their clinical utility. The current challenge is to improve the 
maturity of ESC-derived hepatocytes. 


Induced Pluripotent Stem Cells 

Yamanaka et al.’*”* described that the transfection of adult fibro- 
cytes with so-called reprogramming factors induced the cells to 
become pluripotent stem cells in mouse and human cells’ for which 
Yamanaka received the Nobel Prize in Medicine or Physiology. 
These cells have been shown to be capable of acting in a fashion 
similar to ESCs in that they can be expanded in an unlimited 
manner in their undifferentiated form. Human induced pluripo- 
tent stem cells have been differentiated into hepatocyte-like cells 
with hepatocytic function similar to that of ESCs, and similarly 


to ESCs, this process has been promoted by the supply of hepatic 
developmental signals such as Wnt.” An obvious advantage of 
induced pluripotent stem cells is that they could theoretically be 
used for autologous therapy; however, for genetic metabolic dis- 
eases the genetic defect would need to be genetically engineered. 
Gene editing technology is rapidly improving, making autologous 
therapy in this context a realistic prospect. It has been shown 
that induced pluripotent stem cells from 0t)-antitrypsin-deficient 
patients can be genetically corrected before differentiation into 
hepatocyte-like cells that do not contain the 0t,-antitrypsin defect. 
The corrected cells were able to secrete normal ©,-antitrypsin and 
did not accumulate the abnormal protein in hepatocytes that is 
responsible for the liver disease.” 


Directly Reprogrammed Hepatocyte-Like Cells 

Sekiya and Suzuki” have shown that two transcription factors— 
hepatocyte nuclear factor 40 plus one of forkhead box A1, fork- 
head box A2, or forkhead box A3—directly reprogrammed adult 
mouse fibroblasts into hepatocyte-like cells in vitro. Impressively, 
these cells were able to rescue the fumarylacetoacetate hydrolase— 
null mouse. Human induced hepatocytes have also been devel- 
oped with use of the lentiviral transduction of human fibroblasts 
by hepatocyte nuclear factor 40, hepatocyte nuclear factor 10, 
and forkhead box A3.” Again these cells were able to rescue the 
fumarylacetoacetate hydrolase—deficient mouse. Although the 
reprogramming field is in its early stages, the results generated so 
far are already impressive in their biologic potency and clinical 
potential. 


Adult Hepatic Progenitor Cells 

Although the normal liver’s hepatocytes can respond efficiently to 
injury by dividing and regaining liver mass in chronic liver injury, 
there is an increasing degree of senescence seen in the liver’s hepa- 
tocytes.”” This is manifested by a lack of proliferation by the 
senescent hepatocytes: these cells are negative for proliferation 
markers such as Ki-67. Furthermore, the senescent hepatocytes 
can be recognized by positivity for p16 and p21. Following the 
chronic injury, an increasing proportion of the hepatocytes are 
seen to be senescent, and this is often accompanied by so-called 
ductular reactions, which spread from the portal tracts and contain 
both hepatocyte and biliary markers. It was long thought that 
such ductular reactions contained putative hepatic progenitor cells 
(HPCs) representing immature bipotential cells with an ability to 
regenerate both hepatocytes and biliary cells. Classical experi- 
ments in rat using toxins to induce hepatocyte injury and senes- 
cence triggered significant ductular reactions containing putative 
HPCs that on morphologic grounds appear to regenerate the 
parenchyma.” This area is highly controversial as lineage tracing 
experiments in mice using diet-induced models of liver injury 
failed to show robust regeneration of liver parenchyma from 
ductular cells and, by percentage, contributed nil or only a small 
proportion to the regeneration of hepatocytes*'; indeed, hepato- 
cytes could also be seen to dedifferentiate into ductular cells." 
This would clearly question their therapeutic significance. 
However, recent studies in mice where significant senescence was 
genetically induced through the hepatocyte-specific deletion of 
MDM 2 has suggested that in the context of senescence the HPCs 
can regenerate significant quantities of functional parenchyma.” 
In that study, phenotypically defined mouse HPCs could be mas- 
sively expanded and were also therapeutic when transplanted into 
recipient mice, with iterative induction of liver injury and senes- 
cence. The cells could also be frozen and defrosted without 
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detrimental effects. The recipient mice had near normal liver 
architecture and liver function compared with control mice that 
had significant cirrhosis and severely impaired liver function and 
did not receive transplants. If such cells could be identified in 
human liver and expanded in vitro in a genetically and phenotypi- 
cal stable manner, then they could represent a potential future 
source of cells for transplantation. 

The identification of human HPCs is more challenging, in part 
due to the inability to perform the type of cell lineage tracing 
experiments that can be performed in mice. However, there are 
data from human livers and cells that should be described both 
from the histologic and the molecular analysis of human livers 
and also from the analysis of cells isolated from human liver. 
Regarding the analysis of whole liver, there are clear descriptions 
of ductular reactions in human liver—disease containing cells with 
keratin markers for both biliary and hepatocyte cell markers." 
Whether these cells are regenerative in the liver is hard to deter- 
mine. The clonal relationship of at least a proportion of ductular 
reactions to regenerative nodules has been demonstrated by laser 
capture microdissection of the ductular reaction and adjacent 
regenerative nodule followed by mitochondrial DNA sequenc- 
ing.” This clearly demonstrates that there is a clonal relationship 
between the regenerative nodule and the adjacent duct; however, 
whether the duct gives rise to the nodule, visa versa, or whether 
both originate from a separate common founding cell is a moot 
point as histologic analysis of such tissue can only provide a snap- 
shot in time.” Whether human HPCs can be identified with 
similar clonogenicity, bipotentiality, and transplant potency as 
defined mouse HPCs remains to be seen. 

An intriguing aspect of the recent data demonstrating the 
ductular change of hepatocytes following liver injury” is the theo- 
retical potential for the dedifferentiation of transplanted hepato- 
cytes into ductular-like cells in the context of ongoing liver 
damage and hence loss of their phenotypic stability and therapeu- 
tic role. This differentiation of transplanted hepatocytes into 
ductular cells has already been demonstrated in a rat transplanta- 
tion model. Following transplantation and partial repopulation of 
the liver, the recipient rats underwent bile duct ligation. This 
prompted transdifferentiation of hepatocytes into biliary epithelia 
cells. This was particularly efficient if the procedure was combined 
with an administration of a biliary toxin.*° 


Organoid Culture of Hepatocyte Cells 

Adult stem cells in the gastrointestinal tract and various other 
organs have been identified by expression of the leucine-rich 
repeat—containing G protein-coupled receptor 5 (Lgr5) marker.*” 
Isolation of these Lgr5 cells facilitated the development of organ- 
oid culture which initially grew gut organoids from Lgr5-positive 
cells. This technique was extended to liver organoid cultures 
derived from Lgr5-positive liver cells. These cells could be exten- 
sively expanded in vitro, in a Wnt-dependent manner, before 
transplantation in the fumarylacetoacetate hydrolase—null mouse, 
where they formed into functional hepatocyte clusters.® Such 
an organoid culture system has been applied to human liver cell 
organoid cultures.” Here the epithelial cell adhesion molecule- 
positive ductal cells readily gave rise to organoids that could be 
rapidly expanded, in contrast to the adult hepatocytes, which were 
not able to produce organoid cultures. At least in this system the 
epithelial cell adhesion molecule—positive ductal cells behaved 
as stem cells and were clonogenic in vitro. Of clinical impor- 
tance for this system, the cells remained genetically stable during 
their expansion, and on differentiation into hepatocyte-like cells 
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exhibited both synthetic and drug-metabolizing activity. Further- 
more, the organoids could be grown from liver biopsy samples, 
raising the possibility of an autologous cell source for transplanta- 
tion. Of course, for genetic liver disease this would be therapeutic 
only if some form of genetic corrective procedure were undertaken 
before expansion and differentiation. Although this system is very 
exciting, there are currently some limitations to clinical develop- 
ment that need to be overcome. The engraftment of the cells was 
very poor when tested in an immunodeficient mouse model with 
liver injury.” This may reflect the lack of selective advantage for 
the transplanted cells in this model but may also indicate a lack 
of full phenotypic maturity of the transplanted cells—a common 
theme in the field at present. 


Assessment of Hepatic Viability and 
Function Before Transplant 


For most of the hepatocyte transplant procedures reported, the 
only viability or functional assessment conducted on the cells 
before transplant was a trypan blue exclusion test. Two groups 
have reported detailed methods for the assessment of hepatocyte 
viability and function before transplant. Donato et al.” reported 
on the functional assessment of isolated hepatocytes with end 
points including viability, attachment efficiency, urea synthesis, 
and cytochrome P450—mediated drug metabolism. The assays 
were designed to be useful for both cryopreserved and freshly 
isolated cells. The assays were specific and informative with respect 
to hepatic function. The method needed to assess the metabolic 
activity of the cells included the use of a high-pressure liquid 
chromatography system coupled to two sequential mass spectro- 
photometers. A similar concept, but with experiments and mea- 
surements conducted with common laboratory equipment, was 
reported by Gramignoli et al., where simplified methods were 
presented to analyze 11 end points to assess the metabolic func- 
tion of hepatocytes. The assays measured five cytochrome P450— 
mediated metabolic reactions, one phase II conjugation reaction, 
and ammonia metabolism in addition to viability, caspase activity, 
and cell attachment/plating efficiency. The assays can be com- 
pleted with fewer than 20 million cells, and in less than 2 hours 
from the time of cell isolation. Only simple laboratory equipment, 
microplate readers for fluorescence and luminescence, and hepa- 
tocytes plated on 12-well or 96-well plates are required to com- 
plete the analysis. As with the assays suggested by Donato et al., 
these end points can be completed well before the cells would be 
used for a patient transplant, and can provide function data to 
assess the suitability of the isolated cells for subsequent transplan- 
tation. Because short-term viability and function may not predict 
long-term viability and function, the methods can be used on cells 
attached to culture plates for extended periods. 


Methods for Storage of Cells After 
Isolation and Before Transplant 


In a typical hepatocyte transplant procedure, up to 5% of esti- 
mated liver mass or approximately 2 x 10° cells per kilogram of 
body weight can be transplanted. Obviously, this number of cells 
cannot be infused in a single bolus, and the cells are usually given 
as infusions of up to 1.5 billion cells delivered in approximately 
1 hour, in three to six separate infusions, in a time frame of 24 
hours to 36 hours. This necessitates methods to provide viable 
cells for up to 36 hours. Where it has been reported, the preferred 
method to sustain viability and function of the isolated cells is to 


maintain them in University of Wisconsin solution (also referred 
to as Belzer’ solution) or a similar product from Institut Georges 
Lopez (IGL-1).”*'” Because both solutions are approved for cold 
storage of the liver before transplant, there are no regulatory 
problems with their use with isolated cells. The time limits within 
which the cells maintain sufficient viability and function have also 
been examined recently.’ Cell maintained in University of Wis- 
consin solution for up to 72 hours were examined for viability, 
plating efficiency, caspase activity, and metabolic activities, includ- 
ing cytochrome P450 activity, phase II conjugation, and ammonia 
metabolism. Although total viability decreased and caspase activ- 
ity increased during the 72-hour period, the results of the assays 
conducted on up to 47 preparations of isolated hepatocytes indi- 
cated that cells maintained functional metabolic activity for up to 
48 hours at levels not significantly different from those of control, 
freshly isolated samples. With some livers, particularly those from 
older, steatotic or otherwise marginal livers, the viability may be 
better maintained if the donor liver is separated into multiple 
pieces that can be perfused at later times during the 24-hour to 
36-hour period to provide isolated cells.” The choice of maintain- 
ing the isolated cells under hypothermic conditions for extended 
times or performing multiple cell isolations on the same donor 
liver must be determined on a case-by-case basis. 


Tracking Donor Cells and Assessment 
of Cell Function After Transplant 


In the current reports the assessment of the presence of donor cells 
and their continued function after transplant has largely been 
made by indirect methods, by following changes in clinical 
parameters before and after hepatocyte transplant. With meta- 
bolic disease patients it is a little more straightforward, as the 
clinical measurement diagnostic for that disease can be analyzed, 
such as ammonia levels in a urea cycle defect patient or bilirubin 
levels in a Crigler-Najjar syndrome patient. In patients with acute 
liver failure, changes in intracranial pressures or cerebral blood 
flow or the return of synthetic function, such as the production 
and secretion of clotting factors, can be used. Although useful, 
these methods are indirect, and routine methods to track the 
donor cells over the long term or to analyze their sustained pres- 
ence in recipient liver in the absence of functional activity are 
needed. It is well known that bacterial or viral infections and the 
cytokine release associated with these and other conditions can 
inhibit hepatic metabolic process, leading to increases in bilirubin 
or ammonia levels in the recipient. Clinicians following up 
patients have no other parameter to assess the status of the donor 
cells so they assume that the cells are being rejected and they 
administer steroids and other immunosuppressive drugs. If the 
patient has a urea cycle defect, bolus steroids would likely worsen 
an already catabolic state, making the patient even worse than if 
nothing were done. It would be extremely valuable to have a 
parameter, a biomarker, independent of the disease phenotype 
that remained constant throughout the infection to signal to the 
treating physician that the donor cells are still present and a rejec- 
tion episode has not been initiated. The biomarker could also 
provide an indication of the level of engraftment when the trans- 
plant is initiated, as well as signaling if donor cells are replicating 
and prepopulating the liver or, conversely, if they are being lost. 
Bohnen et al.® reported the radioactive labeling of isolated 
hepatocytes with indium In 111 oxyquinoline, and the tracking 
of the biodistribution of the infused cells for up to 7 days after 
transplant. Although such studies are excellent for determining 


the distribution of the cells in the immediate posttransplant 
period through noninvasive means, they are not useful for longer- 
term investigations or for the assessment of function of the trans- 
planted cells. Tracking of human hepatocytes prelabeled with 
clinically approved iron oxide MRI contrast agents have been 
described,”* and as with indium-111, tracking of cells can be 
assessed with noninvasive means, but no function data are 
obtained, only a general localization of the contrast agent. Fisher 
et al.’ reported the ability to assess the continued presence of 
donor cells through measurements of secreted HLA when there 
is a mismatch between the recipient and donor cells. Again, analy- 
sis of function is not provided; however, changes in the levels of 
secreted HLA could provide valuable information concerning the 
relative number of live donor cells in the recipient liver. Additional 
studies should be conducted to determine how often these mis- 
matches can be analyzed and how useful this might be, as the 
technique would allow the long-term analysis of donor cell 
engraftment and survival through a simple blood test. Several 
groups are now starting to examine polymorphic proteins secreted 
by the liver, such as O)-antitrypsin, haptoglobin, and apolipopro- 
teins, where different variants normally exist in the population 
and a mismatch in any of these proteins could be measured in the 
patient’s blood and used to estimate the relative proportion of 
donor cells in a recipient’s liver, and any changes in those levels 
that might occur over time after transplant. 


Optimal Immunosuppressive Therapy 


The immunologic reactions associated with hepatocyte transplan- 
tation are not well understood. In the studies to date, the same 
immunosuppressive protocols and drugs are used for hepatocyte 
transplants as are used for whole organ transplantation. Initially, 
it was believed that lower levels of immunosuppressive drugs 
might be required to sustain a hepatocyte allograft as compared 
with the whole liver. These assumptions are based on the observa- 
tions that the immune response to a liver allograft is frequently 
directed against the biliary system rather than the hepatocyte 
compartment, and rejection of the liver allograft results mainly 
from immune-mediated biliary damage. Because few biliary cells 
would be expected to be included in the hepatocyte preparation, 
a weaker immunologic response was expected. This assumption 
has proven hard to verify. The first documented immunologic 
response to a hepatocyte graft was reported by Allen et al., who 
described a donor-directed, class I HLA cellular alloresponse that 
was associated over time with a loss of cell graft function. Jorns 
et al. described the emergence of donor-specific antibodies 
(DSAs) in two patients who received hepatocyte transplants. 
Immunologic response was directed against both class I and 
class II HLAs. One patient received hepatocytes from two differ- 
ent donors and DSAs to both donors were detected. However, 
this DSA response was only observed after all immunosuppressive 
drugs had been voluntarily withdrawn, so the significance of the 
observation is not clear. In a second patient where immunosup- 
pression was optimally maintained, a DSA humoral response was 
also noted. In this patient a decrease in bilirubin levels to 50% of 
pretreatment levels was noted out to more than 6 months, after 
which bilirubin levels gradually increased to pretransplant levels 
during the next 500 days. From these studies it is not possible to 
determine if a humoral DSA response was causal in the loss of 
cell graft function. The data suggest that the loss of function as 
measured by bilirubin levels was gradual and preceded detection 
of DSAs. Thus it is not clear if a low-level, undetectable DSA 


CHAPTER 6 Stem Cells and Hepatocyte Transplantation 


response contributed to the loss of cellular function or if the 
gradual loss of function was associated with normal senescence 
and death of donor hepatocytes and a release of cellular compo- 
nents from dying cells initiated a DSA response. What is clear is 
that hepatocytes are not as immune privileged as previously 
believed and that both cellular and humoral immunologic 
responses are measured in some patients following hepatocyte 
transplantation. Going forward, a careful and complete analysis 
of the patient’s immunologic response to hepatocyte transplants 
is warranted. 


Engraftment and Long-Term Repopulation 
of Recipient Liver With Donor Cells 


Reports suggest that the most significant problem with hepatocyte 
transplantation is poor engraftment and long-term repopulation 
of the recipient's liver with donor hepatocytes. It is quite likely 
that these are different processes. For the purposes of discussion 
here we will define engraftment as those cells that move from the 
vascular supply, usually the portal vein, and integrate into hepatic 
parenchyma and function. Engraftment would also likely be con- 
fined to a short period (1 day to 7 days) immediately following 
the first infusion of cells. We will define long-term repopulation 
of the liver as an increase in the cell number or a measured meta- 
bolic function over that estimated to be due to the number of 
cells initially infused. 

‘The assumption that there is poor engraftment with hepatocyte 
transplants comes mainly from the preclinical literature that 
reports that only a small portion of the cells infused, perhaps as 
low as 10%, actually engraft in the liver of the recipient” Initial 
hepatocyte engraftment following a clinical transplant has never 
been measured, but functional data and direct measurements of 
donor cell DNA or immunolocalization of donor cells in recipient 
liver patients suggests that the initial engraftment may be consid- 
erably higher than the levels expected from the preclinical studies. 
Bohnen et al.“ infused 1 billion hepatocytes into a 5-year-old boy 
with a urea cycle disorder, where 10% of the cells were radioac- 
tively labeled with indium-111. Whole-body imaging was con- 
ducted at 2 days, 24 days, and 7 days after cell infusion. The 
results showed that the biodistribution of the cells was highly 
confined to the liver and the loss of radioactivity over the 7-day 
period was what would be expected from the decay of indium-111 
and the rate of release of indium from the hepatocytes. Although 
direct hepatocyte engraftment could not be measured from these 
experiments, there clearly was not a loss of 80% to 90% of 
the radiolabeled cells from the liver during the first week after 
transplant. 

As indicated already, with metabolic liver diseases such as 
Crigler-Najjar syndrome type 1 and urea cycle disorders, it is 
assumed that restoration of 10% to 15% of normal metabolic 
activity of the missing enzyme would largely correct the symptoms 
of the disease. These estimates are in good agreement with direct 
measurements of enzyme activity in patients with partial loss of 
enzymatic activity and the severity of their symptoms of the 
disease. Thus, on the basis of the mathematics, an infusion of 5% 
of liver mass would result in 5% restoration of enzymatic function 
if the cells infused expressed the same relative level of enzyme 
activity as those in a normal liver. If the function of cells in 10% 
of liver mass were sufficient to correct a metabolic end point such 
as ammonia, bilirubin, or phenylalanine levels, then infusion of 
5% of liver mass could result in a 50% correction of the disease 
parameter measured if most or all of the cells engrafted and 
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functioned after transplant. In the clinical studies where it was 
measured, there is good agreement between the number of cells 
infused as a percentage of liver mass and the level of correction 
of the disease. Fox et al.ë reported the infusion of approximately 
4% of liver mass into a patient with Crigler-Najjar syndrome 
type 1. Biopsy samples taken later indicated enzymatic activity of 
approximately 5% of normal. Also, a 50% reduction in bilirubin 
levels was observed in this patient, which again is in good agree- 
ment with the 40% to 50% reduction of bilirubin levels expected 
from the infusion of this number of cells. Subsequent studies 
confirmed the close correlation between the percentage of liver 
mass (estimated hepatocyte number) infused and the relief of 
disease symptoms observed.*”“””””? Studies in primates support 
the conclusion that initial engraftment of hepatocytes is much 
greater than that expected from rodent studies. Levels of engraft- 
ment of approximately 50% were reported when autologous 
hepatocytes were transplanted into rhesus monkeys (Macaca 
mulatta).”° The study authors suggested that the extensive lobular 
structure of the rodent liver may somehow influence the outcome. 
The results from human patients indicate that if approximately 
5% of liver mass is infused, approximately 5% of normal liver 
function is restored. The easiest interpretation of these studies is 
that a very large percentage of the cells initially infused into the 
patient survived the transplant procedure and engrafted, and 
functioned in the recipient’s liver. Of course, one could not 
rule out that 50% of the cells survived, and subsequently went 
through one round of cell replication to arrive at the same final 
point. Thus the preponderance of data suggests that in clinical 
hepatocyte transplants, the initial engraftment of hepatocytes is 
reasonably efficient. The reason(s) that the clinical data may be 
better than that expected from preclinical studies may be due to 
the relative speed of infusion of the cells in the two different 
procedures, the use of anticoagulants, or even vascular or ana- 
tomic differences. In a clinical transplant, 5% of liver mass may 
be infused slowly within 24 hours to 36 hours, whereas in pre- 
clinical studies in rodents, this same proportion of liver mass is 
delivered in a single bolus. 

Even if initial engraftment is not a significant problem for 
clinical hepatocyte transplants, long-term studies indicate that the 
function of the donor cells is usually lost by 1 year to 2 years after 
transplant.*”*“??""'"! Reports indicate that significant metabolic 
function from donor cells is easily measured out to at least 6 
months. Thereafter parameters such as ammonia or bilirubin 
metabolism or phenylalanine levels slowly returns to pretransplant 
levels. Many, but not all, studies suggest that the cells are lost from 
the recipient liver, as DNA analysis or immunolocalization tech- 
niques have frequently failed to identify donor cells in biopsy 
samples or explanted liver tissue at the time of OLT. 

Preclinical studies indicate that hepatocyte transplant works 
best when there is a survival or replicative advantage for donor 
cells in the recipient's liver.*'"”'®? Even human hepatocytes will 
selectively proliferate in a mouse liver if a sufficient selective growth 
advantage is provided,” confirming that the human hepato- 
cytes do not perform differently in transplant studies from those 
from rodent strains. Although the preconditioning methods used 
to provide a growth advantage in the preclinical studies cannot 
always be translated to the clinic, the studies clearly indicate that 
donor hepatocytes must be provided with a growth advantage to 
lead to high-level repopulation of the liver. For the metabolic liver 
diseases most frequently treated by hepatocyte transplantation, 
such as Crigler-Najjar syndrome and urea cycle disorders, there 
are no severe pathologic changes to the architecture or function 


of the native liver, and no enhanced cellular turnover is obvious 
from histologic sections taken at the time of OLT. Because there 
is no selective loss of native liver cells, donor cells would not be 
expected to experience a growth or survival advantage in these 
diseases. The consensus of the investigators involved in clinical 
hepatocyte transplants is that for hepatocyte transplantation to 
become more successful, a preconditioning regimen will have to 
be applied to the recipient that will provide a growth stimulus or 
growth advantage to donor cells 156586167 

The three most clinically acceptable techniques to precondition 
the patient before hepatocyte transplant are low-dose external 
bean radiation, portal vein occlusion, and surgical resection of the 
liver (partial hepatectomy). Of the three techniques, only results 
with partial hepatectomy have been reported from a clinical study. 
Jorns et al.” investigated the safety and efficacy of partial hepa- 
tectomy within 6 hours before hepatocyte transplantation in two 
patients with Crigler-Najjar syndrome type 1. They reported 
“both patients tolerated liver surgery well with no procedure- 
related complications.” Importantly, no increase in portal pressure 
was noted following the liver resection, which would be a possible 
concern for a subsequent hepatocyte transplant. In that study, the 
patients were older and heavier than those reported in other 
studies of transplants in Crigler-Najjar syndrome type 1 patients. 
When compared with pretransplant levels, a 50% reduction in 
bilirubin levels was experienced in both patients. These levels of 
reduction are all the more interesting because the patients only 
received 40% to 50% of the target cell dose of 2 x 10°/kg body 
weight. Yet despite the low number of cells transplanted, the 
reduction in bilirubin levels observed was comparable to that in 
other studies when far more cells were transplanted relative to 
body weight. Although indirect, these data suggest there was some 
benefit to the preconditioning liver resection. Additional studies 
are warranted to confirm this conclusion. 

There is a significant literature reporting the enhancement of 
repopulation of the liver by donor hepatocytes when the recipient 
received a dose of radiation to the liver before cell transplant. 0*0 
The mechanism by which this occurs includes temporary disrup- 
tion of the sinusoidal endothelial cell layer that allows enhanced 
engraftment in the liver and inhibition of Kupffer cell activity 
to slow down removal of unengrafted cells. Perhaps the most 
significant effect of radiation is on the level of replication of the 
hepatocytes in the recipient’s liver. Radiation induces a strong and 
long-term inhibition of replication in the irradiated cells. Thus 
cells infused after the radiation dose has been delivered have a 
growth advantage compared with the radiation-inhibited cells in 
the host liver. Over time, the donor cells preferentially replicate 
and selectively contribute to the normal turnover of the liver as 
compared with the native cells in the irradiated field. Chemo- 
therapeutic drugs might also have a similar and strong growth- 
inhibitory effect on the native liver; however, these agents will 
also have unwanted systemic effects on other organs and tissues 
and their clearance from the body may be prolonged, leading 
to bystander, inhibitory, effects on the transplanted hepatocytes. 
Radiation damage is delivered in an instant, and only to the pre- 
cisely prescribed area being irradiated. The adverse effects of radia- 
tion exposure on the liver can be minimal if the dose delivered 
is sufficiently small. Organs such as bone marrow and the lungs 
are considerably more radiosensitive than the liver. Low doses, 
such as 4.5 Gy, are commonly used even in pediatric patients to 
control rejection, whereas overt liver toxicity, such as radiation- 
induced hepatitis, is not usually observed unless doses of 25 Gy 
or more are delivered to the whole liver, and severe toxicity, such 


as veno-occlusive disease associated with massive denudation of 
the endothelial cell layer, is not observed until doses of 45 Gy 
to 50 Gy are delivered to the liver.””’®* Single fractions of 5 Gy 
have been reported to be safe in children (>2 years), and higher 
doses can be safely delivered to the liver if the entire liver is not 
irradiated and the radiation exposure is restricted to a smaller 
fraction of the liver. 

With these considerations as background and in consultation 
with leading radiation biologists throughout the United States, 
investigators at the University of Pittsburgh have initiated a 
clinical trial to examine the safety and efficacy of a radiation- 
preconditioning regimen of the recipient before hepatocyte trans- 
plantation (Clinical Trials.gov NCT01345578; 2011). According 
to this protocol, the radiation dose of up to 10 Gy will be deliv- 
ered to the right lobe of the liver, an area estimated to be approxi- 
mately 35% of the entire liver as determined by a planning CT 
scan. At a later time, hepatocytes are infused into the right (irradi- 
ated) lobe of the patient via the portal vein at the same time that 
a balloon catheter is placed and inflated in the left portal branch 
to prevent cells from entering it. Following the procedure, the 
balloon is deflated and the catheter is removed, restoring flow to 
the entire liver. There are no published reports of the efficacy of 
the procedure in the three patients who have received this proto- 
col, but no serious adverse events have been reported. 

In the radiation protocol, in addition to the radiation dose 
there is a temporary portal vein occlusion of the left branch of 
the portal vein to enhance delivery of donor cells to the irradiated 
portion of the liver. This temporary portal vein occlusion may also 
contribute to an enhanced regeneration response because portal 
vein occlusion in addition to surgical procedures is now routinely 
used to enhance the size of the future remnant liver before hepa- 
tectomy in patients where an extended liver resection for removal 
of cancer might otherwise result in a remnant liver too small to 
sustain the patient and would result in a small-for-size acute liver 
failure. Partial portal vein embolization induces hepatocyte repli- 
cation in the unaffected regions of the liver, and therefore may 
contribute to enhanced engraftment and repopulation of the liver 
with donor hepatocytes. In studies particularly relevant to the 
clinic, Dagher et al.” reported that partial portal vein emboliza- 
tion before hepatocyte transplant resulted in an enhanced level of 
repopulation of the liver of primates over that observed with cell 
transplantation alone. Under the best circumstances where an 
autologous transplant of the recipients own hepatocytes was per- 
formed immediately after a 20% to 25% hepatectomy, up to 20% 
of recipient liver was repopulated with donor cells. If similar levels 
of repopulation with donor cells were obtained in a metabolic 
liver disease patient, complete or near complete relief of disease 
symptoms would be expected. 
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Although a conclusion of that study was that partial portal vein 
embolization enhanced the repopulation of recipient liver with 
donor hepatocytes, partial portal vein embolization was accompa- 
nied by a partial resection of the liver to provide the cells for 
autologous transplant. Dagher et al. suggested that approximately 
20% of liver mass was removed. Thus the study was in many ways 
similar to the clinical report of Jorns et al., where partial hepa- 
tectomy (20% to 30%) was used as a preconditioning regimen 
before allogeneic hepatocyte transplant. It is interesting that Jorns 
et al. reported relatively large increases in hepatocyte growth factor 
(HGF) levels in the plasma of the patients that coincided with 
the infusion of hepatocytes. Even a second infusion of hepatocytes 
in one patient several months after the hepatectomy resulted in a 
substantial release of HGF into plasma. These increases in HGF 
levels were noted at times when the infusion of hepatocytes 
increased portal pressure. Because similar elevations in HGF levels 
were not observed following the low-level partial hepatectomy 
procedure alone, the conclusion could be drawn that the infusion 
of the cells induces a transient embolization of some of the portal 
vessels that results in an increase in portal pressure. These events 
directly or indirectly cause a release of HGF from its extracellular 
stores in the liver in a manner similar to an extended (two thirds) 
hepatic resection, where the significant rise in portal pressure that 
accompanies larger hepatic resections results in massive HGF 
release.” Thus portal embolization, either planned or unplanned, 
likely accompanies hepatocyte transplants and is associated with 
a robust release of liver mitogens. A transient embolization and 
increases in portal pressure noted during hepatocyte transplants 
may not be adverse effects of the procedure but may be beneficial 
to engraftment and repopulation of the liver with donor cells. 


Conclusion 


Hepatocyte transplantation has been proven to be safe and effec- 
tive in many studies in more than 20 years of clinical application. 
Yet, with the possible exception of acute liver failure, no patients 
have experienced long-term resolution of their liver disease by 
cellular therapy alone. It is now clear that a preconditioning 
regimen will be required to provide a growth stimulus/growth 
advantage to the donor cells to enhance the repopulation of the 
recipient liver with donor hepatocytes. Additional cell sources, 
such as stem cell-derived hepatocytes, will be required if this cel- 
lular therapy is to be applied to all those who require support of 
liver function. 
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ABBREVIATIONS 


AIH autoimmune hepatitis 

ALT alanine aminotransferase 

AP alkaline phosphatase 

APRI aspartate aminotransferase to platelet ratio index 
AST aspartate aminotransferase 

BMI body mass index 

Cl confidence interval 

GGTP y-glutamyl transpeptidase 

GI gastrointestinal 

HBV hepatitis B virus 

HCV hepatitis C virus 

HIV human immunodeficiency virus 

LDH lactate dehydrogenase 

LFT liver function test 

MRP2 multidrug resistance—associated protein 2 
NAFLD nonalcoholic fatty liver disease 

NASH nonalcoholic steatohepatitis 

NHANES National Health and Nutrition Examination Survey 
PBC primary biliary cholangitis 

PSC primary sclerosing cholangitis 

PT prothrombin time 

ROC receiver operating characteristic 

TNF tumor necrosis factor 

UGT uridine diphosphate glycosyltransferase 


Introduction 


Liver function tests (LFTs) involve a panel of biochemical tests 
that includes tests for aspartate aminotransferase (AST), alanine 
aminotransferase (ALT), alkaline phosphatase (AP), bilirubin, total 
protein, and albumin. The LFT panel is a misnomer because it 
does not reflect only liver function; instead, LFTs involve markers 
of liver cell damage or dysfunction, as well as liver function. 
Because the liver performs multiple functions, no single labo- 
ratory test or battery of tests provides a complete estimate of 
liver function in all clinical situations. For patients with abnor- 
mal LFT results, classification of laboratory tests into separate 
broad categories is helpful. These categories include tests that 
(1) reflect injury to hepatocytes or bile ducts, such as tests for 
serum aminotransferase, serum lactate dehydrogenase (LDH) 


(hepatocellular injury), AP, y-glutamyl transpeptidase (GGTP), 
and 5-nucleotidase (bile duct injury) levels; (2) measure the liver’s 
capacity to transport organic anions and clear endogenous or exog- 
enous substances from circulation, such as bilirubin, urobilinogen, 
bile acids, bromsulphalein, and indocyanine green; (3) measure the 
liver’s capacity to metabolize drugs, such as antipyrine clearance, 
the aminopyrine breath test, the caffeine breath test, urea synthesis 
rate, and the lidocaine metabolism (monoethylglycinexylidide) 
test; (4) measure hepatic synthetic function, such as levels of serum 
proteins, albumin, coagulation factors, plasma lipids, and lipopro- 
teins and percent carbohydrate-deficient transferrin; and (5) con- 
tribute to an accurate diagnosis of liver disease but do not necessarily 
assess liver function, such as assessments of y-globulin levels and 
immunoglobulin levels, specific autoantibody tests, and serologic 
tests for viral hepatitis. Many of these tests are not routinely used 
in clinical practice, and their utility is limited to research and 
development.’ This chapter focuses on tests that are of clinical 
importance and have utility in routine clinical practice. 


Historical Perspective: 100 Years 
of Liver Function Tests 


Blankenhorn first reported the icterus index to assess liver func- 
tion in 1917.”°” For the icterus index the amount of bile pigment 
in serum was estimated on the basis of color change compared 
with an arbitrary color standard in a microcolorimeter. Normal 
icterus index scores ranged from 4 to 6; scores between 6 and 15 
indicated latent jaundice, and scores above 15 indicated clinical 
icterus. In 1921 van den Bergh”? reported a method to qualita- 
tively and quantitatively assess bilirubin in blood. In 1925 Wallace 
and Diamond” developed a satisfactory quantitative method for 
estimating the amount of urobilinogen. Increased amounts of 
urobilinogen in urine were indicative of an advanced disease state, 
and an increased amount of urobilinogen was the single most reli- 
able identifier of advanced liver disease.“ Pioneers in the study of 
liver disease include Mann, Magath, Whipple, Greene, Boilman, 
Hooper, van den Bergh, Rous, McMasters, Ellmann, Graham, 
and Cole. These investigators have written illuminating chapters 
on experimental hepatic physiologic research.” In 1927 Epstein 
et al.“ reported the rose bengal test (a dye clearance test) to assess 
liver function in disease states. By 1930 the role of the liver in 
normal metabolic functions and its regenerative ability had been 
established. In a consensus report, three tests were shown to be of 
clinical value in assessing liver function in liver disease patients: 
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(1) the bromsulphalein dye test (a modified version of the rose 
bengal test); (2) the estimation of serum bilirubin levels (i.e., the 
icterus index and quantitative van den Bergh test); and (3) the esti- 
mation of urobilinogenuria. Bromsulphalein retention provided 
valuable confirmatory evidence of liver dysfunction and had been 
used in cases of liver disease not associated with jaundice, espe- 
cially cirrhosis.” In 1944 Higgins et al.“ investigated a cohort of 
71 patients with liver disease of variable severity and validated the 
diagnostic and prognostic value of a liver function panel compris- 
ing serum bilirubin, albumin, protein, globulin, and phosphatase 
levels in distinguishing liver dysfunction from control and other 
disease states. The panel also included hippuric acid and laevulose 
tolerance tests. Changes in plasma protein levels were signifi- 
cant for liver disease. In cases of hepatitis with jaundice, strong 
correlations between the time of jaundice presentation, changes 
in the albumin-to-globulin ratio, and prognosis were observed. 
Jaundice for more than 2 months and a plasma albumin level 
of less than 2 g/dL (plasma globulin level is commonly greater 
than 4 g/dL) were correlated with irreparable liver damage.” A 
quantitative method for measuring serum alkaline phosphate was 
developed in 1934, although its first association with liver disease 
(obstructive jaundice) was described in 1939.*°*’ Histochemical 
techniques to identify the source of this enzyme were first reported 
in 1942.*° ALT was first reported as an indicator of liver injury in 
1960.“ Prolonged prothrombin time (PT) and hippuric acid were 
reported as markers of liver injury in patients with hepatospleno- 
megaly and hepatic amebiasis in an Egyptian patient population 
in 1947.” In 1953 PT was recognized as a marker of hepatic 
insufficiency.” Child and Turcotte” first described a classification 
for hepatic function reserve in patients with cirrhosis in 1964; 
in 1981 this classification was shown to be a prognostic tool for 
portal hypertension in patients undergoing shunt surgery.” This 
system comprises albumin, bilirubin, ascites, encephalopathy, and 
nutritional status. In 1973 nutritional status was replaced with PT 
by Pugh et al.” Another model, the Model for End-Stage Liver 
Disease (MELD), was designed in 2000 on the basis of bilirubin 
level, international normalized ratio, and serum creatinine level 
to more objectively predict mortality in patients with cirrhosis 
and portal hypertension undergoing transjugular portosystemic 
shunt.” Subsequently, this model was extensively validated in 
multiple cohorts of cirrhosis patients to predict mortality and was 
implemented as a tool to prioritize patients for liver transplanta- 
tion in February 2002.*°” In the last decade several noninvasive 
biochemical panels, models, and scores have been developed on 
the basis of LFTs (AST, ALT, AP, albumin, and international 
normalized ratio) in conjunction with other parameters to assess 
hepatic fibrosis with a very high degree of certainty (discussed 
later in this chapter). Currently, with the availability of a wide 
array of tests in addition to LFTs, clinicians can establish a precise 
etiologic diagnosis, disease stage, and prognosis in chronic liver 
disease patients with greater precision. 


Liver Functions Tests: Anatomic, 
Physiologic, and Pathologic Basis 


Tests That Assess the Function of 

Biliary Organic Anion Transport 

Bilirubin 

Bilirubin (Table 7-1) is the end product of heme catabolism. Bili- 
rubin gives bile its characteristic color and accounts for the yellow 


Management and Assessment of Liver Disease 


Causes of Elevated Bilirubin Levels 


Bile duct obstruction 


Gilbert syndrome 


Neonatal jaundice Hepatitis 
Hemolysis Cirrhosis 
Blood transfusion Medications/toxins 


Resorption of large hematoma Primary biliary cholangitis 


Shunt hyperbilirubinemia Primary sclerosing cholangitis 


Crigler-Najjar syndrome Total parenteral nutrition 


Ineffective erythropoiesis Sepsis 


Medications Postoperative jaundice 

Intrahepatic cholestasis of pregnancy 
Benign recurrent cholestasis 
Vanishing duct syndrome 
Dubin-Johnson syndrome 


Rotor syndrome 


discoloration observed in jaundice patients. More than 80% of 
bilirubin is derived from the breakdown of red blood cells in the 
mononuclear phagocyte (reticuloendothelial) system. The remain- 
ing bilirubin is derived from ineffective erythropoiesis in the bone 
marrow and other heme-containing proteins (hemoproteins), 
such as myoglobin, cytochrome, catalase, and endothelial nitric 
oxide synthase.”* 

Heme (iron protoporphyrin IX) belongs to the highly con- 
served superfamily of tetrapyrrolic compounds and serves as an 
oxygen-binding prosthetic group for the protein hemoglobin. 
After the breakdown of red blood cells, heme, which is released 
from hemoglobin, is metabolized within macrophages. Heme is 
converted to biliverdin by heme oxygenase and subsequently cata- 
lyzed to bilirubin by biliverdin reductase.’ In its unconjugated 
form, bilirubin is water insoluble and is transported bound to 
albumin. Bilirubin is transferred into hepatocytes by passive 
and active transport and conjugated with glucuronic acid in 
the endoplasmic reticulum to water-soluble bilirubin monoglu- 
curonides and diglucuronides. Conjugation is catalyzed by the 
enzyme uridine diphosphate glycosyltransferase (UGT), which is 
encoded by the gene UGTJAI, located on chromosome 2.”””° 
The excretion of conjugated bilirubin into bile is mediated 
by the adenosine triphosphate—dependent transporter multidrug 
resistance—associated protein 2 (MRP2; also known as canalicular 
multispecific organic anion transporter), which is expressed at the 
apical (canalicular) hepatocyte membrane. In the absence of apical 
MRP2, homologues of MRP2 are upregulated at the basolateral 
membrane, thereby facilitating the excretion of conjugated biliru- 
bin into sinusoidal blood. Even under physiologic conditions, a 
substantial amount of conjugated bilirubin is excreted across the 
sinusoidal membrane and subsequently taken up by hepatocytes. 
This action results in the intralobular transfer of conjugated 
bilirubin and other endogenous and exogenous substrates from 
the periportal to the centrilobular zone, thereby minimizing 
the concentrations of potentially toxic substrates in periportal 
hepatocytes. 
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Mutations in the UGTIA1 gene, which are transmitted as 
autosomal recessive traits, result in various degrees of UGT defi- 
ciency, which cause hereditary unconjugated hyperbilirubine- 
mia.°' The severest form is Crigler-Najjar syndrome type 1, which 
is associated with the near complete absence of UGT activity.” 
Crigler-Najjar syndrome type 1 presents in newborns with marked 
jaundice and kernicterus. Without treatment, it results in severe 
neurologic injury or death within the first 2 years of life. Although 
symptoms are mitigated by phototherapy, liver transplantation 
remains the definitive treatment. Crigler-Najjar syndome type 2 
is associated with a lesser degree of UGT deficiency and hyper- 
bilirubinemia and is rarely associated with kernicterus or death. 
The two types also differ in their response to phenobarbital, 
a UGT inducer, with no effect on bilirubin levels in Crigler- 
Najjar syndome type 1 (compared with significant reductions in 
Crigler-Najjar syndome type 2).® Another enzymatic cause of 
unconjugated hyperbilirubinemia is Gilbert syndrome, which 
results from reduced UGT activity to approximately 25% to 30% 
of normal levels.“ Gilbert syndrome affects up to 10% of the 
Caucasian population. Individuals with Gilbert syndrome present 
with isolated jaundice that is aggravated by intercurrent infec- 
tions, fasting, or specific medications. The levels of serum biliru- 
bin, largely unconjugated, are commonly elevated to slightly less 
than 5 mg/%. 

Dubin-Johnson syndrome and Rotor syndrome are examples 
of hereditary conjugated hyperbilirubinemia due to mutations 
in bilirubin excretory pathways. Dubin-Johnson syndrome devel- 
ops because of deficiency or absence of MRP2, which alters the 
transport of conjugated bilirubin and other anionic substrates, 
including antibiotics, chemotherapeutic agents, toxins, and heavy 
metals. Patients present in young adulthood with fluctuating 
hyperbilirubinemia and are otherwise asymptomatic. Bromsul- 
phalein clearance is normal at 45 minutes, followed by a delayed 
increase at 90 minutes; in contrast, a hepatobiliary iminodiacetic 
acid scan shows absent or late filling of the gallbladder. The 
liver appears dark on histologic examination because of lyso- 
somal accumulation of melanin-like pigment. Hyperbilirubi- 
nemia is exacerbated in pregnancy and with oral estrogen use. 
Rotor syndrome is characterized by mild, conjugated hyper- 
bilirubinemia without hepatic accumulation of dark pigment. 
Anionic substrates exhibit delayed excretion without later 
uptake. Rotor syndrome is associated with the complete absence 
of the organic anion—transporting polypeptides 1B1 and 1B3. 
Organic anion-transporting polypeptides are sinusoidal trans- 
porters that facilitate the sodium-independent uptake of organic 
anions.°° 

Conjugated hyperbilirubinemia is a hallmark of cholestasis and 
results in jaundice. Extrahepatic cholestasis results from the 
obstruction of the biliary tree, which is commonly due to cho- 
ledocholithiasis or a pancreatic or biliary neoplasm. Among young 
children the most common cause is biliary atresia. Intrahepatic 
cholestasis can result from sepsis or drug hepatotoxicity. In cho- 
lestasis the canalicular transportation of organic anions remains 
unaffected, whereas transporters at the basolateral membrane are 
downregulated. Reduced MRP2 expression is followed by the 
upregulation of MRP2 homologues at the basolateral membrane, 
which promotes the excretion of bilirubin into the bloodstream 
and may operate as a protective mechanism to minimize solute 
accumulation in hepatocytes. 

Moderately elevated serum bilirubin levels may be beneficial 
because bilirubin has strong antioxidant effects and acts against 
atherogenesis and cancer development.” 


Urinary Bilirubin and Urobilinogen 


Unconjugated hyperbilirubinemia occurs without an increase in 
urinary bilirubin levels because it is water insoluble and circulates 
bound to albumin. Jaundice is therefore termed acholuric because 
urine is not darkened. In contrast, dark urine is a prominent 
symptom of conjugated hyperbilirubinemia that results from 
urinary excretion of water-soluble bilirubin. Assessment of biliru- 
bin in urine may help identify bilirubinuria when the total serum 
bilirubin level is normal or only slightly elevated. In contrast, the 
absence of bilirubinuria, in patients with jaundice, may dictate 
that conjugated bilirubin is covalently bound to albumin, which 
often occurs during recovery from acute hepatitis. 

Conjugated bilirubin excreted in bile is metabolized to urobi- 
linogen by intestinal bacteria. Urobilinogen is primarily excreted 
in the feces; however, a small amount is absorbed via enterohe- 
patic circulation, extracted by the liver, and excreted in bile. Only 
a small amount of urobilinogen escapes hepatic uptake to be 
excreted in urine (<4 mg/day). Urinary urobilinogen levels are 
elevated when bilirubin is overproduced, as in hemolytic states, 
and are decreased during extrahepatic obstruction, when con- 
jugated bilirubin does not reach the gut. Hepatocellular dys- 
function results in impaired hepatobiliary urobilinogen excretion 
and mildly elevated levels of urinary urobilinogen. In practice, 
however, the detection and quantification of urinary urobilinogen 
provides no diagnostic information beyond that provided by stan- 


dard LFTs. 
Bile Acids 


Bile acids are a group of chemically similar molecules that have 
diverse physical and biologic properties. They facilitate the emul- 
sion and absorption of dietary fats and lipid-soluble vitamins. The 
secretion of bile salts into the canaliculi generates an osmotic 
gradient that promotes bile secretion. Bile salts form mixed 
micelles with biliary phospholipids, enabling the solubilization of 
cholesterol and other lipid-soluble compounds. This process pro- 
motes the emulsion and subsequent absorption of dietary fats and 
fat-soluble vitamins. Bile acids also facilitate intestinal calcium 
absorption and regulate pancreatic enzyme secretion and chole- 
cystokinin release. Bile acids function as signaling molecules 
through farnesoid X receptor, a specific nuclear receptor, and 
TGRS, a G protein-coupled bile acid receptor.”””' The activation 
of these receptors alters gene expression in multiple tissues, leading 
to changes not only in bile acid metabolism but also in glucose 
homeostasis, lipid and lipoprotein metabolism, energy expendi- 
ture, intestinal motility, bacterial growth, inflammation, and the 
liver-gut axis.” 

In humans the two primary bile acids are cholic acid and 
chenodeoxycholic acid. These acids are nearly completely conju- 
gated to either glycine (75%) or taurine (25%), which accounts 
for their water solubility. These conjugated bile acids are called 
bile salts. Bile acids are synthesized from cholesterol via either the 
classic pathway or the alternative pathway. The classic, or neutral, 
pathway is exclusive to the liver and results in the synthesis of 
the two primary bile acids. The sterol nucleus of cholesterol is 
modified through a series of enzymatic reactions. Cholesterol 
70.-hydroxylase (encoded by CYP7A1), a microsomal cytochrome 
P450 enzyme, is the rate-limiting enzyme of this pathway. 
The molecule is transported to peroxisomes, where the side chain 
is truncated by B-oxidation and subsequently conjugated to 
glycine or taurine. In the alternative, or acidic, pathway, the oxida- 
tion of the cholesterol side chain occurs first, resulting in acidic 
intermediates, followed by sterol ring modifications. This pathway 
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contributes to approximately 10% of the bile acid pool and pri- 
marily results in the formation of chenodeoxycholic acid. Bile acid 
synthesis is regulated by negative feedback from bile acids them- 
selves and is mediated by farnesoid X receptor. Cholesterol modu- 
lates its own conversion to bile acid by upregulating cholesterol 
7a-hydroxylase. Insulin (and drugs such as phenobarbital and 
rifampin) suppresses bile acid synthesis by inhibiting CYP7AJ 
transcription. 

Nearly 95% of bile acids are reabsorbed via active uptake at 
the apical membrane of intestinal cells, primarily in the ileum, 
and are carried back to the liver through portal blood and to a 
lesser extent the hepatic artery. The conjugated bile acids are taken 
up at the sinusoidal membrane in a sodium-dependent manner 
facilitated by sodium taurocholate cotransporter polypeptide.” 
This process results in the enterohepatic circulation of bile acids. 
A small fraction of bile acids escapes into the colon, where the 
bile acids are modified by bacterial flora to secondary bile acids: 
deoxycholic acid from cholic acid and lithocholic acid from che- 
nodeoxycholic acid. Some of these bile acids are deconjugated and 
returned to the liver via the portal vein. The rate-limiting step 
in overall bile acid transport is transfer across the hepatocyte 
canalicular membrane, which is mediated by the adenosine 
triphosphate-dependent bile salt export pump (encoded by 
ABCB11). The hydrophilicity of bile acids varies, with the natu- 
rally occurring ursodeoxycholic acid being the most soluble, fol- 
lowed by cholic acid, chenodeoxycholic acid, deoxycholic acid, 
and lithocholic acid. Liver injury can occur when a high propor- 
tion of strongly detergent (least hydrophilic) bile salts is perfused 
through the liver.”* The more detergent bile salts are unconjugated 
or glycine conjugated, whereas the lesser ones are taurine conju- 
gated and sulfated. A high proportion of bile salts is observed in 
several conditions of liver injury, including those characterized by 
enhanced intestinal bile salt biodegradation, such as chronic 
inflammatory bowel disease. A normally detergent bile salt pool 
may become hepatotoxic for liver cells that have been previously 
injured. Alternatively, increased sulfation, an increased proportion 
of taurine conjugates, and reduced formation of deoxycholic acid 
in liver cirrhosis could be regarded as protective mechanisms. Bile 
acid-induced hepatotoxicity can be prevented by enhancing tau- 
roconjugation, reducing the intestinal degradation of bile salts, or 
administering poorly detergent bile salts such as ursodeoxycholic 
acid.” 

Defects in bile acid synthesis account for 1% to 2% of chole- 
static disorders in children and are transmitted in an autosomal 
recessive pattern.’””° These disorders result in progressive cholesta- 
sis and neonatal hepatitis and can lead to liver failure. Defects in 
bile acid transport result in progressive familial intrahepatic cho- 
lestasis types 1-3. Progressive familial intrahepatic cholestasis type 
2 results from an ABCB11 mutation that impairs bile acid cana- 
licular secretion. Surgical resection of the small bowel, especially 
the ilium, disrupts the enterohepatic circulation of bile acids, 
resulting in their excess concentration in the colon, which mani- 
fests itself as diarrhea. 

Bile acid supplementation has therapeutic value in several con- 
ditions, such as primary biliary cholangitis (PBC), cholesterol 
cholelithiasis, and cholestasis, and the prevention of cholelithiasis 
and metabolic complications in patients undergoing bariatric 
surgery.” The Food and Drug Administration has also approved 
its use in mesotherapy to dissolve unwanted fat.” In addition, the 
FLINT trial” provided promising evidence for the efficacy of 
obeticholic acid, a farnesoid X receptor agonist, in improving the 
histologic features of nonalcoholic steatohepatitis (NASH). 
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Tests That Assess Hepatobiliary Injury 


Aminotransferases 


The aminotransferases (Table 7-2), ALT and AST, are the most 
frequently used indicators of hepatocyte injury and are markers of 
hepatocellular necrosis. Aminotransferases catalyze the transfer 
of O-amino groups of alanine and aspartate to the O-keto group 
of ketoglutaric acid, resulting in the formation of pyruvic acid and 
oxaloacetic acid, respectively. These enzymes play a role in gluco- 
neogenesis by facilitating the synthesis of glucose from noncarbo- 
hydrate sources. ALT is located entirely in the cytosol, whereas 
20% of the AST is in the cytosol and 80% is in the mitochondria. 
ALT is primarily expressed in the liver, whereas AST is present in 
a variety of tissues, including the liver, heart, skeletal muscles, 
kidney, brain, pancreas, lungs, leukocytes, and erythrocytes.”” 
AST levels are therefore elevated in cardiac and skeletal muscle 
diseases. Pyridoxal 5’-phosphate, the active form of pyridoxine 
(vitamin B,), acts as a cofactor for all transamination reactions. 


Causes of Elevated Serum 
Aminotransferase Levels 


Acute bile duct obstruction 


Bile duct obstruction 


Autoimmunity Autoimmune hepatitis 


Overlap syndrome 


Antituberculous medications 
Amiodarone 

Tamoxifen 

Antibiotics 

Statins 

Methotrexate 

NSAID 

HAART 

Valproic acid 


Medications 


Steatosis 

Steatohepatitis 
o.,-Antitrypsin deficiency 
Wilson disease 
Hemochromatosis 


Viral hepatitis A-E 
CMV 

EBV 

Herpes hepatitis 
Parvovirus B infection 


Metabolic diseases 


Viral hepatitis 


Vascular diseases Budd-Chiari syndrome 
Hepatic venous congestion 


Sinusoidal obstruction syndrome 


Nonhepatic diseases Hemolysis 

Myopathy 

Thyroid disease 

Strenuous exercise 

Sepsis 

Extrahepatic atypical infections 


Alcoholic liver disease 
Celiac disease 


Other diseases 


CMY, Cytomegalovirus; EBV, Epstein-Barr virus; HAART, highly active antiretroviral therapy, 
NSAID, nonsteroidal antiinflammatory drug. 
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Both ALT and AST are present in serum either as apoenzymes or 
as holoenzymes bound to pyridoxal 5’-phosphate. Rarely, isolated 
AST level elevation is due to a macroenzyme that is a complex 
of AST and immunoglobulins. It is important to recognize macro- 
AST to avoid unnecessary investigations and diagnostic delays. 

An investigation of a population at lowest risk for liver disease 
indicated that the healthy upper limit of serum ALT levels is 
30 IU/L for men and 20 IU/L for women.*' Serum ALT and AST 
levels are elevated in most liver diseases. The highest elevations are 
observed in acute viral hepatitis and toxic or ischemic liver injury. 
Although the degree of elevation may reflect the extent of hepa- 
tocellular necrosis, it is not correlated with outcome. One example 
is acetaminophen hepatotoxicity, which is associated with marked 
increases in serum ALT and AST levels; however, most patients 
achieve full recovery. Moderately elevated ALT and AST levels 
(3- to 20-fold of the upper normal limit) are observed in drug 
hepatotoxicity, autoimmune hepatitis (AIH), and acute and 
chronic viral hepatitis. Mild elevations (less than 3 times the upper 
normal limit) are observed in alcoholic steatohepatitis and NASH, 
drug hepatotoxicity, and chronic hepatitis C. Serum AST levels 
(and to a lesser extent) ALT levels may increase because of myositis 
or muscle injury. Patients with cirrhosis and cholestatic liver dis- 
eases may exhibit a mild increase in serum ALT and AST levels. 
Choledocholithiasis may be associated with a marked increase in 
serum ALT and AST levels soon after the obstruction develops, 
and they decline rapidly during the following 24 to 72 hours. 
Serum transaminase levels have been shown to be useful in screen- 
ing asymptomatic patients for liver disease. Abnormal levels may 
lead to the diagnosis of metabolic liver disease or nonhepatic 
diseases, such as Addison disease, hypothyroidism, and gluten- 
sensitive enteropathy. 

Serum aminotransferase levels are influenced by several factors, 
including age, body mass index (BMI), muscle mass, lifestyle, and 
lipid and carbohydrate metabolism.** ALT activity may be influ- 
enced by accelerated aging and frailty in older adults.*? Marked 
decreases in serum AST levels have been reported in patients 
undergoing long-term hemodialysis.’ Drinking coffee lowers 
serum levels of aminotransferases, as well as total protein and 
albumin levels.” Assessment of mitochondrial AST may aid in 
the diagnosis of alcohol abuse and sobriety monitoring.” A higher 
mitochondrial AST to total AST ratio has a sensitivity of 93% in 
patients with alcoholic liver disease and 100% in alcoholic patients 
without liver disease.” 


Alkaline Phosphatase 
APs (Table 7-3) are a family of well-conserved isoenzymes that are 
anchored on the outer layer of the cell membrane.” These enzymes 
act on substrates in the extracellular space at an optimum alkaline 
pH to catalyze the hydrolysis of phosphate esters. Four isoenzymes 
have been identified in humans: intestinal AP, placental AP, ger- 
minal AP, and tissue-nonspecific AP.” The intestinal, placental, 
and germinal isoenzymes are named after the tissue in which they 
are expressed and are encoded by the homologous genes ALPI, 
ALPP, and ALPPL2, respectively. Tissue-nonspecific AP is pri- 
marily expressed in the bone, liver, and kidney and is encoded by 
the ALPL gene. In the bone, tissue-nonspecific AP facilitates 
mineralization, and genetic deficiency of this enzyme causes a rare 
metabolic bone disease called hypophosphatasia.”’ The physiologic 
role of tissue-nonspecific AP in other organs has not been well 
defined. 

In healthy individuals most circulating AP originates from the 
liver or bone. In pregnant women, circulating placental AP is also 


Causes of Elevated Serum Alkaline 
Phosphatase and y-Glutamyltransferase Levels 


Choledocholithiasis 

Carcinoma of head of pancreas 
Cholangiocarcinoma 

External compression 


Bile duct obstruction 


Autoimmunity Primary biliary cholangitis 
Primary sclerosing cholangitis 
Autoimmune cholangitis 

Medications Tricyclic antidepressant 


Antiepileptics 

Oral contraceptives 
Allopurinol 

Antifungal 
Amoxicillin-clavulanate 
NSAID 

ACE inhibitors 
Anabolic steroids 


Sarcoidosis 

Tuberculosis 

Fungal infections 

Atypical infections 

Other granulomatous diseases 


Granulomatous hepatitis 


Infiltrative disorders Lymphoma 
of liver Leukemia 
Amyloidosis 


Hepatic malignancies Hepatocellular carcinoma 
Hepatic metastasis 


Other rare malignancies 


Other diseases Vanishing duct syndrome 

Benign recurrent cholestasis of pregnancy 
Congestive heart failure 

Chronic renal failure 

Ascending cholangitis 

Hepatitis 

Cirrhosis 

Extrahepatic sepsis 


ACE, Angiotensin-converting enzyme; NSAID, nonsteroidal antiinflammatory drug. 


observed. Mean serum AP levels vary with age. Serum AP levels 
are high during childhood and puberty (related to bone growth 
and development), decrease in middle age (higher in men than in 
women), and increase again in old age. Serum AP levels are posi- 
tively correlated with body weight and smoking levels and are 
inversely correlated with height. In most individuals with elevated 
AP levels, the enzyme originates in the liver. However, nearly 
one third exhibit no evidence of liver disease, and among hospital- 
ized patients, transient nonspecific elevation of AP levels is 
common. Bone is the next likely contributor to elevated AP levels, 
followed by placenta in pregnancy. The intestine and kidney are 
unlikely contributors to elevated serum AP levels. The highest AP 
levels in liver disease occur in patients with intrahepatic or extra- 
hepatic cholestasis. The degree of elevation does not assist in 
differentiating between these two types of cholestasis. Elevated 
levels in cholestasis are due to increased AP synthesis and not 
reduced excretion. Infiltrative liver disease, such as lymphoma, 
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granulomatous disorders, and amyloidosis, also cause elevated AP 
levels. Primary hepatic malignancy or metastasis to the liver may 
cause AP elevation either due to discrete biliary obstruction or 
due to more diffuse hepatic infiltration. Low AP levels are observed 
in Wilson disease, hypothyroidism, pernicious anemia, zinc defi- 
ciency, and hypophosphatasia. 


¥Glutamyl Transpeptidase 

GGTP catalyzes the transfer of the y-glutamyl peptide group, such 
as glutathione, to other amino acids (except for proline). GGTP is 
widely distributed in many tissues, including the liver, kidney, 
seminal vesicles, pancreas, spleen, heart, and brain. It functions in 
amino acid transport via the y-glutamyl cycle. GGTP has been local- 
ized in the entire hepatobiliary tree, from hepatocytes to the common 
bile duct, pancreatic acini, and ductules. The highest concentrations 
of GGTP are observed in the epithelial cells lining biliary ductules. 

Serum GGTP levels vary with age and sex; normal values are 
higher in men than in women and increase with age in adults. 
Serum GGTP levels are commonly increased in acute and chronic 
liver diseases and are also elevated in a variety of nonhepatobiliary 
diseases, including chronic alcoholism, pancreatic disorders, myo- 
cardial infarction, renal failure, chronic obstructive pulmonary 
disease, and diabetes, as well as by specific enzyme-inducing drugs. 
Smoking also increases serum GGTP levels and decreases serum 
protein and albumin levels independently of age, sex, regular 
medication, BMI, and coffee and alcohol consumption. 

In patients with liver disease, serum GGTP levels are well cor- 
related with serum AP levels. Serum GGTP is a sensitive indicator 
of hepatobiliary disease and the most sensitive indicator of biliary 
tract disease. However, in some forms of cholestatic syndromes 
presenting in infants and children, such as progressive familial 
intrahepatic cholestasis type 1 (Byler disease) and type 2, GGTP 
levels remain normal. Serum GGTP levels have been widely used 
as an index of liver disease and marker of high alcohol intake. 
Because it is not produced by bone, GGTP helps in differentiating 
between bone origin versus hepatic origin of an elevated AP level. 
Although GGTP level is a sensitive marker, its utility is limited 
by its poor specificity. 


Other Enzymes 

5’-Nucleotidase catalyzes the hydrolysis of nucleotides by releas- 
ing phosphate from the 5’-position of the pentose ring. 5’- 
Nucleotidase is present in the intestines, brain, heart, blood 
vessels, pancreas, and liver. In the liver, 5’-nucleotidase is primarily 
associated with canalicular and sinusoidal cell membranes. Ele- 
vated serum levels are generally hepatobiliary in origin despite the 
distribution of the enzyme in other body tissues. Serum levels of 
5’-nucleotidase are strongly correlated with serum AP levels and 
have relative specificity for liver disease. Serum 5’-nucleotidase 
levels can be used to confirm AP of hepatic origin. For example, 
in childhood and pregnancy, increased serum AP levels are 
observed, whereas 5’-nucleotidase levels remain normal. 

LDH is commonly included in liver biochemical panels but 
has poor diagnostic specificity for liver disease. Markedly increased 
LDH levels are observed in hepatocellular necrosis, shock liver, 
lymphoma, or hemolysis associated with liver disease. 


Tests That Assess Hepatic Synthetic Function 


Albumin 


Human albumin is a 67-kDa globular protein that is the principal 
component of circulating plasma proteins, constituting 50% of 
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the total pool.” Albumin is synthesized in hepatocytes and 
released into the bloodstream, where 30% to 40% remains. Most 
circulating albumin crosses capillary membranes into the intersti- 
tial space, where it returns to the circulation via lymphatics. 
Albumin is synthesized at a rate of 10 to 15 g/day in healthy 
individuals and has a half-life of 12 to 19 days. It carries a net 
negative charge because of its highly acidic amino acid content.” 
Albumin accounts for 75% of plasma oncotic pressure because of 
its high plasma content and negative charge, which attracts 
sodium and water. The negative charge also enables albumin to 
bind and carry an array of molecules, such as bilirubin, bile acids, 
hormones, anions, fatty acids, metals, drugs, and endotoxin. 
Albumin provides most extracellular antioxidant activity through 
an abundance of thiol groups, which are avid scavengers of oxida- 
tive and reactive species.” Albumin exhibits immunomodulatory 
activity, such as endotoxin binding and the inhibition of proin- 
flammatory pathways involving tumor necrosis factor (TNF)-o 
and nuclear factor KB. It stabilizes vascular endothelium and 
modulates vasodilation and platelet aggregation by binding to 
nitric acid.’ Thus hypoalbuminemia is often associated with 
increased vasodilation and platelet aggregation. 

Serum albumin levels reflect hepatic synthetic function and are 
therefore a component of the commonly used Child-Pugh staging 
system for cirrhosis. However, because of the relatively long half- 
life of albumin, serum levels are commonly normal in patients 
who present with acute liver failure. Hypoalbuminemia has several 
nonhepatic causes, such as nephrotic syndrome, severe malnutri- 
tion, malabsorption, and protein-losing enteropathy. Addition- 
ally, hypoalbuminemia may develop during pregnancy because of 
expanded intravascular volume. 


Prothrombin Time and International Normalized Ratio 


The coagulation cascade involves the sequential activation of a 
series of clotting factors. Most clotting factors are produced in the 
liver, whereas some are released from vascular endothelial cells. 
Coagulation follows either the intrinsic (contact activation) 
pathway or the extrinsic (tissue injury) pathway.” PT is used to 
evaluate the extrinsic pathway, which involves prothrombin, 
factors V, VII, and X, and fibrinogen. This test requires decalcified 
platelet-rich plasma, to which thromboplastin, phospholipid, and 
calcium chloride are added.” PT is defined as the time needed 
for a clot to form. Because of the differences in thromboplastin 
sensitivity, tissue origin, and the preparation method, the normal 
PT range varies. In 1983 the international sensitivity index was 
adopted to address these issues. The international sensitivity index 
indicates the potency of each thromboplastin by comparing it 
with a reference standard that is assigned a potency of 1.0. Each 
laboratory follows a standardized method to establish the refer- 
ence range for PT by testing healthy volunteers. The international 
normalized ratio standardizes PTs and is calculated as the ratio 
between the patient PT and the control PT.” 

Because PT depends on the activity of clotting factors synthe- 
sized in the liver, liver dysfunction may result in prolonged PT.” 
Therefore PT serves as an important indicator of liver disease 
severity and has been incorporated into several prognostic indices, 
such as the King’s College criteria for acute liver failure, Child- 
Pugh categorization of cirrhosis, and the Model for End-Stage 
Liver Disease, to allocate donor livers for patients requiring liver 
transplantation. However, PT can be influenced by factors other 
than hepatic dysfunction, such as vitamin K deficiency, dissemi- 
nated intravascular coagulation, and vitamin K antagonists such 
as warfarin. 
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Clinical Approach to Abnormal 
Liver Function Test Results 


Liver disease manifests itself with a wide variety of presentations. 
Most patients are asymptomatic in the early stages, even cirrhosis 
patients; liver abnormalities are identified as an incidental finding 
during biochemical testing or imaging performed for other reasons. 
Liver abnormalities are also identified via screening on the basis 
of risk factors for a particular disease. Hepatic decompensation, 
such as liver failure, ascites, or portal hypertension—related gastro- 
intestinal (GI) bleeding, may be the initial manifestation of 
chronic liver disease. With technologic advancements and the 
availability of automated analysis, an LFT panel is routinely per- 
formed, resulting in a higher number of asymptomatic LFT 
abnormalities, which pose significant diagnostic challenges. 


Epidemiology and Outcome of Liver 
Function Tests With Abnormal Results 


In the National Health and Nutrition Examination Survey 
(NHANES) 1999-2002 data, the prevalence of elevated ALT, 
AST, or either ALT or AST levels was 8.9%, 4.9%, and 9.8%, 
respectively, in the entire population and 7.3%, 3.6%, and 8.1%, 
respectively, after exclusion of participants who tested positive for 
hepatitis C virus (HCV) antibody or who reported excessive 
alcohol consumption. Strong predictors of elevated ALT activity 
included increased waist circumference and BMI, alcohol con- 
sumption, male sex, Mexican-American ethnicity, decreased age, 
and the presence of HCV antibodies.” A similar prevalence of 
abnormal LFT results was identified in European and Asian popu- 
lations.’ Overall, the prevalence of abnormal LFT results varies 
depending on the definition of abnormality. In a more recent 
(2015) meta-analysis of 37 studies, the prevalence of mildly 
abnormal LFT results with one or more abnormal components of 
the LFT was high (10% to 21.7%),'” and 70% to 84% of abnor- 
mal LFT results remained abnormal at retest 1 month later.'°*!™ 
In large population-based studies, a restricted panel consisting of 
ALT and AP has been proposed to screen and identify patients 
with liver disease.” The addition of GGTP does not improve the 
sensitivity of the screening panel. 

The prevalence of severe liver disease within the cohort with 
abnormal LFT results is relatively low (<5%), and a large propor- 
tion of abnormal LFT results remain unexplained.'”’ Less than 
5% of individuals with abnormal LFT results have a specific 
diagnosis of liver disease. ">! An ultrasound diagnosis of fatty 
liver was present in nearly 40% of patients with abnormal LFT 
results.'°*'” In a regression model, ALT was correlated with hepa- 
tocellular disease and AP was correlated with biliary disease and 
tumors of hepatic and biliary origin. In GI and hepatology 
specialty clinics, only a minority of patients (1% to 4%) have 
abnormal LFT results." In a prospective study evaluating abnor- 
mal LFT results in a specialty clinic, fatty deposition of greater 
than or equal to 5% was the most common abnormality and was 
observed in 56% of biopsies. Of those patients with fatty deposi- 
tion, 47% had bland steatosis, 36% met the histologic criteria for 
NASH, and the remaining 17% had alcoholic fatty liver disease. 
‘The prevalence of the different causes was as follows: nonalcoholic 
fatty liver disease (NAFLD)/NASH, 46%; viral hepatitis, 16%; 
alcoholic liver disease, 14%; AIH, 4%; 0t,-antitrypsin deficiency 
and hemochromatosis, 4%; and others, 5%. In 11% of the cohort, 
no histologic abnormalities were identified. Cirrhosis prevalence 
was 9%. Patients with NAFLD had a higher risk of death.'”” 


Prospective evaluation of chronically abnormal LFT results 
of unknown cause after thorough biochemical, serologic, and 
imaging testing indicated some degree of steatosis on the basis of 
liver histology with or without other findings in 90% of patients. 
Histologic examination in these patients revealed normal histo- 
logic findings (10%), steatosis (50%) steatohepatitis (32%), fibro- 
sis (4%), and cirrhosis (2%). No significant associations between 
histologic findings and obesity (p = 0.13), hyperlipidemia (p = 
0.4), or diabetes (p = 0.9) were observed. No significant associa- 
tions were observed when patients were classified by sex or 
symptoms.'”* However, in a meta-analysis of individuals with 
unexplained abnormal LFT results, risk factors for liver disease 
included obesity and insulin resistance.” In addition, normal 
LFT results do not rule out liver disease. 

Abnormal LFT results have also been evaluated as a prognostic 
marker for morbidity and mortality in a large cohort of more than 
95,000 individuals. Low albumin level was strongly associated 
with all-cause mortality [hazard ratio 2.65; 95% confidence inter- 
val (CI) 2.47 to 2.85 for mild decrease; hazard ratio 4.99; 95% 
CI 4.26 to 5.84 for severe decrease]. The sensitivity for predicting 
events during the subsequent 5 years was low, and specificity was 
high. The short-term models had overall C statistics of 0.85 and 
0.72 for liver disease outcomes at 3 months and 1 year, respec- 
tively, and 0.88 and 0.82 for all-cause mortality at 3 months and 
1 year, respectively. '°*'°?'° 


When and Whom to Evaluate Further 


Normal Reference Range and Definition 
of Abnormal Liver Enzyme Levels 


Several factors affect liver enzyme levels, including age, BMI, 
muscle mass, lifestyle, and lipid and carbohydrate metabolism. 
New reference ranges of aminotransferases have been proposed. In 
adults the updated upper limits [500 nkat/L (30 U/L) for males; 
317 nkat/L (19 U/L) for females] were lower than the current 
limits [667 nkat/L (40 U/L) for males; 500 nkat/L (30 U/L) for 
females]. The new reference range improved sensitivity from 55% 
to 76% at the expense of slightly reduced specificity (from 97% to 
88.5%) in identifying underlying acute or chronic liver disease. The 
higher sensitivity targets patients with minimal to mild histologic 
changes.*'''''’? In the pediatric population the proposed updated 
reference cutoffs, which represent the 95th percentile before 18 
months of age, were 60 U/L for boys and 55 U/L for girls; the 
cutoffs decreased to 40 U/L for boys and 35 U/L for girls after 18 
months of age.''’ The 95th percentile cutoffs for ALT in healthy 
nonobese, metabolically normal, liver disease-free, NHANES 
pediatric participants were 25.8 U/L for boys and 22.1 U/L for 
girls. The concordance statistics of these NHANES-derived thresh- 
olds for liver disease detection were 0.85 in boys and 0.91 in girls 
for NAFLD, 0.80 (95% CI 0.70 to 0.91) in boys and 0.79 (95% 
CI 0.69 to 0.89) in girls for hepatitis B virus (HBV), and 0.86 
(95% CI 0.77 to 0.95) in boys and 0.84 (95% CI 0.75 to 0.93) 
in girls for HCV. With current hospital ALT thresholds for chil- 
dren, the median sensitivity for the detection of NAFLD, HBV, 
and HCV ranged from 32% to 48%, and the median specificity 
was 92% for boys and 96% for girls. With the NHANES-derived 
thresholds, the sensitivities were 72% for boys and 82% for girls, 
and the specificities were 79% for boys and 85% for girls.'' 


Establishing Abnormal Results 


Intraindividual variation has been reported for AST, ALT, or bili- 
rubin levels; 14% to 30% of adults with elevated AST, ALT, or 
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bilirubin levels would be reclassified as normal at retest. Whether 
LFTs should be repeated before further testing to determine the 
cause remains debated. Conducting a definitive or specific test 
may be more efficient than repeating LFTs, with specific testing 
only if LFT results remain abnormal.'°>!°*! Patients with any 
degree of persistent abnormalities must be evaluated for underly- 
ing liver disease; however, the severity of abnormalities is only 
relevant in settings of drug-induced liver injury, which helps iden- 
tify clinically significant liver damage.''°''” 


Identification of Pattern of Abnormalities: 
A Clue to the Underlying Cause 


Several LFT patterns have been identified in clinical practice, 
including (1) elevated transaminase levels with or without ele- 
vated bilirubin levels; (2) elevated AP levels with or without 
elevated bilirubin levels; (3) a combination of elevated trans- 
aminase and AP levels with or without elevated bilirubin levels; 
(4) isolated elevated bilirubin levels; and (5) acute changes in a 
background of chronic LFT abnormalities. Lists of underlying 
causes based on abnormalities are given in Tables 7-1 to 7-3. In 
clinical practice, determining the duration of abnormalities is the 
first step in differential diagnoses because the causes may differ 
in acute and chronic (>6 months) LFT abnormalities (Table 7-4), 
followed by determination of abnormality patterns (Figs. 7-1 
and 7-2). 


WAE Causes of Abnormal Liver Function Test Results 
Based on Chronicity and Prevalence 


Common Common 
Ischemic hepatitis Viral hepatitis (HCV and HBV with and 
Systemic infections without HDV) 


DILI and TPN NAFLD and NASH 
Bile duct obstruction with Alcoholic liver disease 
or without cholangitis Autoimmune liver disease: AIH, PBC, PSC, 
and overlap syndromes 
Less Common DILI 


Viral hepatitis 
Autoimmune hepatitis 
Herbal medicines and 


Less Common 
Hereditary hemochromatosis 


toxins .,-Antitrypsin deficiency 
Vascular thrombosis Hepatic mass and metastatic liver disease 
Rare Herbal and OTC medications 


Chronic congestive hepatopathy 
Thyroid dysfunctions 
Celiac disease 


Wilson disease 
Ascending cholangitis 


Rare 


Granulomatous hepatitis 

Wilson disease 

Budd-Chiari syndrome 

Infiltrative disorders such as amyloidosis 
and leukemia lymphomas 

Sinusoidal obstruction syndrome 


AIH, Autoimmune hepatitis; DILI, drug-induced liver disease; HBV, hepatitis B virus; 
HCY, hepatitis C virus; HDV, hepatitis delta virus; NAFLD, nonalcoholic fatty liver disease; 
NASH, nonalcoholic steatohepatitis; OTC, over-the-counter; PBC, primary biliary cholangitis; 
PSC, primary sclerosing cholangitis; TPN, total parenteral nutrition. 


Management and Assessment of Liver Disease 


Cholestatic and Hepatocellular Injury 


If the LFT results are abnormal, identification of the duration and 
pattern of abnormalities, including hepatocellular injury, choles- 
tatic injury, and isolated hyperbilirubinemia, is important. "°? 
Hepatocellular injury is defined as aminotransferase levels elevated 
above normal limits. Cholestatic injury is defined as elevated AP 
levels above upper limits of normal in the presence of normal 
aminotransferase levels. If both serum aminotransferase and AP 
levels are elevated (mixed pattern), LFT abnormalities are charac- 
terized by the predominant abnormality. If serum aminotransfer- 
ase levels are 10-fold those of the upper limit of normal and the 
AP level is twofold that of the upper limit of normal, LFT abnor- 
malities are characterized as primarily hepatocellular. Conversely, 
if the serum AP level is fivefold the upper limit of normal and 
aminotransferase levels are less than fivefold greater than normal, 
the abnormalities are characterized as cholestatic or mixed. 
However, this distinction is not always possible. Elevated amino- 
transferase levels reflect hepatocellular injury, whereas cholestatic 
markers, such as AP and GGTP reflect an impaired transport of 
bile salts and bilirubin and intrahepatic or extrahepatic damage 
to bile ducts. Elevated bilirubin levels may be observed in both 
hepatocellular and cholestatic injuries and thus do not aid in 
differentiation. Cholestatic hepatitis is indicated if elevated ami- 
notransferase levels are associated with elevated bilirubin levels. 
Lists of the causes of elevated liver enzyme levels are given in 
Tables 7-1 to 7-4. 

In acute liver injury the degree of transaminase level elevations 
varies from minimal elevation to more than 50-fold the upper 
normal limit depending on the cause of the liver disease. In 
patients with acute alcoholic hepatitis, AST levels less than eight- 
fold the upper limit of normal and ALT levels less than fivefold 
increased are characteristic.''* In addition, these patients typically 
have an AST/ALT ratio greater than 2. Specificity to a diagnosis 
of alcoholic liver disease is higher if the ratio is greater than 3.''”'”° 
Acute viral hepatitis, AIH, or toxin-related hepatitis patients com- 
monly exhibit AST and ALT levels more than 25-fold increased. 
Ischemic hepatitis or hypoxic liver damage may present with AST 
and ALT levels more than 50-fold increased; additionally, LDH 
level is often markedly elevated. Characteristically, toxins and 
ischemia-induced injury result in a sudden increase in amino- 
transferase levels, followed by a rapid decrease during the follow- 
ing 24 to 48 hours. In contrast, in AIH and viral hepatitis, liver 
enzyme levels increase relatively slowly over a period of days (Fig. 
7-3). Poor prognosis is predicted if these severe biochemical 
abnormalities are associated with jaundice, coagulopathy, and 
hepatic encephalopathy. A rapid decrease in plasma AST and ALT 
levels together with an increase in plasma bilirubin concentrations 
and a prolongation of PT indicates a poor prognosis in patients 
with acute fulminant hepatitis." The fall in transaminase levels 
in association with a rising PT indicates that almost all of the 
hepatocytes are dead. 

In patients with chronic LFT abnormalities, no single charac- 
teristic pattern suggests a specific underlying type of liver disease. 
In patients with chronic viral (HBV and HCV) infections and 
NAFLD, LFT results may be abnormal or intermittently abnor- 
mal.''® Normal LFT results in these conditions does not rule out 
significant liver damage.''”'*? ALT is poorly correlated with the 
severity of NASH and hepatic fibrosis in patients with NAFLD.” 
In autoimmune liver diseases, such as AIH, PBC, and primary 
sclerosing cholangitis (PSC), liver enzyme levels remain consis- 
tently abnormal and correlate with disease activity. ^!” In AIH 
patients, ALT level elevation is categorized as mild [less than 
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H/O high-risk behavior: IDU, promiscuous Viral hepatitis 
sex, men who have sex with men, and H/O 4 CandB 
living in endemic zone (+HDV) 


1. Presence of features of MS (obesity, 
HTN, TG >150, low HDL and FBG 100) 


2. R/O drug-related injury | NAFLD/NASH 
3. R/O AIH 
4. Possibly elevated IgA 

; 1. Positive ANA or ASMA 

a 2. Elevated IgG levels IH AIH 

3. Liver histology c/w AIH 
1. H/O alcohol abuse ; 
2. Elevated MCV — pie 
3. AST/ALT >3 dioas 


Review H/O intake of methotrexate, amiodarone, 
nifedipine, cardizem, testosterone, steroids, | DILI 
estrogen, isoniazid, valproic acid, tamoxifen, 


z tetracyclin, minocin, HAART, or NSAIDs 
Chronic elevated 


liver enzymes 


H/O intake of morphine, phenytoin, 
: $ : DILI 
gabapentine, antifungal, and allopurinol 


Dilated bile ducts on ultrasound L | Biliary 
abdomen + ERCP obstruction 


: 1. Positive AMA 
Predominantl 

aes 2. Elevated IgM L PBC 

3. May have features of systemic sclerosis 


1. H/O IBD PSC 
2. Abnormal MRCP + ERCP 


Chronic 

H/O liver transplantation, DCD allograft, rejection, 

abnormal ERCP and histopathology | ischemic 
cholangiopathy 


e Fig. 7-1 Establishing the final diagnosis in patients with chronically elevated liver enzyme levels 
with and without elevated bilirubin levels. AIH, Autoimmune hepatitis; ALT, alanine aminotransferase; 
AMA, antimitochondrial antibody; ANA, antinuclear antibody; AR alkaline phosphatase; ASMA, anti- 
smooth muscle antibody; AST, aspartate aminotransferase; c/w, consistent with; DCD, donation after 
cardiac death; DILI, drug-induced liver disease; ERCP. endoscopic retrograde cholangiopancreatography; 
FBG, fasting blood glucose; HAART, highly active antiretroviral therapy; HDL, high density lipoprotein; 
HTN, hypertension; /DU, intravenous drug use; H/O, history of; HDV, hepatitis delta virus; /g, immu- 
noglobulin; MCV, mean corpuscular volume; MS, metabolic syndrome; MRCP magnetic retrograde 
cholangiopancreatography; NAFLD, nonalcoholic fatty liver disease; NASH, nonalcoholic steatohepatitis; 
NSAIDs, nonsteroidal antiinflammatory drugs; PBC, primary biliary cholangitis; PSC, primary sclerosing 
cholangitis; R/O, rule out; TG, triglycerides. 
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Predominantly 
AST and ALT 


Acutely elevated 
liver enzymes 


: : Ischemic 
H/O hypotensive episode, acute CHF — hepatitis 
H/O high-risk behavior: IDU, promiscuous Acute viral 
sex, men who have sex with men; H/O t— hepatitis: 
living in endemic zone; H/O GI symptoms A, B, C and E 
Systemic 
H/O concurrent presence of pneumonia viral and 
(EBV, mycoplasma), diarrhea, rash, etc. bacterial 
infections 
1. Positive ANA or ASMA 
2. Elevated IgG — AlH 
3. Liver histology c/w AIH 
1. H/O alcohol abuse 
2. Elevated MCV and WBC J Alcohol 
3. AST/ALT >3 hepatitis 
4. Prolonged INR and bilirubin 
H/O recent intake or change of medications: 
Tylenol, NSAID, antibiotics, OTC, herbs, muscle- ~ DILI 
building supplements; H/O rash 
H/O intake of morphine, phenytoin, L_| 
: F : DILI 
gabapentine, antifungal, and allopurinol 
H/O bdominal pain, and fever; dilated bil piliary 
acute abdominal pain, and fever; dilated bile |] obstruction 


ducts on ultrasound abdomen, CBD stone 


with cholangitis 


Predominantly 
AP 


H/O acute abdominal pain, fever, high 


WBC, GB stones, normal duct, and L Acute 
abnormal HIDA cholecystitis 
i Cholestasis 
H/O sepsis and SIRS Hi ises 
i i CMV 
H/O liver transplantation erat ee 


e Fig. 7-2 Establishing the final diagnosis in patients with acutely elevated liver enzyme levels with 
and without elevated bilirubin levels. A/H, Autoimmune hepatitis; ALT, alanine aminotransferase; ANA, 
antinuclear antibody; AP alkaline phosphatase; ASMA, anti-smooth muscle antibody; AST, aspartate 
aminotransferase; CBD, common bile duct; CHF, congestive heart failure; CMV, cytomegalovirus; cw, 
consistent with; DILI, drug-induced liver disease; EBV, Epstein-Barr virus; H/O, history of; GB, gallbladder: 
GI, gastrointestinal; HIDA, hepatobiliary iminodiacetic acid; IDU, intravenous drug use; /g, immunoglobulin; 
INR, international normalized ratio; MCV, mean corpuscular volume; NSAID, nonsteroidal antiinflammatory 
drug; OTC, over-the-counter medications; S/RS, systemic inflammatory response syndrome; WBC, white 
blood cell. 
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e Fig. 7-3 Patterns of alanine aminotransferase (ALT) abnormalities. 


threefold higher than normal (or less than 100 U/L)], moderate 
[3- to 10-fold higher than normal (or 100 to 400 U/L)], or severe 
[more than 10-fold higher than normal (or more than 400 U/L)].'” 
The reliability of aminotransferases in assessing chronic hepatitis 
grade requires further evaluation. The levels of other serum 
enzymes, such as AP and GGTP, are usually normal or minimally 
increased in patients with AIH, except during severe exacerbations 
or when cirrhosis is present. Similarly, indices of liver function, 
such as serum bilirubin and albumin and PT, are generally normal 
unless the disease is severe or advanced. The concurrent elevation 
of AP levels may also indicate overlap with either PBC or PSC.'*** 
In a large patient series, bilirubin levels were elevated in approxi- 
mately 40% of PSC cases. This elevation may be transiently 
caused by cholangitis, biliary calculi, or dominant strictures. Only 
15% of PSC patients exhibited persistent elevations of bilirubin 
levels (>3 months).'°'”’ Typically, bilirubin levels gradually 
increase at the end of the disease course (reflecting advanced liver 
disease) and are accompanied by prolonged PT and low albumin 
levels.” 


Jaundice 


Normal levels of total bilirubin in serum or plasma range from 3 
to 15 Umol/L (0.18 to 0.8 mg/dL) and are significantly higher in 
men than in women. As previously indicated, hyperbilirubinemia 
is classified as either predominantly unconjugated (indirect reac- 
tion to diazo reagent) or predominantly conjugated (direct reac- 
tion to diazo reagent) (see Table 7-1). The fraction of directly 
reacting bilirubin covalently bound to albumin (albumin-bound 
bilirubin) is called delta bilirubin.” Delta bilirubin is measured in 
serum via high-performance liquid chromatography. Albumin- 
bound bilirubin accounts for an important fraction (8% to 90%) 
of the total bilirubin in patients with hepatocellular and choles- 
tatic jaundice, as well as in patients with Dubin-Johnson syn- 
drome. Albumin-bound bilirubin is observed in serum when 
hepatic excretion of conjugated bilirubin is impaired. Albumin- 
bound bilirubin becomes a larger component of serum bilirubin 
as jaundice subsides, thereby delaying the resolution of this dis- 
order and causing bilirubin to persist in plasma after disappearing 
from the urine. 

Total bilirubin levels between 17 and 70 [mol/L (1 to 5 mg/ 
dL), indicating unconjugated hyperbilirubinemia, may result 
from increased bilirubin production, the impaired transport of 


bilirubin into hepatocytes, or defective bilirubin conjugation in 
hepatocytes. Even in cases of severe hemolysis, total serum biliru- 
bin levels are rarely higher than 70 Umol/L (5 mg/dL) in the 
presence of normal liver function. Serum bilirubin levels higher 
than 70 Umol/L (5 mg/dL) or bilirubin levels between 17 and 
70 [mol/L (1 to 5 mg/dL) in association with other LFT abnor- 
malities commonly indicate the presence of liver disease. In these 
cases, at least 50% of serum bilirubin is conjugated. Conjugated 
hyperbilirubinemia results from impaired intrahepatic bilirubin 
excretion or extrahepatic obstruction. However, because of con- 
tinued urinary excretion, maximum serum bilirubin levels plateau 
at approximately 500 mol/L (30 mg/dL) even with complete 
bile duct obstruction. Extreme hyperbilirubinemia, with levels 
higher than 500 Umol/L (30 mg/dL), commonly indicates severe 
parenchymal liver disease in association with hemolysis (as in 
sickle cell anemia) or renal failure. 

Jaundice or hyperbilirubinemia with or without other liver 
enzyme abnormalities, when present, has prognostic significance 
for both acute and chronic liver disease.” Elevated amino- 
transferase levels with elevated bilirubin levels is termed cholestatic 
hepatitis. This state indicates severe disease, as observed in acute 
and chronic forms of viral hepatitis, autoimmune diseases, alco- 
holic liver disease, drug-induced liver disease, etc. Similarly, the 
presence of jaundice in addition to elevated AP levels indicates 
(1) disease severity and (2) that the AP abnormality is of hepatic 
origin. Bilirubin is a validated prognostic factor in end-stage liver 
disease, together with PT and creatinine, and is widely used to 
prioritize liver transplantation candidates, assess risk in cirrhotic 
patients undergoing elective or emergent surgery, and assess the 
timing of procedures such as transjugular portosystemic shunt and 
locoregional therapies for hepatocellular carcinoma.” An increase 
in bilirubin levels in patients with drug-induced liver disease is a 
poor prognostic finding (Hy’s rule). Total bilirubin in conjunction 
with liver enzymes and other biomarkers is used as a noninvasive 
biochemical panel of hepatic fibrosis (discussed later). Isolated 
chronic hyperbilirubinemia commonly indicates hereditary disor- 
ders of bilirubin metabolism (as discussed previously; see Table 
7-4) that are commonly benign. Indirect hyperbilirubinemia of 
hemolysis can be acute or chronic depending on the underlying 
hematologic disease; the chronic form is associated with an 
increased risk of cholelithiasis. Isolated acute direct hyperbilirubi- 
nemia is observed in patients with endotoxin-mediated sepsis 
syndrome and after nonhepatic surgery (postsurgical jaundice); 
however, acute direct hyperbilirubinemia is substantially more 
pronounced in patients with underlying chronic liver disease. 


Acute-on-Chronic Liver Function Test Abnormalities 

Patients with chronic LFT abnormalities may develop acute 
changes in LFT results, indicating an acute insult. An acute 
insult may present as a worsening of existing LFT abnormali- 
ties or the addition of new LFT abnormalities, such as increased 
bilirubin levels and PT, along with decreased albumin levels. In 
a meta-analysis of 118 studies of acute-on-chronic liver disease, 
aminotransferases and AP did not exhibit diagnostic or prognostic 
significance.'*’ However, liver enzyme levels were more elevated in 
patients with acute insults presenting with liver failure compared 
with those without liver failure (ALT 72 U/mL vs. 54 U/mL, 
AST 98 IU/L vs. 90 IU/L). The acute insult may occur at any 
time during the course of chronic liver disease and does not repre- 
sent a terminal event. Prognosis depends on the degree of change 
in bilirubin levels and PT in the presence of other features, such 
as ascites, hepatic encephalopathy, GI bleeding, and other organ 
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failure.'’' Because of their prognostic significance, acute changes 
may be categorized as acute deterioration without liver failure or 
acute deterioration with liver failure.'*'’” In Asia the following 
definition has been suggested for acute-on-chronic liver failure: 
acute hepatic insult manifesting itself as jaundice (serum bilirubin 
level 5 mg/dL or greater) and coagulopathy (international nor- 
malized ratio of 1.5 or greater) complicated within 4 weeks by 
ascites and/or encephalopathy in a patient with previously diag- 
nosed or undiagnosed chronic liver disease.'** In Europe and the 
United States, experts have proposed defining acute-on-chronic 
liver failure as an acute deterioration of liver function in patients 
with cirrhosis, which is commonly associated with a precipitating 
event and results in the failure of one or more organs and high 
short-term mortality rates.” The cause of acute deterioration 
can be categorized as acute flare of chronic disease or acute injury 
independent of underlying chronic disease. The following chronic 
liver diseases may present with an acute flare: AIH, alcoholic 
hepatitis, HBV infection, PSC, and Wilson disease. 2*7 HCV 
and hepatitis E may present with acute abnormalities and persist 
as chronic illness'** but are not known to exhibit acute flares. In 
other cases, the acute change is most commonly due to extrahe- 
patic bacterial infection (approximately one third of patients), 
followed by alcohol consumption. Other precipitants include GI 
hemorrhage, major surgery, transjugular portosystemic shunt, and 
large-volume paracentesis without albumin infusion.'”” The pre- 
cipitating factor remains unknown in most patients (nearly 60%). 
Drug toxicity has not been well studied as a precipitating factor. 
According to experts, drug-induced hepatotoxicity may be poorly 
tolerated by patients with cirrhosis; hence potential hepatotoxins 
should be avoided in patients with cirrhosis.'“°'*! 


Liver Function Test Results and Severity 
of Liver Injury: An Association 


As mentioned previously, the presence of hyperbilirubinemia, 
coagulopathy, and hypoalbuminemia is an excellent measure of 
hepatic function and prognosis and indicates liver failure, which 
may be acute, subacute, or chronic. However, these factors do not 
indicate underlying fibrosis. None of the individual tests in the 
LFT panel are sufficiently sensitive or specific to estimate and 
assess hepatic fibrosis. Even a liver biopsy, which is considered the 
gold standard, has a 25% chance of sampling error, potentially 
resulting in inaccurate fibrosis assessment. “> Presently, no test 
has 100% sensitivity and specificity to estimate or assess hepatic 
fibrosis. Therefore all clinical, biochemical, and radiologic data 
must be considered when one is assessing hepatic fibrosis. Health 
authorities in some countries have approved and validated bio- 
markers as a first-line test for staging liver fibrosis. “1 


Estimation of Fibrosis Based on Mathematical Scores 
Several scoring models have been investigated, and four are of 
clinical value: the AST/ALT ratio, the AST to platelet ratio index 
(APRI), the NAFLD fibrosis score, and the fibrosis-4 score. These 
four models and others (Bonacini cirrhosis discriminant score, 
Lok index, and NASH Clinical Research Network scoring system) 
have used bilirubin, AST, and ALT to establish a predictive score 
for hepatic fibrosis. Among the biochemical models studied, the 
fibrosis-4 score was shown to have the highest predictive value, 
with a C statistic of 0.81.16 

In patients with cirrhosis, independent of the cause, the AST/ 
ALT ratio is commonly greater than 1 but less than 2, and the 
absolute AST and ALT values are commonly within the normal 
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range. The sensitivity, specificity, negative predictive value, and 
positive predictive value are 100%, 53%, 100%, and 80%, 
respectively.'*”'“* In patients with chronic liver disease, a platelet 
count of less of than 100,000/mm‘ is indicative of cirrhosis, with 
a sensitivity and specificity of 38% and 96%, respectively, and a 
positive predictive value of 92%.'“”'”? However, the receiver oper- 
ating characteristic (ROC) curve of low platelet counts is not a 
good test for identifying cirrhosis (0.2).'*° The sensitivity of a low 
platelet count for detecting significant fibrosis increases if it is used 
in conjunction with AST level by calculating the APRI. The APRI 
is calculated as follows: APRI = [AST level elevation (AST/upper 
limit of normal of laboratory reference)/platelet count] x 100. The 
use of the APRI to predict cirrhosis has been studied in patients 
with HCV, human immunodeficiency virus (HIV) and HCV 
coinfection, NAFLD, and alcoholic liver disease.’?''’* A meta- 
analysis of 40 studies indicated that an APRI cutoff of 0.7 had a 
sensitivity of 77% and specificity of 72% in predicting significant 
fibrosis (F2-F4).'”’ To predict cirrhosis (F4), an APRI cutoff of 
1.0 had a sensitivity of 76% and specificity of 72%. However, 
accuracy was lower in patients coinfected with HIV and HCV.'” 
Thus the APRI appears to be most useful for excluding significant 
fibrosis in patients with chronic HCV. The area under the ROC 
curve was 0.80 for predicting adverse liver-related outcomes and 
0.63 for predicting death or liver transplantation in patients with 
NAFLD." The NAFLD fibrosis score is specific to NAFLD and 
considers the patient’s age, BMI, diabetes mellitus status, amino- 
transferase levels, platelet count, and albumin level. This simple 
mathematical scoring system accurately differentiates patients 
with NAFLD into those with or without advanced fibrosis. A high 
NAFLD fibrosis cutoff (>0.676) was associated with a positive 
predictive value of 82% for advanced fibrosis (F3-F4) (sensitivity, 
43%; specificity, 96%), and a low cutoff (<—1.455) was associated 
with a negative predictive value of 88% (sensitivity, 77%; specific- 
ity 71%).'°' The area under the ROC curve was 0.88 and 0.82 in 
the estimation and validation groups, respectively. In addition to 
the value of the NAFLD fibrosis score in identifying significant 
hepatic fibrosis, higher NAFLD fibrosis scores were also associated 
with increased long-term overall mortality, need for liver trans- 
plantation, and liver-related events. The area under the ROC 
curve was 0.86 for predicting adverse liver-related outcomes and 
0.70 for predicting death or liver transplantation.’ More 
recently, a modified NAFLD score was investigated and validated 
in a large cohort. The modification was designed to identify 
NASH patients at greater risk of progressive disease. Another 
modified version assessed hepatic fibrosis in NAFLD patients 
more accurately than the NAFLD score. The NASH model 
included white ethnicity, BMI, waist circumference, ALT level, 
AST level, albumin level, hemoglobin A. level, homeostasis 
model assessment—estimated insulin resistance, and ferritin level. 
It was used to accurately predict NASH with an area under the 
ROC curve of 0.80 (95% CI 0.75 to 0.84, p = 0.007). The speci- 
ficity, sensitivity, negative predictive value, and positive predictive 
value were 90.0%, 56.8%, 47.7%, and 93.2%, respectively, and 
the model correctly classified 67% of the patients as having 
NASH. The model for predicting advanced fibrosis included age, 
Hispanic ethnicity, BMI, waist-to-hip ratio, hypertension, ALT/ 
AST ratio, AP level, isolated abnormal AP level, bilirubin (total 
and direct) level, globulin level, albumin level, serum insulin level, 
hematocrit, international normalized ratio, and platelet count. 
The model had an area under the ROC curve of 0.80 (95% CI 
0.76 to 0.85, p < 0.001). The specificity, sensitivity, negative 
predictive value, and positive predictive value were 90.0%, 57%, 
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75.1%, and 80.2%, respectively, and the model correctly classified 
76.6% of the patients as having advanced fibrosis. 


Noninvasive Biomarkers of Fibrosis 

Isolated Biomarkers 

The mechanism and factors involved in hepatic fibrosis have been 
a topic of research for decades. Several markers have been shown 
to play a role in hepatic fibrosis, including hyaluronic acid, 
collagen, metalloproteinase, cytokines, and cytokine receptors 
(TNF-R55, TNF-R75, TNF-a, transforming growth factor , 
transforming growth factor B, platelet-derived growth factor, and 
serum interleukin-10 and interleukin-2 receptors).'°*'”” None of 
these markers have clinical utility. In a review of 66 studies on 
assessments to predict biopsy findings, Gebo et al.” concluded 
that panels of markers may exhibit the greatest value in predicting 
the presence of minimal fibrosis or cirrhosis. Serum ALT was the 
most commonly investigated marker, with a sensitivity ranging 
from 61% to 71%. Its diagnostic value was lower than that of a 
combination of markers.” Among extracellular matrix tests, hyal- 
uronic acid was best correlated with overall fibrosis stage; however, 
this association has been demonstrated only for extensive fibro- 
sis.” Markers of extracellular matrix degradation, such as tissue 
inhibitors of metalloproteinases 1-4, were less predictive than hyal- 
uronic acid.” Cytokines and cytokine receptors, including TNFs, 
were associated with fibrosis but were less predictive than panel 
tests. TNF-O was associated with hepatic inflammation but not 
fibrosis.” Other factors have been investigated, including glu- 
tathione, O-fetoprotein, PT, pseudocholinesterase, manganese 
superoxide dismutase, B-/V-galactosidase, 0,-macroglobin, hapto- 
globin, B-globulin, albumin, GGTP, bilirubin, apolipoprotein A1, 
LDH, AST, AP, white blood cell count, platelet count, creatinine, 
total bile acids, and immunoglobulin G. In isolation, these markers 
were less useful than the marker panel. >° 


Fibrosis Biomarker Panels 
Panels of markers have greater accuracy than do isolated markers 
for the diagnosis of advanced fibrosis (bridging fibrosis) or 
cirrhosis.” Several overviews and meta-analyses have summa- 
rized the advantages and limits of the available combinations of 
liver fibrosis biomarkers. Among 2237 references, 14 validated 
serum biomarkers were identified between 1991 and 2008.'” Five 
panels were patented: FibroTest, FIBROSpect II, Enhanced Liver 
Fibrosis, FibroMeter, and Hepascore. One study found that serum 
protein -glycans profiles had a similar area under the ROC curve 
to FibroTest for diagnosing compensated cirrhosis. '®° 

FibroTest was the most commonly evaluated panel.'*°'*' A 
total of 38 different populations including 7985 subjects have 
been studied with both FibroTest and biopsy (4600 HCV, 1580 
HBV, 267 NAFLD, 524 ALD, and 1014 mixed). The mean 
diagnostic value for the diagnosis of advanced fibrosis assessed by 
standardized area under the ROC curve was 0.84 (95% CI 0.83 
to 0.86), without significant differences between the causes of liver 
disease, hepatitis C, hepatitis B, alcoholic disease, or NALFD. 
Three studies demonstrated similar prognostic values for FibroTest 
compared with liver biopsy for predicting death and liver-related 
death in patients with chronic hepatitis C and B and alcoholic 
liver disease. Four other panels have been studied but less exten- 
sively than FibroTest. Four published studies including 463 
patients have investigated FIBROSpect II. Two studies including 
1041 patients have investigated Enhanced Liver Fibrosis. Three 
studies including 1134 patients have assessed FibroMeter. Three 
studies including 757 patients have investigated Hepascore. Their 


mean areas under the ROC curve were similar to those observed 
for FibroTest and FibroScan (Table 7-5).'*' Tests that predict 
hepatic fibrosis with likelihood ratios between 5 and 10 (generally 
classified as moderately useful) at commonly used cutoffs include 
platelet count, age—platelet index, APRI, FibroIndex, FibroTest, 
and the Forns index. Tests that predict hepatic cirrhosis with posi- 
tive likelihood ratios between 5 and 10 include platelet count, 
age—platelet index, APRI, and Hepascore.'* Only FibroIndex and 
FibroTest were associated with negative likelihood ratios for fibro- 
sis in the moderately useful range (0.10 to 0.20) at commonly 
used cutoffs, suggesting that blood tests may be somewhat more 
useful for ruling in rather than ruling out fibrosis. Few studies 
have directly compared fibrosis serum biomarkers.’ In direct 
comparisons based on the area under the ROC curve, the APRI 
performed only slightly worse than Fibro Test at diagnosing fibro- 
sis, and the tests did not differ for cirrhosis. APRI performed 
substantially better than the AST/ALT ratio for diagnosing fibro- 
sis and cirrhosis and moderately better than platelet count for 
diagnosing fibrosis. Differences between the APRI or FibroTest 
and other blood tests were relatively small, particularly for cir- 
rhosis, suggesting that simple indices based on a small number of 
commonly available blood tests and straightforward calculations, 
such as the age—platelet index (based on age and platelet count) 
and APRI (based on AST levels and platelet count) may perform 
similarly to measures based on more blood tests, including indices 
requiring tests not routinely performed or involving proprietary 
formulas or panels of tests.'*''*? Currently, noninvasive markers 
are used as an alternative to liver biopsy to assess the degree of 
fibrosis in many patients.'*? However, we lack information on 
serial changes in these tests and their utility in showing progres- 
sion or regression of hepatic fibrosis. 


Correlations Between Liver Function 
Test Results and Clinical Features 


In recent years associations between abnormal LFT results and 
clinical symptoms, signs, radiologic imaging, and histologic find- 
ings have been reported.'**'*’ Conflicting reports have described 
the relationship between abnormal LFT results and clinical symp- 
toms. In patients with abnormal LFT results of unknown cause, 
no significant associations with symptoms have been observed. °° 
In addition, the presence of symptoms is not associated with the 
cause or the severity of underlying liver damage. No LFT is associ- 
ated with clinical signs; however, when evaluated in a model, LFTs 
tend to be related to clinical signs, which are usually referred to 
as signs/stigmata of chronic liver disease.\*° Generally, at fibrosis 
stage FO-F1 (Meta-analysis of Histologic Data in Viral Hepatitis 
score), skin changes are infrequent; skin changes become frequent 
at fibrosis stage F2 and more frequent at fibrosis stage F3-F4. The 
ROC exhibited good discrimination of fibrosis stage F3-F4 from 
fibrosis stage FO-F1, with a sensitivity of 85% and specificity of 
90%. When clinical signs are combined with laboratory param- 
eters, sensitivity and specificity improve to 90% (Fig. 7-4). Few 
studies have assessed abdominal imaging studies for the com- 
monly used indicators of chronically abnormal LFT results in 
outpatient settings. In a small prospective study of 83 patients 
with persistent elevation (>6 months) of aminotransferase levels, 
65% of ultrasonograms provided a pathologic explanation. In 
jaundiced patients, hepatic imaging provided a diagnosis in 52% 
to 69% and 94% to 97% of patients with a low and high pretest 
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03 —— Cutaneous signs + laboratory tests 
— APRI + cutaneous signs 

0.2 — Cutaneous signs only 
—— Laboratory tests only 
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1 — Specificity 
e Fig. 7-4 Value of cutaneous signs of chronic liver disease to assess 


severe fibrosis and cirrhosis. ARPI, Aspartate aminotransferase to plate- 
let ratio index. 


Patients With Abnormal Liver Function 
Test Results: What to Ask and Assess 


Obtaining a medical history is the first and most important step 
in evaluating abnormal LFT results and liver disease. First, when 
LFT results are abnormal, the duration of abnormalities must 
be ascertained. The patient may or may not be aware of the 
abnormalities. Obtaining and reviewing all prior records will 
help establish the nature, pattern, and duration of abnormalities. 
Additionally, assessment of prior records will provide information 
on the previous diagnostic workup and assist one in making 
the differential diagnosis. Patients must be interviewed to collect 
information firsthand, and prior data should be confirmed with 
patients. The goal of taking a history is to narrow the differential 
diagnosis and plan treatment. The medical history should focus 
on (1) the mode of symptom presentation, (2) risk factors 
associated with liver disease, (3) assessment of social life and fea- 
tures affecting quality of life and work and psychologic functions, 
(4) features to determine the extent or extrahepatic involve- 
ment of the disease, and (5) mechanical and functional liver 
complications. 

The mode of presentation, or how the abnormal LFT result 
was identified, is especially important in acute settings to deter- 
mine cause and effect relationships. The reasons for hospitaliza- 
tion depend on the cause of abnormal LFT results or their severity 
or associated symptoms (i.e., nausea and vomiting). Possibilities 
include (1) primary liver problems, (2) part of a systemic illness, 
(3) the result of another clinical problem, and (4) the result of 
treatment for the presenting problem. Thus information about 
the events before, during, and after the identification of acute or 
chronic liver problems is essential to making a correct diagnosis. 
In particular, the reasons for, onset of, and duration of diagnostic 
and therapeutic procedures/surgical procedures, infections, anti- 
biotics use, hypotensive episodes, and all other medications during 
acute illness should be noted. A telephone interview with the 


primary physician (gastroenterologist/hepatologist) to obtain rel- 
evant information, especially the underlying cause, stage, and 
treatment of primary chronic liver disease, will help establish the 
chronology of events and guide further treatment. 

A meticulous review of risk factors for both acute and chronic 
liver disease should be conducted for the final diagnosis. The pres- 
ence of multiple risk factors is common. A thorough review of 
medical and surgical history, including medical problems and 
their treatment, commonly reveals recent and past medications 
that could have contributed to LFT abnormalities or liver disease. 
Notably, the history of rheumatologic diseases and their treatment 
should be obtained; autoimmune liver diseases are commonly 
associated with systemic autoimmune or other autoimmune organ 
dysfunction.'*” PBC is strongly associated with systemic sclerosis, 
Raynaud phenomenon, idiopathic interstitial lung disease, and GI 
manifestations such as dysphagia and gastroesophageal reflux 
disease.'””'?' Methotrexate is associated with dose-dependent 
drug-induced steatohepatitis and cirrhosis.” Sjögren syndrome 
and autoimmune thyroid disease are associated with AIH; the 
presence of antithyroid, anti-SSA, and anti-SSB antibodies indi- 
cates Sjögren syndrome.” Rheumatoid arthritis is also associated 
with AIH; both conditions share HLA haplotypes.” GI disor- 
ders, such as a history of irritable bowel syndrome and celiac 
disease, suggest an association with PSC and AIH, respectively. °? 
Patients with celiac disease may present with a benign elevation 
of aminotransferase levels without any histologic disease; these 
patients commonly have a concurrent presentation of intermittent 
abdominal pain and iron-deficiency anemia.” Identification of a 
history of psoriasis may indicate the concurrent presence of AIH 
or treatment of psoriasis with immunosuppression.'”*”’ Both 
acute and chronic kidney injury are manifestations of HBV or 
HCV infection, which may result from immune complex deposi- 
tion in the kidney, cryobulinemia, vasculitis, or anti-HBV 
therapy.”°'*” In addition, patients with viral hepatitis may mani- 
fest autoimmune features.” 

A relatively new onset of acute kidney injury in the presence 
of ascites may indicate type 1 or type 2 hepatorenal syndrome.”” 
Patients receiving hemodialysis are particularly at risk of acquiring 
HCV and HBV; any LFT abnormalities in this patient population 
warrant screening of patients for viral hepatitis, even if it has been 
previously reported as negative. The Centers for Disease Control 
and Prevention recommends monthly screenings for viral hepati- 
tis.” Features of metabolic syndrome, particularly diabetes, 
most commonly present in association with liver and kidney 
disease.” NAFLD and diabetic nephropathy are two types 
of insulin resistance. It is prudent to inquire about the status 
of diabetes, including dietary compliance, medications, associ- 
ated metabolic derangements, and established complications 
and their treatments. Hematologic malignancies may involve 
the liver, causing abnormal LFT results. Lymphoma, leukemia, 
and immunoproliferative and myeloproliferative disorders may 
cause increases in liver enzyme levels (AP, AST, and ALT) because 
of the direct infiltration of hepatic parenchyma, sinusoidal 
obstruction syndrome (formerly known as veno-occlusive disease), 
increased thrombosis risk (particularly Budd-Chiari syndrome 
due to JAK2 mutations), hepatotoxicity related to chemotherapy 
or bone marrow or stem cell transplantation (such as graft-versus- 
host disease), and alloimmune hepatitis.*"° Further, hematologic 
malignancies, particularly lymphoma, are also associated with 
viral hepatitis. HCV has been implicated in lymphoma, whereas 
lymphoma treatment in an HBV-infected patient has a very high 
chance of reactivating the HBV infection, with a high mortality 
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rate if it is unrecognized.” "”!? There is a bidirectional cause and 


effect relationship between liver and heart manifestations that may 
occur in both the acute setting and the chronic setting.” S 
Cardiac cirrhosis is a well-known entity resulting from chronic 
hepatic venous congestion due to elevated right-sided heart pres- 
sure, particularly constrictive pericarditis and tricuspid valve 
regurgitation.” Portal hypertension results in diastolic dysfunc- 
tion, portopulmonary hypertension, and hepatopulmonary syn- 
drome.*'* Moreover, patients with hemochromatosis may present 
with both abnormal LFT results and cardiac manifestations such 
arrhythmias or cardiomyopathy.” It is also important to deter- 
mine if there has been any recent antiarrhythmic use or a history 
of antiarrhythmic use. Amiodarone can cause acute and chronic 
hepatotoxicity resulting in cirrhosis; however, other antiarrhyth- 
mic agents may cause hepatotoxicity or biochemical abnormali- 
ties.” When there are abnormal LFT results in the pregnant 
patient, identifying the onset of abnormalities and their relation- 
ship to the course of the pregnancy and looking for other clinical 
features, such as itching, history of liver disease, hypertension, 
kidney dysfunction, and hematologic dysfunction, are important 
for making the correct diagnosis.”°’”' Lastly, organ transplanta- 
tion has added complexity to the physiologic and pathologic 
functions of the human body. The evaluation of abnormal LFT 
results in organ transplantation requires a dedicated chapter; 
however, in the context of the current discussion, transplantation 
requires additional diseases in the differential diagnosis for abnor- 
mal LFT results and chronic liver disease beyond those for 
immune-competent individuals. In transplant patients, opportu- 
nistic infections (cytomegalovirus, herpes simplex virus, etc.) and 
hepatic allograft rejection must be considered and require prompt 
workup and treatment. In the context of liver transplantation, the 
following factors will assist in the diagnosis: pretransplant history, 
cause of liver disease, functional status, hepatocellular carcinoma 
stage and treatment, O-fetoprotein levels, infections, including 
positive serologic findings, metabolic syndrome, transplant and 
posttransplant history, donor category, ischemia time, surgical 
technique, complications during transplantation and immediately 
after transplantation, rejection episodes, immunosuppression, and 
use of prophylaxis to prevent certain infections. Liver biopsy in 
the posttransplant patient is critical in making the correct 
diagnosis. A skilled pathologist is required to correctly interpret 
the biopsy.” 

Special attention is required when one is reviewing medication 
history. This information is the most difficult to obtain because 
patients commonly do not recall what medications they have 
recently taken. It is important to identify every drug and deter- 
mine its use in relation to medical illness. Patients tend not to 
consider herbs and supplements as medications; thus herbs and 
supplements should be included when one is inquiring about 
medication history. In addition, medication history must include 
supplements taken for sexual drive. Testosterone and other medi- 
cations to enhance sexual drive may cause abnormal LFT results 
or hepatotoxicity. Estrogen and progesterone in any form are 
strongly associated with a wide variety of hepatic disorders, 
including abnormal LFT results, cirrhosis, PBC-like chronic 
liver disease, vascular abnormalities, adenoma, and portal vein 
thrombosis.” It is important to confirm whether the patient 
underwent tuberculous therapy or long-term therapy with other 
antimicrobials. 

A detailed inquiry about social life not only assists in iden- 
tifying the cause of biochemical abnormalities and underlying 
liver disease but also helps establish treatment plans. Commonly, 
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liver abnormalities are either self-inflicted (alcohol or drug con- 
sumption, poor dietary habits, sedentary lifestyle, ingestion of 
excessive supplements or herbs) or iatrogenic (drug-induced). The 
most common chronic liver diseases are as follows, in descending 
order of prevalence: NAFLD, alcoholic liver disease, and viral 
hepatitis, followed by drug-induced liver injury, autoimmune liver 
disease, and other rare causes. NAFLD results from a combina- 
tion of unhealthy eating behavior and sedentary lifestyle, as well 
as inherited metabolic disorders such as diabetes mellitus. An 
attempt to lose weight with weight loss medications complicates 
and exacerbates hepatotoxicity. Current or prior use of illicit 
drugs and promiscuous sexual practices are strong risk factors for 
HBV and HCV infection. Other risk factors for viral hepatitis 
include incarceration, prior military service/immunization, tat- 
tooing, and body piercing, although these associations are not 
as strong as other factors. Similarly, muscle-building and sexual 
enhancement medications or herbs are commonly associated 
with both benign biochemical abnormalities and significant liver 
disease.” Obtaining smoking history is also relevant because 
it provides useful information for risk assessment before hepatic 
surgery and liver transplantation.” Marijuana smoking is associ- 
ated with pulmonary aspergillosis, which is a serious concern 
in end-stage liver disease patients and after transplantation.” 
Work and living environments also play a role because of potential 
exposure to chemicals (risk factors for cholangiocarcinoma) and 
rare pathogens, such as Leptospira, Borrelia, Chlamydophila psit- 
taci, Brucella, and fungi. These rare infections frequently present 
as granulomatous hepatitis on liver biopsy and are clinically iden- 
tified via an elevated mixed pattern of AP, AST, and ALT.” The 
patient’s geographic region is also an important risk factor; HBV 
is the most common disease in the Far East and sub-Saharan 
Africa. The genotypic distribution of HCV is based on geographic 
region. Liver fluke (Clonorchis) infestation is endemic in the Far 
East (China, Japan, Taiwan, Vietnam, and Korea), and Fasciola 
hepatica is endemic in Central America, South America, Europe, 
China, Africa, and the Middle East. Schistosomiasis is prevalent in 
Egypt and other regions of Africa. Hemochromatosis is prevalent 
in Western Europe. '89719790?% 

Family history also helps differentiate several causes, such as 
autoimmunity, diabetes mellitus, features of metabolic syndrome, 
hemochromatosis, Wilson disease, 0;-antitrypsin deficiency, poly- 
cystic liver disease, alcoholism, liver cancer, primary amyloidosis, 
Caroli disease, and hereditary hemorrhagic telangiectasia.” S 


Clinical Examination: What to Look for 


Physical examination is essential for determining whether a 
patient has acute or chronic liver abnormalities or a combination 
of the two. A physical examination will help establish (1) the 
presence or absence of chronic liver disease, (2) the cause of 
chronic liver disease, (3) the presence or absence of portal hyper- 
tension, and (4) the presence or absence of liver failure. In a large 
cohort of liver disease patients, these signs and symptoms were 
shown to have important diagnostic and prognostic value.'*° 


Signs of Chronic Liver Disease 


The utility of clinical signs, commonly referred to as signs/stigmata 
of chronic liver disease in identifying chronic liver disease has been 
well studied. The signs include white nails, Muehrcke nails, club- 
bing, palmer erythema, Dupuytren contracture, carpel tunnel 
syndrome, loss or reduction of axillary hairs, dry skin, paper 
money skin, bruising, itching and scratching, acne, spider nevi, 
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jaundice, glossy lip, glossy tongue, gynecomastia, loss or reduction 
of pubic hair, testicular atrophy, and petechial rash. Nodularity of 
the liver, if palpable, is indicative of cirrhosis. A palpable left lobe 
indicates chronic liver disease. Four cutaneous signs (spider nevi, 
palmar erythema, nail changes, and bleeding signs) are common 
compared with other signs.'*° ROC analysis indicated that use of 
only cutaneous signs and not additional laboratory variables 
resulted in a slightly worse prediction of fibrosis stage F3-F4 
versus fibrosis stage FO-F2, with a specificity of 90% and sensitiv- 
ity of 85%. If the cutoff score is reduced by one point, sensitivity 
improves to 90% but specificity is reduced to 70%.'*° 


Signs of Underlying Cause 


The presence of obesity, particularly truncal obesity, acrochordons 
(skin tags), elevated blood pressure, xanthoma, and xanthelasma 
raises suspicion of underlying metabolic syndrome and associated 
NAFLD. Jaundice, xanthelasma, and pruritus with excoriations 
are commonly observed in patients with PSC and PBC. Cutane- 
ous signs of systemic sclerosis (telangiectasias, sclerodactyly, cuta- 
neous ulcers on finger pulps, Raynaud phenomenon, puckering 
of the mouth, etc.) suggest PBC as the cause of elevated AP levels. 
Clinical signs of rheumatoid arthropathy or psoriasis indicate AIH 
as the cause of abnormal LFT results, methotrexate-induced 
abnormal LFT results, or cirrhosis. Palpable bilateral enlarged 
parotid glands suggest underlying alcoholic liver disease, Sjögren 
syndrome, sarcoidosis, or lymphoma. Patients with lymphoma 
and sarcoidosis likely also have lymphadenopathy. Photosensitiv- 
ity rash in sun-exposed areas, blisters of porphyria cutanea tarda 
on the hands, and vasculitic (cryoglobulinemia) rash on the lower 
legs are indicative of extrahepatic manifestations of HCV infec- 
tion. Vasculitic rash, along with features of mononeuritis multi- 
plex, is highly suggestive of polyarteritis nodosa due to HBV 
infection. Dermatitis herpetiformis rash is associated with celiac 
disease. 


Clinical Signs of Portal Hypertension 

Subclinical portal hypertension may be observed in stage III 
hepatic fibrosis. At this early stage of portal hypertension, no 
clinical signs are present; however, the earliest clinical sign of 
portal hypertension is a palpable and enlarged spleen, which has 
an appropriate sensitivity and negative predictive value (97.7% 
and 91.7%, respectively) as a screening test for esophageal varices 
among cirrhotic patients.”’**” Dilated superficial abdominal 
veins and caput medusa are good indicators of portal hypertension 
regardless of the cause.“°**' Other clinical features of portal 
hypertension include ascites (everted umbilicus, abdominal dis- 
tension, shifting dullness, and fluid wave) and pleural effusion 
(hepatic hydrothorax), which is usually right sided but occasion- 
ally bilateral and clinically identified by dullness to percussion 
(decreased breath sounds and diminished vocal resonance). Com- 
monly, ascites is complicated by hernia, usually umbilical, but also 
as incisional, ventral, or inguinal. Anasarca is a common manifes- 
tation of portal hypertension. 


Clinical Signs of Hepatic Insufficiency (Liver Failure) 

Clinical indicators of hepatic insufficiency include altered cogni- 
tive functions (encephalopathy), jaundice, coagulopathy, bleeding 
diathesis, and hypoglycemic episodes. These features have been 
well studied and are described in Chapters 14, 19, 20 and 21. 
These features have long been the focus of research to identify the 
risk of liver disease and the prognosis of patients with liver disease. 
The Child-Pugh model incorporates these parameters; its utility 


as a prognostic indicator has been extensively studied and vali- 
dated. Sarcopenia (loss of muscle mass, clinically identified as 
wasting of muscles in the extremities and temporal regions) has 
recently evolved as another indicator of liver failure.”“??* 


Further Testing: Which Tests, as Well as When 
to Perform Them and What to Look for 


Laboratory Tests 


Many diagnostic tests are available for specific diagnoses of liver 
disease, including specific serologic tests for hepatitis viruses, 
PCR, and genotype testing to confirm viral infections, such as 
hepatitis viruses A-E, Epstein-Barr virus, cytomegalovirus, HIV 
and herpes simplex virus.” An array of autoantibody tests is 
useful in the diagnosis of PBC and classification of AIH. Quan- 
titative measurements of immunoglobulins, although helpful in 
supporting a clinical diagnosis, are not sufficiently specific to 
establish the precise cause of liver disease.” Slight to moderate 
increases in serum y-globulin levels are typical of acute viral hepa- 
titis; an increase may precede the development of jaundice, and 
serum y-globulin levels commonly decrease to normal levels 
within 8 to 10 weeks. The persistence of marked hypergamma- 
globulinemia beyond 3 months suggests progression to chronic 
hepatitis. AIH is characterized by greatly increased serum 
y-globulin levels, usually immunoglobulin G. PBC is typically 
associated with hyperglobulinemia, predominantly of the immu- 
noglobulin M class. In addition, alcoholic- and nonalcoholic ste- 
atohepatitis is associated with elevated serum immunoglobulin A 
levels and is of prognostic significance. The levels of serum globu- 
lins are not usually elevated in drug-induced cholestasis or extra- 
hepatic obstruction. A variety of proteins, such as ceruloplasmin, 
ferritin, Ot,-antitrypsin, and O-fetoprotein, are associated with 
specific diseases, such as Wilson disease, hemochromatosis, 04- 
antitrypsin deficiency, and hepatocellular carcinoma, respectively. 
Genetic tests for these metabolic disorders are available to confirm 
the diagnoses. 


Imaging 

Abdominal cross-sectional imaging performed on inpatients with 
abnormal LFT results has high diagnostic yield and frequently 
alters patient care. Among positive examinations, the most 
common diagnoses include biliary obstruction (25%), cholecys- 
titis (21%), malignancy (20%), and cirrhosis (14%). Reports 
provide new clinical information in 63% of cases and alter patient 
care in 42% of cases.” 

Regardless of the duration of the abnormalities, if liver enzyme 
abnormalities are predominantly cholestatic, imaging is necessary 
to look for biliary obstruction and infiltrative diseases. An abdom- 
inal sonogram is cost-effective, widely available, and safe for initial 
evaluation of the liver, gallbladder, and bile ducts. Doppler ultra- 
sonography is used to evaluate the hepatic arterial, hepatic venous, 
and portal venous systems. Triple-phase computed tomography 
and magnetic resonance imaging provide highly accurate informa- 
tion on focal liver lesions, diffuse parenchymal diseases, and the 
vascular and biliary anatomy. Magnetic resonance imaging can 
identify fatty liver and may be used to quantify hepatic fat content. 
American Association for the Study of Liver Diseases guidelines 
recommend magnetic resonance cholangiopancreatography as the 
initial step for diagnosing PSC, and if the magnetic resonance 
cholangiopancreatography findings are inconclusive, endoscopic 
retrograde cholangiopancreatography is indicated. Characteristic 
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abdominal imaging (computed tomography or magnetic reso- 
nance imaging with and without a contrast agent) findings in 
patients with cirrhosis include nodular contour, hypertrophy of 
the left and caudate lobes, splenomegaly, dilated bowel loops, 
bowel wall thickening, gallbladder wall thickening, ascites, pleural 
effusion, umbilical, ventral, inguinal, or other hernia sacs filled 
with ascites fluid, hepatic mass, portal lymph adenopathy, pneu- 
moperitoneum (after paracentesis), portal venous thrombosis, and 
varices. 


Liver Biopsy 

The use of liver biopsy has declined for a variety of reasons, includ- 
ing the increased availability of sophisticated imaging techniques 
and noninvasive biochemical markers of hepatic fibrosis and the 
advent of accurate serologic tests for diagnosing viral hepatitis. In 
patients with a liver transplant, liver biopsy is the gold standard 
for diagnosing graft rejection. Liver biopsy is useful for evaluating 
chronically elevated LFT results of unknown cause if a careful 
history, physical examination, serologic tests, and imaging fail to 
yield a diagnosis. However, in patients with negative workup find- 
ings, liver biopsy findings are frequently inconclusive and may 
even be normal.” Liver biopsy is indicated to establish a diagnosis 
of AIH, PBC, small duct PSC, hemochromatosis, 0;-antitrypsin 
deficiency, Wilson disease, granulomatous hepatitis, sinusoidal 
obstruction syndrome, vanishing bile duct syndrome, and infiltra- 
tive liver disorders. Moreover, the distinction between NASH and 
NAFLD requires liver biopsy. 

Regarding complications, pain at the liver biopsy site occurs 
in up to 30% of patients and is moderate or severe in 4.5% of 
patients. The pain may be located in the right shoulder because 
of diaphragmatic irritation. Vasovagal reactions may occur, par- 
ticularly in patients who are frightened or emotional. The most 
common serious complication is bleeding, which may occur in 
the absence of pain. Bile peritonitis resulting from puncture 
of the gallbladder is uncommon when ultrasound is used to select 
the biopsy site. The lung, colon, and kidney may be punctured, 
and pneumothorax, pleural effusion, or subcutaneous emphysema 
may occur. Liver biopsy of a malignant neoplasm carries a risk of 
seeding the biopsy track with a tumor. 

In both acute and chronic hepatitis and biochemical abnor- 
malities, liver biopsy is useful for determining the nature and 
extent of hepatic injury. In addition to the degree of inflamma- 
tion, the type of inflammatory cells, the type of intrahepatic viral 
antigens and their localization, and the type and distribution of 
collagen may provide relevant information for the diagnosis, prog- 
nosis, and response to treatment. 


When a Diagnosis Is Not Established: 
How to Monitor Patients 


The goal of evaluation and workup of LFTs with abnormal results 
and suspected liver disease is to establish the underlying cause and 
provide treatment to minimize the risk of future progression to 
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cirrhosis. Liver biopsy is indicated for patients (1) with no history 
of alcohol or hepatotoxic drug use, (2) with no signs of chronic 
liver disease, and (3) in whom initial evaluation is negative for 
viral hepatitis and metabolic, autoimmune, or hereditary liver 
disease. If the biopsy reveals significant fibrosis in the absence of 
characteristic histologic findings indicating a specific cause, 
NASH should be included in the differential diagnosis, and 
insulin resistance could be an issue. A meticulous reexamination 
of the histopathologic findings is warranted, and a second consul- 
tation with an experienced hepatopathologist may be considered. 
Cirrhosis may be the first presentation of insulin resistance with 
or without other features of metabolic syndrome. Other differen- 
tial diagnoses include antimitochondrial antibody—negative PBC, 
PSC, and drug-induced liver injury due to remote exposure to 
medications or toxins. A magnetic resonance imaging scan with 
magnetic resonance cholangiopancreatography is recommended. 
Repeated autoimmune serologic tests, including tests for antithy- 
roid, anti-SSA, and anti-SSB antibodies, may be considered if 
suspicion is high for AIH. If the diagnosis is not established, 
chronic liver disease of unknown cause or cryptogenic cirrhosis is 
the final diagnosis. 

In the absence of significant histologic findings or liver disease, 
the differential diagnosis should include celiac disease, hypothy- 
roidism, insulin resistance, and benign biochemical abnormalities. 
After exclusion of these potential diagnoses, LFT results may be 
monitored periodically. The optimal frequency of monitoring is 
unknown. Whether monitoring helps identify significant liver 
disease in the near term or future is unknown. Repeated testing 
should be performed if clinical conditions change. 


Conclusion 


The LFT panel is a misnomer because it does not reflect only liver 
function; instead, LFTs involve markers of liver cell damage or 
dysfunction, as well as liver function. The prevalence of mildly 
abnormal LFT results with one or more abnormal components of 
the LFT is high (10% to 21.7%) and 70% to 84% of abnormal 
LFT results remain abnormal. Several factors affect liver enzymes, 
including age, BMI, muscle mass, lifestyle, and lipid and carbo- 
hydrate metabolism. New reference ranges of aminotransferases 
have been proposed. In adults, the updated upper limits are 500 
nkat/L (30 U/L) for males and 317 nkat/L (19 U/L) for females. 
If the LFT results are abnormal, identification of the duration and 
pattern of abnormalities is the first step of evaluation. The pres- 
ence of hyperbilirubinemia, coagulopathy, and hypoalbuminemia 
is an excellent measure of hepatic function and prognosis and 
indicates liver failure, which may be acute, subacute, or chronic. 
A detailed history and examination is the key to the diagnosis and 
helps avoid unnecessary testing. 
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APRI AST to platelet ratio index 

ARFI acoustic radiation force impulse elastography 
AST aspartate aminotransferase 

AUROC area under the receiver operating curve 
BMI body mass index 

CAP controlled attenuation parameter 

Cl confidence interval 

CT computed tomography 

FIB-4 fibrosis-4 

GGT y-glutamyltranspeptidase 

HA hyaluronic acid 
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HCV hepatitis C virus 
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NPV negative predictive value 
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ULN upper limit of normal 

VCTE vibration controlled elastography 


Introduction 


Knowledge of a patient’s liver fibrosis burden is crucial for the 
management of chronic liver disease with major implications for 
treatment and prognosis. Advanced fibrosis indicates both height- 
ened benefit from treatment and increased risk of progression to 
cirrhosis, which is associated with a risk of liver-related complica- 
tions, hepatocellular carcinoma, and mortality. 


Patient history and physical examination are insufficient for 
the determination of advanced fibrosis or compensated cirrho- 
sis.” The current gold standard for liver risk assessment is the 
liver biopsy. Although typically safe and rarely fatal, liver biopsy 
is always costly, demanding significant healthcare resources from 
space and time for a day-case procedure to a nurse and expert 
pathologist.** Furthermore, it is an imperfect gold standard; a 
biopsy assesses roughly 1/50,000 of the liver and is prone to sam- 
pling error that may lead to understaging of advanced fibrosis.” 
At the same time, patients are afraid of biopsies. Roughly half of 
patients offered a biopsy will refuse.” 

Given how critical an accurate determination of liver disease 
stage is for clinicians and patients alike, effective, inexpensive, and 
patient-preferred alternatives are needed. Accordingly, there is a 
major clinical role for noninvasive approaches to assess the risk of 
advanced fibrosis in patients with chronic liver diseases. Herein, 
we review the common clinically available options to assess risk 
in patients with liver disease. 


The Value and Meaning of Fibrosis Staging 
and the Role of Liver Biopsies 


The liver biopsy is interpreted in three clinically meaningful ways. 
First, it can be diagnostic, particularly when disease cannot be 
determined using serologic tests. Second, the biopsy often affects 
treatment decisions, and, third, histologic features often provide 
prognostic information. Patients with early-stage fibrosis are at 
little-to-no risk of adverse events in the short-term, while patients 
with advanced stage fibrosis are at increased risk of portal hyper- 
tensive decompensations, hepatocellular carcinoma, and death.” 
As such, a significant portion of the discussion regarding treat- 
ment and prognosis for most patients with chronic liver disease 
relates to the staging of fibrosis. 

As clinical trials for hepatitis C therapies were underway, a 
shared language for the description of histologic features became 
necessary, fostering the development of contemporary histologic 
scoring systems (e.g., METAVIR, metaanalysis of histologic data 
in viral hepatitis).°’’ In clinical practice, by contrast, the staging 
of fibrosis becomes binary. As opposed to absolute staging, patients 
need and want to know whether they are at low or high risk for 
hepatic complications. To that end, the critical information is 
based on the presence or absence of advanced fibrosis. In this sense, 
the patient with a low noninvasive index can be counseled in the 
same fashion as the patient with FO-F1 fibrosis, and vice versa. 
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Furthermore, the biopsy is a cross-sectional assessment of 
hepatic fibrosis, which is a heterogeneous process, unevenly dis- 
tributed throughout the liver parenchyma.”’ The consequences 
are twofold. First, whereas inexpensive noninvasive assessment of 
liver fibrosis can be performed cheaply and safely, longitudinal 
assessments by biopsy are impractical. Second, given the sampling 
error associated with liver biopsies, it is possible that noninvasive 
measures may correlate better with fibrosis burden. Indeed, when 
the total concentration of hepatic collagen is assessed using quan- 
titative image analysis of biopsy specimens, noninvasive fibrosis 
markers perform significantly better than a standardized histologic 
assessment (i.e., Ishak score), even in the clinical trial setting.’* 

The role of the liver biopsy has changed in contemporary 
practice, shaped by patient preferences, cost-consciousness, the 
ability to assess patients longitudinally, and the possibility that 
noninvasive markers may be more accurate than biopsy. By using 
noninvasive tests first, the biopsy is then used to clarify diagnoses 
and to assess fibrosis burden in the setting of indeterminate or 
conflicting biomarkers. 


Approach to Noninvasive Testing 


The overarching philosophy behind the noninvasive assessment of 
liver fibrosis is to efficiently provide the patient with a risk esti- 
mate of advanced liver disease in a form that affects clinical 
management. While no marker can effectively discern each stage 
of fibrosis as would a biopsy, this may not be important for 
patients with many common conditions. The key clinical consid- 
erations that risk assessment addresses are the benefits of therapy 
and screening for the complications of liver disease.'? While each 
disease has specific issues to consider (addressed in a later section), 
the goals of noninvasive risk assessment are generic.“ 

When using noninvasive tests to avoid liver biopsy, the key is 
to seek concordance. There are a few reasons for this. First, it is 
reasonable: making clinical decisions based on tests that are 
proxies for histology often needs to satisfy a higher burden of test 
performance. Second, it is clinically expedient: one can obtain 
both a serologic and imaging test for advanced fibrosis in a single 
clinic visit. Thereafter, clinicians could immediately divide their 
patient population into three groups: concordant low and high 
risk and conflicting or intermediate results.'”'° One could choose 
to repeat the tests or pursue liver biopsy for the group with mixed 
or equivocal results, depending on how the results might change 
management. For patients who have a high pretest probability of 
advanced disease or clinicians who prefer conservative strategies, 
a biopsy could be considered for all patients who do not have 
concordant low-risk results. Third, this is also a well-studied strat- 
egy that is capable of maximizing patient outcomes. "72° A 
sample application of this strategy is shown in Fig. 8-1. 


Pathophysiology of Common 
Serologic Tests for Liver Fibrosis 


Many serologic biomarkers have been studied as surrogates for the 
staging of hepatic fibrosis. Most biomarkers combine multiple 
tests and occasionally anthropomorphic indices. The components 
of each test, as well as their clinical availability and cost, are 
detailed in Table 8-1. These tests vary from the simple [aspartate 
aminotransferase (AST)/alanine aminotransferase (ALT) ratio] 
to the complex (using proprietary or patented formulas that are 
performed in central processing labs). In this section we review 
the rationale behind each test and its components. 
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e Fig. 8-1 A general approach to noninvasive evaluation of liver fibro- 
sis. This approach highlights the role for seeking concordance between 
imaging and serologic markers of fibrosis and clarifies the population that 
benefits from liver biopsy. 


AST/ALT Ratio 


Perhaps the simplest noninvasive index of liver fibrosis is the AST/ 
ALT ratio.” Within the hepatocyte, ALT is confined to the 
cytosol, while AST is present in both the cytosol and mitochon- 
dria. Alcohol is a mitochondrial toxin and, furthermore, its 
metabolism depletes 5-pyridoxal phosphate, which is a cofactor 
for ALT production.” Accordingly, alcohol’s hepatotoxicity 
increases the release of AST and decreases the production of ALT. 
The AST/ALT ratio, therefore, is best known as a test that often 
distinguishes between alcoholic and nonalcoholic forms of liver 
disease.” It has also been studied as a biomarker for cirrhosis in 
nonalcoholic liver diseases.” There are two main reasons that 
these tests are of value in the noninvasive assessment of fibrosis. 
First, because sinusoidal liver cells facilitate the clearance of AST 
from serum, the impaired sinusoidal cell function seen with cir- 
thosis is an important cause of an elevated AST/ALT ratio.” 
Second, both ALT and AST reflect necroinflammatory activity, 
which is often necessary for the formation of fibrosis. 


AST/Platelet Ratio and Fibrosis-4 Indexes 

The AST/platelet ratio index (APRI) and fibrosis-4 (FIB-4) index 
carry the basis of the AST/ALT ratio forward and add the prog- 
nostic information related to platelet count. Platelets are a sensi- 
tive marker for cirrhosis. A platelet count of less than 160 x 10° 
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AST/ALT ratio No AST/ALT AST, ALT Alcohol, muscle breakdown 1.44 
AST/platelet No (AST/ULN)/platelet count (10°/L) AST, platelet count Alcohol, muscle breakdown, 6.50 
ratio index extrahepatic causes of 
thrombocytopenia 
FIB-4 No (Age x AST)/platelet count x ./(ALT) Age, AST, ALT, platelet count Alcohol, muscle breakdown, 7.05 
extrahepatic causes of 
thrombocytopenia 
NAFLD fibrosis No —1.675 + 0.037 x age + 0.094 x BMI + Age, BMI, diabetes (the Alcohol, muscle breakdown, 7.20 
score 1.13 x diabetes (yes = 1, no = 0) + presence of), AST, ALT, extrahepatic causes of 
0.99 x (AST/ALT ratio — 0.013) x albumin, platelet count thrombocytopenia, 
platelet (x10°/L) — 0.66 x albumin (g/dL) malnutrition 
FibroSure/ Yes Publicly available but only performed in Age, sex, bilirubin, GGT, Alcohol, Gilbert syndrome, 69.86 
FibroTest reference laboratories apoliprotein A1, haptoglobin, renal disease, hemolysis, 
and o,-macroglobulin statin use, inherited 
dyslipidemia 
HepaScore/ Yes Proprietary. Only performed in reference @,-Macroglobulin, bilirubin, Alcohol, Gilbert syndrome, 26.02 
FibroScore laboratories GGT, hyaluronic acid renal disease, 
extrahepatic fibrosis 
FibroMeter Yes Proprietary. Only performed in reference Age, sex, platelet count, Alcohol, Gilbert syndrome, 70.50 
laboratories O2-macroglobulin, ALT, AST, renal disease, 
GGT, INR, blood urea nitrogen anticoagulation 
FibroSpect Yes Proprietary. Only performed in reference ,-Macroglobulin, hyaluronic Renal disease, extrahepatic 56.72 
laboratories acid, tissue inhibitor of fibrosis, chronic 
metalloproteinase inflammatory diseases 
Enhanced liver Yes Publicly available but only performed in Hyaluronic acid, tissue inhibitor Renal disease, extrahepatic 173.00 


fibrosis reference laboratories 


score 


of metalloproteinase, 
N-terminal propeptide of 
type III procollagen 


fibrosis, chronic 
inflammatory diseases 


ALT, Alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; GGT, y-glutamyltranspeptidase; INR, international normalized ratio. 


platelets/L has a positive likelihood ratio for the presence of cir- 
thosis of 6.3 (95% confidence interval [CI], 4.3-8.3).? Cirrhosis 
decreases the platelet count in a number of ways. First, the platelet 
growth factor thrombopoetin is made by the liver and is deficient 
in patients with cirrhosis.” Second, portal hypertension leads to 
splenic congestion and platelet sequestration. Third, gut-barrier 
disruption leads to systemic endotoxemia, immune activation, 
and formation of antiplatelet antibodies, all of which leads to 
platelet consumption.” Accordingly, an elevated APRI is sugges- 
tive of cirrhosis by leveraging the insight that cirrhosis is associated 
with higher AST levels and lower platelet counts. The FIB-4 test 
uses an alternate algorithm based on the same physiology and adds 
the effect of age. The rationale for including age is sound, as it 
reflects a basic principle of liver injury: necroinflammation over 
time leads to fibrosis. 


Nonalcoholic Fatty Liver Disease Fibrosis Score 


The nonalcoholic fatty liver disease fibrosis score (NFS) extends 
observations regarding the AST/ALT ratio, platelet count, 
and age by adding the effect of body mass index (BMI) and 
diabetes. Insulin resistance is independently associated with 
progressive liver disease regardless of the underlying etiology. 


Hyperinsulinemia stimulates stellate cell activity, collagen synthe- 
sis, and connective tissue growth factor production.” BMI is 
associated with hepatic fibrosis for two reasons. First, BMI likely 
reflects underlying steatosis, which is often hepatotoxic.” Second, 
even adjusting for diabetes, BMI is still associated with fibrosis, 
suggesting that obesity is proinflammatory and linked to hepatic 
lipid peroxidation.” The NFS also adds albumin, which is a serum 
protein produced by the liver, the levels of which decrease as liver 
disease advances. The NFS integrates these variables into a pub- 
licly available algorithm designed for the assessment of patients 


with NAFLD.” 


FibroMeter 


FibroMeter is a noninvasive index that uses a proprietary algo- 
rithm based on elements used in other tests, including age, ALT, 
AST, and platelet count, and adds y-glutamyltranspeptidase 
(GGT), prothrombin index, urea, and O.-macroglobulin (a,- 
M). GGT is a marker that is considered highly sensitive for 
biliary injury and therefore highlights a different component 
of liver injury. Owing to decreased urea synthesis by the cir- 
thotic liver, blood urea nitrogen has been shown in one study 
to be lower among patients with cirrhosis.” Finally, it is well 


120) SECTION Il 


established that the prothrombin time is elevated in patients with 
cirrhosis.”* 

.-Macroglobulin and haptoglobin are the two components of 
,-globin and are acute-phase reactants with variable responses to 
liver disease (haptoglobin is discussed in the next section).** In 
addition, O.-M is a proteinase inhibitor expressed by activated 
hepatic stellate cells, and, as hepatic stellate cells produce collagen 
in the liver, it is therefore a direct marker of liver fibrosis.” 


FibroSure/FibroTest 


FibroTest is another proprietary panel of tests that combines 
indirect and direct markers of liver fibrosis. This test includes 
haptoglobin and apoliprotein Al. Haptoglobin is negatively cor- 
related with liver fibrosis. Hepatocyte growth factor, which is 
elevated in states of liver regeneration including cirrhosis, stimu- 
lates increased 0,-M and decreased haptoglobin production.” 
Apolipoprotein Al is the primary component of high-density 
lipoproteins (HDLs) and is synthesized by the liver.” For this 
reason, HDL levels are inversely proportional to liver fibrosis.”* 
Additionally, HDL levels may reflect ongoing liver injury in 
patients with NAFLD. HDL is depressed in patients with active 
nonalcoholic steatohepatitis (NASH) and returns to normal fol- 
lowing resolution of NASH.” 


HepaScore 

The HepaScore test utilizes hyaluronic acid (HA) as a direct 
marker of liver fibrosis. HA is a component of the extracellular 
matrix that is produced during collagen synthesis and cleared by 
hepatic sinusoids when present in the circulation.“ Accordingly, 
factors that affect collagen formation (e.g., inflammation and 
fibrosis) and decreased clearance (cirrhosis viz. reduced hepato- 
cytes) will contribute to increased serum HA. 


FibroSpect 

Tissue inhibitor of metalloproteinases (TIMP) refers to a family 
of enzymes that regulate the balance between extracellular matrix 
formation and destruction. TIMP-1 is expressed by activated 
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hepatic stellate cells, particularly in cirrhotic livers.“ FibroSpect 
uses TIMP-1 as a direct marker of fibrosis in addition to 0.-M 
and HA.” 


Enhanced Liver Fibrosis Score 

In combination with HA and TIMP-1, the enhanced liver fibrosis 
score adds the N-terminal propeptide of type III procollagen.“° 
This molecule is considered a direct marker of liver fibrosis because 
it is released during the processing of procollagen during the 
wound-healing or fibrotic response to necroinflammation.”” Its 
linkage with liver fibrosis was first demonstrated in 1979 and has 
been consistently validated.*°“* 


Radiologic Tests for Liver Fibrosis 


Imaging the liver serves multiple purposes. First, advanced fibrosis 
develops macroscopic consequences, many of which may be 
readily observed as altered hepatic morphology on imaging 
studies. The cirrhotic liver could appear nodular or shrunken or 
have caudate lobe hypertrophy. Additionally, secondary signs of 
liver fibrosis via portal hypertension burden such as varices or 
splenomegaly can be detected on most imaging techniques. 
Second, novel imaging techniques can assess functional properties 
of liver parenchyma such as liver stiffness. These techniques are 
markedly more sensitive and specific and are therefore the focus 
of this section. A summary is provided in Table 8-2. 


Ultrasound 

Ultrasound imaging is based on the interpretation of the “echotex- 
ture” of sound waves transmitted through tissue and back to a 
hand-held receiver. The resultant grayscale images are interpreted 
to reflect the different densities of particular tissues, the patterns 
of which can aid in reaching a clinical diagnosis. Ultrasound is a 
readily available, inexpensive, well-tolerated conventional tool 
that is familiar to most clinicians interested in the evaluation and 
management of liver disease.” Multiple sonographic features, 
including echogenic liver (bright, especially relative to the kidney), 


Ultrasound No None None 82 

Computed tomography No Allergy to contrast, renal insufficiency None N/A 168 

Magnetic resonance No Allergy to contrast, renal insufficiency, None N/A 319 
imaging (MRI) metal implants 

Vibration-controlled Yes Acute liver inflammation, venous Fasting (3h) Hepatic inflammation, 82 


transient elastography 


congestion, cholestasis, morbid 


cholestasis, venous congestion 


obesity and morbid obesity 
Acoustic radiation force Yes Confounders unknown: likely acute liver Unknown Hepatic inflammation, otherwise 82 
impulse imaging* inflammation, venous congestion, unknown 
cholestasis, morbid obesity 
MRI elastography* Yes Metal implants. Confounders unknown: Unknown Hepatic inflammation, cholestasis 319 


likely acute liver inflammation, 
venous congestion, cholestasis 


and venous congestion 


*Experimental (not FDA approved). 
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nodular liver contour, heterogenous parenchyma, and an enlarged 
caudate lobe relative to the right, may suggest cirrhosis.” Sple- 
nomegaly, collateral veins, and dynamic Doppler evaluation of 
blood flow through the hepatic vasculature may reveal patterns 
consistent with cirrhosis and portal hypertension.” Prospective 
studies have found that the sonographic markers of cirrhosis have 
highly variable test characteristics. For example, liver contour has 
been shown to have a sensitivity and specificity for cirrhosis of 
12.5% to 87.5% and 78% to 95%, respectively.“ Steatosis and 
fibrosis are often unreliably distinguished. For these reasons and 
others, sonography is highly operator-dependent and tends to 
have poor interobserver reliability.” 


Computed Tomography and 

Magnetic Resonance Imaging 

Modern computed tomography (CT) is a form of cross-sectional 
imaging based on the reconstructed images of X-rays. Conven- 
tional CT can be performed with intravenous contrast that allows 
for inspection of the vasculature and a deeper understanding of the 
functional properties of the tissue observed. Magnetic resonance 
imaging (MRI) offers additional approaches using sequences such 
as diffusion-weighted imaging that appear to improve the test 
characteristics of contrast-enhanced cross-sectional imaging.” 
However, MRI is expensive and the examination takes consid- 
erably longer (as much as 30 minutes) than CT (seconds). CT 
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and MRI, like ultrasound, are insensitive but often specific.” 
Features suggestive of cirrhosis on CT include surface nodularity, 
parenchymal heterogeneity, caudate/right lobe ratios, and vein 
diameter (e.g., smaller hepatic veins suggest cirrhosis).’® Detec- 
tion of varices and splenomegaly is likely more reliable with CT 
and MRI. 

Beyond features consistent with cirrhosis, cross-sectional 
imaging techniques, and MRI in particular, can also provide 
additional information regarding liver disease. For example, using 
MR spectroscopy, one can reliably estimate both fat” and iron” 
content. The MR signals for fat, iron, and other infiltrative sub- 
stances can be isolated and quantified as the fraction of overall 
MR signal to suggest the degree to which the liver is affected. 


Vibration-Controlled Elastography 


Vibration-controlled elastography (VCTE) is the most reliable 
noninvasive imaging tool approved for use in the United States 
(Fig. 8-2).*1 As opposed to ultrasound, CT, and MRI, which 
provide signs of cirrhosis, VCTE provides a liver stiffness measure- 
ment (LSM) in kilopascals (kPa). Although the LSM does not 
provide the stage of fibrosis as would a biopsy, its detection of 
cirrhosis is both sensitive and specific. A handheld probe is placed 
on the intercostal space overlaying the right hepatic lobe. This 
probe vibrates against the chest wall, emitting a mechanical shear 
wave into the liver. The velocity of that shear wave is then 
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e Fig. 8-2 Vibration controlled elastography (VCTE). A, The standard VCTE device (FibroScan) is shown 
with the bedside monitor and the M probe. B, The VCTE readout shows an ultrasound image of the 
tissue within the scanned area beneath the skin (2.5-6.5 cm for the M probe) and an indicator (green 
bars), suggesting that the pressure of the probe on the dermis is appropriate. C, The VOTE readout also 
provides a visualization of the propagation wave with slopes reflecting the speed and therefore liver stiff- 
ness. Correlates of the depicted liver stiffness are provided in terms of METAVIR staging and histology. 
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measured with a transducer at a depth determined by the specific 
probe used (M probe, between 25 and 65 mm or XL probe, 
35 to 75 mm). This velocity is then converted to an LSM, ren- 
dered into kilopascals using Hook’s law. Any variable that affects 
the viscoelastic properties of the liver can potentially confound 
the LSM, and this includes changes in the blood flow to the liver. 
For that reason ideal candidates for VCTE should not have con- 
gestive heart failure” and should fast for 2 to 3 hours.” In prac- 
tice, the sensitivity of VCTE is mainly limited by BMI (thick 
chest walls), which is best addressed by choice of probe, while the 
principal confounders of specificity are hepatic inflammation and 
cholestasis." 

Similar to MRI, VCTE technique can be adapted to yield 
additional information regarding the hepatic burden of steatosis. 
Controlled attenuation parameter (CAP) assesses the propagation 
of an ultrasound wave at the same time as an LSM and yields a 
value between 100 and 400 dB/m."' 


Magnetic Resonance Elastography 

Magnetic resonance elastography (MRE) is an emerging investi- 
gational technique that employs a device and reconstruction soft- 
ware that can be retrofitted onto standard body MR scanners. As 
with VCTE, mechanical waves are transmitted into the right lobe 
of the liver using a transcutaneous transducer. In contrast with 
the two-dimensional view of VCTE, MRE is three-dimensional. 
Throughout the liver parenchyma the three-dimensional displace- 
ment vector of the shear wave is interpreted by a specialized 
imaging sequence and rendered into kilopascal values.” In the 
conversion of shear waves to kilopascals, VCTE employs Young’s 
elastic modulus and MRE uses the shear-elastic modulus. As such, 
the kilopascal values determined by VCTE and MRE are not 
equivalent.’ The potential advantage of MRE over VCTE is its 
likely independence from confounding by BMI.” Clinical experi- 
ence with MRE is developing and so too is knowledge of its 
confounders, which may include inflammation. 


Acoustic Radiation Force Impulse Elastography 

Acoustic radiation force impulse elastography (ARFI) is an inves- 
tigational technique wherein a standard ultrasound machine is 
retrofitted to emit an acoustic pulse that generates shear waves 
whose speed (in meters per second) is analyzed. As with VCTE, 
the imaging employed is two-dimensional, and, as with all elas- 
tographic techniques, the stiffer the tissue, the faster the propaga- 
tion speed. The shear velocity is estimated at a measurement depth 
determined by the observer, based on calculations using assump- 
tions regarding the speed of sound in and tissue elasticity of liver 
tissue.” The area of liver assessed by ARFI is slightly smaller than 
that assessed by VCTE. There is limited experience with ARFI in 
general, and knowledge of its specific limitations is not widely 
known. Inflammation is a likely confounder, while the effect of 
BMI is unclear. 


Disease-Specific Considerations 


The application of noninvasive testing requires an understanding 
of the cutoffs and pitfalls specific to each liver disease. We will 
review the principal testing considerations for the most common 
liver diseases separately. 


Hepatitis C 
In the era of highly efficacious antiviral therapy for chronic hepa- 
titis C viral (HCV) infection” and widespread HCV screening,” 
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there is a premium placed on efficient, noninvasive evaluation of 
hepatic fibrosis. The focus is now less on staging fibrosis than on 
determining which patients have either limited or advanced fibro- 
sis.” American Association for the Study of Liver Disease (AASLD) 
guidelines suggest that insurance approval for this therapy typi- 
cally requires clinicians to determine the risk of their patients with 
chronic HCV for advanced liver disease.'*”' Compared with liver 
biopsy, noninvasive risk assessment strategies safely and cost- 
effectively allow the clinician to prioritize treatment for those with 
advanced fibrosis and enroll patients with cirrhosis into screening 
programs for varices and hepatocellular carcinoma.'*”* A sample 
testing strategy is shown in Fig. 8-3. 

Many noninvasive strategies offer comparable test characteris- 
tics (Table 8-3). The most extensively studied serologic tests for 
patients with chronic HCV are the FibroTest and APRI. In a 
meta-analysis of studies including 3500 patients with HCV, the 
area under the receiver operating characteristic (AUROC) curve 
for significant fibrosis was 0.84 (95% CI, 0.83-0.86).”° In a sepa- 
rate systematic review, the AUROC for the detection of cirrhosis 
was 0.90." APRI, examined in a meta-analysis pooling 4200 
patients with HCV, could discern significant fibrosis and cirrhosis 
with respective AUROC of 0.76 (0.74-0.79) and 0.82 (0.79- 
0.86).” Further to these studies, in a recent prospective study of 
510 patients with viral hepatitis, FibroTest, HepaScore, and 
FibroMeter were compared and found to be equally effective with 
AUROC for cirrhosis ranging from 0.84 to 0.87.’° However, 
fibrosis was underestimated in 26%, 24%, and 6% of HCV 
patients by FibroTest, HepaScore, and FibroMeter, respectively. 

The imaging techniques employed in the noninvasive determi- 
nation of fibrosis include ultrasound and MR-based elastography 
(MRE). The Food and Drug Administration—approved option for 
patients with chronic HCV who are candidates for LSM is VCTE, 
commonly delivered by FibroScan. As with other diseases, specific 
LSM cutoffs have been studied for the assessment of advanced 
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e Fig. 8-3 Noninvasive evaluation of fibrosis for the patient with viral 
hepatitis. In this schematic, the specific needs of the patient with chronic 
hepatitis C and hepatitis B (HBV) are highlighted in the context of the 
general philosophy presented in Fig. 8-1. AASLD, American Association 
for the Study of Liver Diseases; ALT, alanine aminotransferase. 
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TABLE er . p 
"E Test Characteristics by Liver Disease 


HCV 
FibroTest F2-F4 0.6 34 339 70 95 0.84 T3 
APRI F3-F4 1.0 129 4441 61 64 0.8 76 
HepaScore F2-F4 0.55 130 391 82 65 0.81 72 
FibroMeter F3-F4 0.72 76 255 90 85 0.91 — 
FIB-4 F4 <5 131 830 74 81 0.85 68 
297295 38 98 
VCTE F2-F4 T 79 183 67 89 0.83 T3 
F4 12.5 95 91 0.95 90 
HBV 
FibroTest F2-F4 0.48 132 1000 61 80 0.77 71 
APRI F2-F4 i5 133 788 49 84 0.75 — 
HepaScore F3-F4 0.42 76 255 fs 71 0.75 59 
FibroMeter F3-F4 0.69 76 200 66 88 0.85 65 
FIB-4 F3-F4 1.0 134 91 73 0.91 — 
F4 1.6 88 84 0.93 
VCTE F2-F4 7.9 91 1625 74 78 0.86 — 
F4 mT 2051 85 82 
NAFLD 
FibroTest F3-F4 0.3 7 267 92 71 0.92 — 
0.7 25 97 
APRI F3-F4 il 135 145 27 89 0.67 — 
FibroMeter F2-F4 % 101 335 79 96 0.94 86 
FIB-4 F3-F4 ais 102 541 74 71 0.80 60 
> 2.67 33 98 
VCTE F3-F4 7.9 104 245 91 75 0.93 92 
F4 10.3 92 88 0.95 
NFS F3-F4 —1.455 32 253 it 71 0.84 90 
0.676 43 96 
Cholestasis 
VCTE-PBC F2-F4 8.8 1413 103 67 100 0.91 84 
F4 16.9 93 99 0.99 98 
VCTE-PSC F2-F4 8.6 114 66 72 89 0.84 — 
F4 14.4 100 88 0.95 


* Unknown, the maker does not provide this data; —, not available in the text. 
APRI, Aspartate aminotransferase: platelet ratio index; AUROC, area under the receiver operating curve; HBV, hepatitis B; HCV, hepatitis C; NAFLD, nonalcoholic fatty liver disease; MFS, NAFLD fibrosis 
score; PBC, primary biliary cholangitis; PSC, primary sclerosing cholangitis; VCTE, vibration-controlled elastography. 


AUROC for this value is 0.95 (95% CI, 0.87-0.99).” Disease- 


fibrosis risk. In contrast to the serologic tests that can result in 


understaging, VCTE is more likely to overstage as a result of 
necroinflammatory activity.” A cutoff of 7.3 kPa offers excellent 
(near perfect) negative predictive value (NPV) for the exclusion 
of patients without advanced liver disease.” In other studies a 
conventional cutoff of 12.5 kPa performs well with a positive 


predictive value (PPV) of 77% and an NPV of 98%.”*” The 


specific cutoffs are not yet available for MRE or ARFI. Based on 
early meta-analyses, the detection of advanced fibrosis with either 
modality appears excellent with an AUROC of 0.97 and 0.91 for 
MRE and ARFI, respectively.*°*' 

There is evidence that combining imaging and serologic tests 
results in significant benefit. The imaging test that has been 
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studied in various combinations with serologic assessments is 
VCTE. An influential study by Castera et al. compared the com- 
bination of FibroTest and APRI to VCTE and FibroTest. When 
a VCTE cutoff of 12.5 kPa and FibroTest cutoff of 0.75 was used 
to discriminate patients with and without cirrhosis, 65 of 302 
patients with HCV (21.5%) required biopsy. This compared 
favorably the APRI/FibroTest strategy, which led to 76 (25.2%) 
biopsies." These results are robust and reproducible.” 

Noninvasive tests are predictive of long-term outcomes. 
Poynard etal., for example, showed that the combination of 
VCTE and FibroSure/FibroTest can be used to group all patients 
with chronic HCV into risk categories.’ In a cohort of 3927 
Europeans, better than any test alone, LSM combined with 
FibroTest predicted the development of liver-related events 
(AUROC 0.88), hepatocellular carcinoma (AUROC 0.85), and 
10-year overall survival (AUROC 0.79). The rate of severe com- 
plications of liver disease increased with FibroTest score from 
2.2% when the score was less than 0.28 to 60.3% when the score 
was greater than 0.95. Similarly, the risk of severe complications 
rose from 1.6% for those with LSM less than 5 kPa to 71% when 
LSM was greater than 50 kPa. While 10.1% of the 3927 subjects 
receiving FibroTest died during follow-up, only 2.8% with a 
FibroTest result less than 0.28 died compared with 29.1% and 
53.1% of those with scores of 0.85 to 0.95 and greater than 0.95, 
respectively. Similarly, 7.4% of the 3031 subjects who underwent 
LSM died during follow-up: 3.7% of those with LSM less than 
or equal to 5.0 kPa and 30.3% of those with LSM between 20 
and 50 kPa. Furthermore, the rate of change in noninvasive 
metrics over time predicts clinical outcomes. In a cohort of 
patients undergoing anti-HCV therapy, baseline and serial VCTE 
was predictive of overall survival. In a multivariate model of mor- 
tality risk that adjusted for demographic factors, baseline VCTE 
(per kPa) was associated with a hazard ratio (HR) of 5.76 (95% 
CI, 3.74-8.87).*‘ The FIB-4 index appears predictive of HCC. In 
a cohort of 516 Japanese patients with normal ALT followed for 
3 years, a FIB-4 index of greater than 4.0 was associated with a 
hazard ratio of 9 for the development of HCC.” Finally, although 
many indices are predictive of long-term outcomes, it is unclear 
whether pretreatment risk predictions will be accurate following 
viral eradication or whether the change in a given index after 
therapy is prognostic. 


Hepatitis B 

As with HCY, the determination of fibrosis stage for patients with 
chronic hepatitis B virus (HBV) defines both the benefit of treat- 
ment and screening for the complications of cirrhosis. Treatment 
decisions, as recommended by the AASLD, require consideration 
of surface and e antigen expression, viral load, hepatic inflamma- 
tion, and fibrosis burden.” Fibrosis can be assessed with many 
modalities in place of liver biopsy. A sample testing strategy is 
shown in Fig. 8-3. 

The FIB-4 is a simple serologic marker of fibrosis that has been 
validated in multiple populations. In a prospective study of 668 
South Koreans, Kim et al. validated a cutoff of 1.6 to rule out 
advanced fibrosis, demonstrating a 93.2% NPV.” Li et al. exam- 
ined the FIB-4 in 284 Americans with HBV. The optimal cutoff 
to rule in F4 fibrosis was 5.17.°° 

The advanced “send-out” serologic markers of fibrosis are 
of roughly equivalent clinical value for patients with chronic 
HBV. The choice of test should be based on one’s comfort level 
and the test’s availability. Leroy et al. provided the best available 
comparative study in 2014, examining FibroTest, FibroMeter, and 
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HepaScore in a cohort of French patients.”° FibroTest, with cutoffs 
of 0.59 and 0.79, had an NPV of 84.0% and 91.0% for F3 or 
greater and F4, respectively. FibroMeter yielded an NPV of 91% 
and 92% for F3 or greater and F4 using respective cutoffs of 0.57 
and 0.84. Finally, HepaScore, with a cutoff of 0.84, yielded an 
NPV of 94%. 

As with HCV, VCTE is a valuable tool for patients with 
HBV.” Experience in HBV is growing, and as a result the optimal 
LSM cutoffs tend to vary. In a cohort of 202 patients with HBV, 
a cutoff of 11.0 kPa for cirrhosis had an AUROC of 0.93 and an 
NPV of 99%.” In a meta-analysis pooling studies involving 
2772 patients, the respective optimal cutoffs for F3-F4 and F4 
were 8.8 kPa and 11.7 kPa. An LSM of 8.8 kPa was 74.3% sensi- 
tive for and 78.3% specific for F3 fibrosis or higher, while 11.7 
kPa was 84.6% sensitive for and 81.5% specific for the detection 
of cirrhosis.” 

There are no specific limitations of serologic tests for patients 
with HBV. In contrast, the confounders of VCTE are well known. 
Although BMI is certain to play a role, the most important for 
patients with HBV is the relative contribution of necroinflamma- 
tion to the liver’s viscoelastic properties.” ” 

As for HCV, treatment decisions are based in part on the 
burden of liver inflammation and fibrosis, and the assessment of 
the latter by VCTE may be confounded by the former. Chan et al. 
proposed an algorithm to interpret the results of VCTE in the 
context of the ALT level.” Their strategy involves pursuing liver 
biopsy for patients with indeterminate LSM with ranges specific 
to the ALT. Patients with a normal ALT and LSM less than 5 kPa 
(high NPV) do not receive antiviral therapy, while treatment is 
provided for those with LSM greater than or equal to 9.0 kPa 
(suggestive of advanced fibrosis). Patients with indeterminate 
LSM are offered liver biopsy. The same algorithm is applied to 
patients with abnormal ALT, though with cutoffs of 7 kPa and 
12 kPa. 

Long-term outcomes can also be predicted by noninvasive 
markers. In a cohort of 986 Koreans over the age of 40 with 
surface antigen expression, compared to those with FIB-4 less 
than 1.25, subjects with FIB-4 between 1.7 and 2.4 and greater 
than 2.4 had respective adjusted HRs for the development of 
HCC of 4.57 and 21.34.”° Similar to their study of patients with 
HCY, Poynard et al. studied 1434 patients with HBV and found 
both VCTE and FibroTest to be equally predictive of severe com- 
plications. Baseline LSM predicted the 10-year rate of severe 
liver-related morbidity with an AUROC of 0.88 overall and 0.95 


for the development of varices. 


Nonalcoholic Fatty Liver Disease 

Nonalcoholic fatty liver disease (NAFLD) is the most common 
chronic liver disease. Throughout the Western world, the preva- 
lence of NAFLD varies but is generally not less than one in five 
people.” In the United States, the prevalence of steatosis and 
steatohepatitis is 46% and 12%, respectively, and rising.”*” 
Simply due to the volume of patients with NAFLD, efficient risk 
stratification is critical to contain healthcare costs. To that end, 
several strategies are available to clinicians. A sample testing strat- 
egy is shown in Fig. 8-4. 

‘The best-studied indices of hepatic fibrosis are relatively simple. 
The NAFLD fibrosis score (NFS), FIB-4, and APRI have been 
thoroughly validated in this population.”'” Shah etal., for 
example, utilized the NASH Clinical Research Network to 
compare several fibrosis markers in a prospective US cohort of 
541 adults.'°’ In this study, the FIB-4, NAFLD fibrosis score, and 
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NAFLD 
No Yes 
Yes 
NFS VCTE VCTE MRE 
or FIB-4 (M probe) (XL probe) 
Biopsy if 


indeterminate 


e Fig. 8-4 Noninvasive evaluation of fibrosis in patients with nonalco- 
holic fatty liver disease (NAFLD). This schematic applies the general 
noninvasive testing philosophy presented in Fig. 8-1 to patients with 
NAFLD highlighting the effect of body mass index (BMI) on decision- 
making, as well as the most-validated serologic tests, the NAFLD Fibrosis 
Score (NFS) and Fibrosis-4 (FIB-4). MRE, Magnetic resonance elastogra- 
phy; VCTE, vibration-controlled elastography. 


APRI yielded AUROC for the diagnosis of advanced fibrosis of 
0.80, 0.77, and 0.73, respectively. In a population with a 10% 
prevalence of advanced fibrosis, a FIB-4 cutoff of 1.3 had an NPV 
of 96%. The NFS has similar test characteristics. In the landmark 
validation study of 733 patients, a cutoff of —1.455 had an NPV 
of 88% for excluding the presence of advanced fibrosis with an 
AUROC of 0.84.” The validity of a FIB-4 cutoff of 1.3 and 
NAFLD fibrosis score of —1.455 have been reproduced in mul- 
tiple settings.'°'°° 

Diagnostic tests using proprietary algorithms such as FibroTest 
and FibroMeter have been evaluated in NAFLD. However, these 
tests do not appear to add much incremental value over algo- 
rithms using basic indices.'°’ There is evidence from a study of 
225 patients that FibroMeter may result in a lower misclassifica- 
tion rate for patients with F3 fibrosis than the NFS, but both 
perform equally well for detection of cirrhosis.” Unfortunately, 
false negatives are common, with most tests possessing sensitivities 
no greater than 85% for advanced fibrosis. ‘°° 

Experience with VCTE for patients with NAFLD is growing. 
In the largest prospective study of VCTE in NAFLD to date, 
Wong et al. prospectively examined patients from China and 
France. A 10.3-kPa cutoff for cirrhosis yielded a 99% NPV and 
a 46% PPV.” Given the effect of BMI on VCTE performance, 
valid concerns exist regarding the role of VCTE in morbidly obese 
patients with NAFLD." For these reasons, one must choose 
the correct probe and use the XL probe if the M probe results in 
a VCTE failure.” Even with the XL probe, however, the risk of 
VCTE failure is increased for patients with a BMI greater than 
30 kg/m?°.'” Beyond failed examinations, while the NPV is very 
high, there is a substantial risk for false-positive results. In one 
study by Petta et al., false-positive results were more common 
among patients with FO-F1 fibrosis and steatosis greater than or 
equal to 66% compared to those without significant steatosis 
(23.6% vs.14.9%).'°° These results have been reproduced in an 
U.S. cohort.'°** However, roughly 1 in 4 U.S. patients have unreli- 
able VCTE examinations with the M-probe. Further research is 
needed to validate the use of the XL probe in this setting. 


As with other diseases, there is likely to be significant value in 
combining multiple tests. In their prospective trial, Petta et al. 
validated the combination NFS/VCTE strategy in two Italian 
cohorts. This strategy was superior to either test alone, as well as 
to the FIB-4 and its combination with NFS or VCTE. Combined 
NFS/VCTE (with LSM cutoffs of 7.9 kPa and 9.6 kPa to rule in 
and rule out advanced fibrosis) yielded a 0% false-positive and 
7.3% false-negative rate.'° In a study comparing multiple risk 
stratification strategies (VCTE alone, NFS alone, liver biopsy, and 
combined NFS/VCTE), we found that the NFS alone was the 
most cost-effective, but only marginally more so than the com- 
bined NFS/VCTE strategy.” 

A promising tool that can be combined with VCTE is CAP. 
CAP allows for estimation of steatosis. This tool uses the same 
radiofrequency data as VCTE and is only appraised if the LSM 
acquisition is valid.°' In the largest study of CAP, the AUROC 
values for the diagnosis of steatosis in excess of 10%, 33%, and 
66% were 0.79, 0.84, and 0.84, respectively.” The performance 
is comparable in patients with HCV with an AUROC of 0.80, 
0.86, and 0.88, respectively, for the three stages of steatosis.''° 
MRE may emerge as an optimal tool as MRI can provide struc- 
tural information about the liver, while MRE may provide a fibro- 
sis risk assessment for patients who are not VCTE candidates. The 
available supporting data, however, are limited. In one prospective 
study of 102 patients, the AUROC for fibrosis stage by MRE was 
0.957 where a cutoff of 3.64 kPa would correctly classify 90.2% 
of patients as having advanced fibrosis or not.’ '' 

One study has examined the role of noninvasive indices of 
fibrosis and long-term outcome. Angulo et al. evaluated the NFS, 
APRI, and FIB-4 in a multinational, multicenter cohort of 320 
patients with NAFLD followed for up to 9 years.''* The NFS 
performed best for the prediction of liver-related complications 
and death/transplantation with respective AUROCs of 0.86 and 
0.70. Compared with low-risk scores for each index, high-risk 
NFS scores were associated with HRs of 34.2 and 9.8 for com- 
plications and mortality, respectively. The HR values for APRI 
and FIB-4 were 20.9 and 3.1 (APRI) and 14.6 and 6.9 (FIB-4). 


Cholestatic Diseases 

Experience with noninvasive evaluation of liver disease amongst 
the cholestatic diseases is somewhat limited. The first report by 
Corpechot et al. on serologic indices disclosed fair efficacy for 
determination of advanced fibrosis for patients with primary 
biliary cholangitis (PBC) using APRI and FIB-4; the AUROCs 
were 0.86 and 0.83, respectively. The AST/ALT ratio was not 
effective (AUROC 0.66). As will be discussed, VCTE was clearly 
superior to these markers in the setting of PBC.''’ In 2014, this 
group followed up with a study of patients with primary sclerosing 
cholangitis (PSC) and confirmed that these trends with APRI and 
FIB-4 fared well, but AUROC for advanced fibrosis was signifi- 
cantly lower than that for VCTE (0.81 and 0.75 vs. 0.93).''* The 
proprietary tests have not been evaluated in the cholestatic liver 
diseases in any large cohorts. 

VCTE is the best-studied noninvasive approach to the evalu- 
ation of fibrosis and histologic stages in chronic cholestatic 
diseases. Since their original report," Corpechot et al. have deter- 
mined that the optimal cutoffs for patients with PBC and advanced 
fibrosis or cirrhosis are 10.7 and 16.9 kPa, with respective 
AUROCs of 0.95 and 0.99.''° A group from Spain evaluated 
VCTE in a smaller cohort and found slightly higher cutoffs (14.7 
kPa for F3 or greater and and 15.6 kPa for F4 fibrosis).''° When 
Corpechot et al. examined the role of VCTE in patients with 
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PSC, the optimal cutoffs were 9.6 kPa and 14.4 kPa for respective 
AUROCSs of 0.83 and 0.88." 

Fortunately, there is increasingly robust data regarding the role 
of noninvasive metrics in the prediction of long-term outcomes 
for patients with cholestatic liver disease. Among the simplest tests 
available, there is some data that both alkaline phosphatase and 
bilirubin levels are associated with long-term outcomes for patients 
with PBC.'"’ In their meta-analysis of longitudinal studies com- 
prising more than 4800 patients, Lammers et al.''”* found that 
84% of patients with alkaline phosphatase levels less than 2.0 
times the upper limit of normal (ULN) survived for 10 years, 
while 62% with levels greater than 2.0 times the ULN survived 
for 10 years. Similarly, of patients with bilirubin levels less than 
ULN, 86% survived for 10 years after study enrollment compared 
to 41% of those with bilirubin greater than ULN. 

Beyond simple markers of cholestasis, Trembling et al. exam- 
ined the role of APRI in long-term prognostication for patients 
with PBC. Adjusting for such clinical factors as the presence of 
cirrhosis, baseline APRI was associated with a per-unit HR of 1.95 
for transplant-free survival. The association of APRI and death or 
transplant performed best with a dichotomous cutoff of 0.54 in 
their cohort of more than 1000 patients.''® In their study of 
VCTE for patients with PSC, Corphecot et al. followed 130 
patients longitudinally and found that a one-time measurement 
of 18.5 kPa had an NPV and PPV of 93% and 57%, respectively, 
for overall survival. Furthermore, an annual increase of 1.3 kPa 
predicted adverse events with an NPV and PPV of 97% and 36%, 
respectively. |“ 


Alcoholic Liver Disease 


‘The data regarding the role of noninvasive metrics are very limited 
for patients with alcoholic liver disease (ALD). The principal 
problems with simple indices in this setting are that alcohol 
use itself causes a relative elevation in AST and a decrement in 
platelet count. The APRI, for example, performs very poorly for 
these patients with an AUROC of 0.43 for advanced fibrosis.'’” 
Active alcohol intake is also often associated with an intense 
inflammatory insult resulting in elevated LSMs that resolve with 
abstinence. ?™!?! 

Of the proprietary indices, FibroTest has been evaluated 
twice! ™!?? and FibroMeter and HepaScore once.'™” FibroTest 
yields an AUROC of 0.85 to 0.95 for cirrhosis and performs best 
with a cutoff of 0.7.''”'” Few studies have assessed VCTE in this 
setting and all have a considered prevalence of advanced fibrosis, 
suggesting selection bias.'*’ Of the two largest cohorts, one found 
that cutoffs for advanced fibrosis and cirrhosis of 11 kPa and 19.5 
kPa yielded AUROCs of 0.9 and 0.92'", while the other found 
cutoffs of 12.9 kPa and 22.6 kPa for AUROCs of 0.94 and 
0.87.'* In the one study to evaluate VCTE against FibroTest, 
FibroMeter, and HepaScore, VCTE outperformed all three. Fur- 
thermore, adding any serologic test to VCTE did not improve its 
discriminatory power." 
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Other Liver Diseases 


The data regarding the role of noninvasive testing for fibrosis are 
limited for the remaining liver diseases. Furthermore, the role of 
noninvasive testing, in and of itself, is not clear for patients with 
autoimmune hepatitis given the importance of the histologic 
assessment of inflammation.” Data regarding the performance 
of serologic tests and VCTE are available but limited to small 
cohorts for Wilson disease.'”° The same is true for hemochroma- 
tosis. ?™! A recent study suggested that, using VCTE, an LSM 
less than 6.4 kPa has a 100% NPV, while LSM greater than 13.9 
kPa has a 100% PPV.’ 


SUMMARY 


Recent Progress 

e The paradigm of noninvasive liver disease evaluation has shifted the 
focus from staging fibrosis to trichotomizing patients into low, 
indeterminate, and high risk for advanced liver disease. 

e Multiple validated serologic and imaging options are available for 
Clinicians and patients seeking alternatives to liver biopsy. 

e Noninvasive assessments of liver fibrosis have been shown to correlate 
with important clinical outcomes. 


Key Knowledge Gaps 

e The optimal noninvasive tests for nonalcoholic fatty liver disease and 
alcoholic liver disease remain to be determined. 

e The optimal frequency for longitudinal assessments in patients 
managed exclusively with noninvasive evaluations is unknown. 


Future Directions 

e Studies are needed to determine the effect of viral eradication on the 
prognostic value of noninvasive assessments in patients with HCV 
infection. 

e Studies combining accurate markers for fibrosis and necroinflammation 
are needed for patients with NAFLD. 


Conclusion 


Noninvasive testing is now a clinically recognized option for the 
evaluation of liver fibrosis and has changed the diagnostic approach 
to staging liver disease. The clinician needs to be able to interpret 
these tests singly and in combination depending on the etiology 
of the liver disease and the clinical questions to be asked. Future 
research will focus on understanding the best applications of 
noninvasive testing for prediction of clinical outcomes and 
responses to treatment. 
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ABBREVIATIONS 


ABC ATP-binding cassette 

ALT alanine aminotransferase 

AP alkaline phosphatase 

BRIC benign recurrent intrahepatic cholestasis 
BSEP bile salt export pump 

DILI drug-induced liver disease 

GGT y-glutamyl transferase 

GWAS genome-wide association study 

HCC hepatocellular carcinoma 

HLA human leukocyte antigen 

ICP intrahepatic cholestasis of pregnancy 
LPAC low phospholipid-associated cholelithiasis 
LT orthotopic liver transplantation 

MDR multidrug resistance 

MHC major histocompatibility complex 

NASH nonalcoholic liver disease 

PBED partial biliary external diversion 

PCR polymerase chain reaction 

PFIC progressive familial intrahepatic cholestasis 
SLC solute carrier 

WD Wilson disease 


Introduction 


In recent decades technologic advances have expanded our knowl- 
edge about the genetic determinants of liver diseases.' From a 
disease point of view, genetic tests for liver diseases can be divided 
into two distinct groups: (1) diagnostic tests for monogenic dis- 
eases and (2) assessment of polygenic (complex) disease predispo- 
sition (susceptibility tests).” With respect to technology, genetic 
testing is based on (1) genotyping single variants, (2) genotyping 
multiple variants, (3) gene sequencing (e.g., resequencing chips), 
or (4) next-generation sequencing (e.g., exon or whole-genome 
sequencing). Based on these classifications, genetics-based diag- 
nostics can be classified as illustrated in 1 


Monogenic Liver Diseases 


Hereditary Hemochromatosis 


The first genes of monogenic diseases with predominant liver 
phenotypes that were mapped and cloned were the Wilson disease 


gene ATP7B (1993) and the hemochromatosis gene HFE (1996; 

ig. 9-1). The Wilson disease gene was localized by linkage dis- 
equilibrium and haplotype analysis in more than 100 families. 
Functional studies demonstrated that it encodes a P-type ATPase 
gene with metal binding regions similar to those found in pro- 
karyotic heavy metal transporters.* Building on this discovery, 
subsequent studies were able to determine previously unknown 
aspects of copper transport and the pathophysiology of Wilson 
disease. Using a similar strategy 3 years later, the HFE gene in the 
extended major histocompatibility complex (MHC) was shown to 
be mutated in patients with autosomal-recessive hemochromato- 
sis.” Furthermore, additional types of non-HFE hereditary hemo- 
chromatosis were subsequently described, linked to mutations 
in the ferroportin gene (SLC40A1),°” the transferrin receptor 2 
gene (7FR2),° the hepcidin gene (HAMP),’ and the hemojuvelin 
gene (H/V),'° respectively. These genetic discoveries jointly paved 
the way for the characterization of hepatic iron metabolism and 
its regulators, allowing for dissection of mechanisms responsible 
for the development of liver disease in hereditary hemochroma- 
tosis." Ferroportin disease (non-HFE hemochromatosis type 4) 
is characterized by predominant reticuloendothelial cell (and not 
hepatocyte) iron overload.” Because in clinical practice non-HFE 
hemochromatosis types are very rare, genetic testing always starts 
with HFE mutation detection. Because significant hepatic iron 
accumulation without environmental factors is only observed 
in patients who are homozygous carriers of the HFE mutation 
p-C282Y,"* it is necessary and sufficient to start genetic testing 
with this specific mutation, which accounts for approximately 
95% of patients with hereditary hemochromatosis in populations 
of European descent. Here, approximately 1 in 260 individuals 
is a homozygous carrier of the mutation, and marked variations 
in p.C282Y risk allele frequencies have been reported, ranging 
from 12.5% in Ireland to 0% in Southern Europe.’ This is also 
reflected in the algorithms (see ) of current guidelines. 
In contrast, the second common HFE mutation p.H63D and 
compound heterozygosity (p.C282Y/p.H63D) do not cause a 
significant disease risk per se.” Also, p.C282Y heterozygosity does 
not confer an increased risk for more advanced chronic liver 
disease, except for porphyria cutanea tarda. 


Wilson Disease 


Wilson disease shows a different genetic profile, with extensive 
allelic heterogeneity with more than 500 mutations described in 
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TABLE 
ei Genetic Testing: Classification and Technology 


Monogenic liver disease x X x (x) 

Polygenic (complex) liver disease X x (x) 

Ferritin? TABLE i i , , ; 

Men > 300 pg/L, women > 200 pg/L Pee Diagnostic Scoring System for Wilson Disease 
j 
Check: Alcohol? | Biochemistry Score 
Metabolic ere Liver copper content (in the absence of cholestasis) 
T 5 a. 5 Normal (<50 ug/g of dry weight) -1 
ransferrin saturation > 45% | <5 times ULN (50-250 pg/g of dry weight) +1 
V >5 times ULN (>250 ug/g of dry weight) +2 
Rhodamine stain* 
Absent 0 
Ferritin < 1.000 pg/L Ferritin > 1.000 g/L cresent í 
| | Serum ceruloplasmin 

Normal (>20 mg/dL) 0 


Liver biopsy/ 10-20 mg/dL +1 
ù elastography <10 mg/dL +2 


e Fig. 9-1 Algorithm for the diagnostic management of hereditary 


Daily urinary copper excretion 


hemochromatosis. 
Normal 0 
1-2 times ULN +1 
>2 times ULN +2 
the ATP7B gene to date. For this reason, there is a need for gene Noma but 9, Unies Water Eer ua 
sequencing and variant analysis to obtain genetic support for the Clinical Symptoms and Signs Score 
diagnosis. Hence, genetic testing represents one part of the cir- Kayser-Fleischer rings PR 
cumstantial evidence (Table 9-2) that is needed to establish the Absent 0 
diagnosis of Wilson disease. '® "7 Present + 
œ-Antitrypsin Deficiency Coomb’s negative hemolytic anemia 
: : : : Absent 0 
The recommended screening test for 0.,-antitrypsin deficiency presen s 
is the determination of 0,-antitrypsin serum concentrations. "* 
Indications to screen for Ot,-antitrypsin deficiency are jaundice Neuropsychiatric symptoms suggestive of WD and/or 
in newborns, growth retardation, severe chronic obstructive lung typical brain magnetic resonance imaging 
disease and emphysema before the age of 50 years (and in non- Absent 0 
smokers), unexplained chronic liver disease, cirrhosis, or hepato- Mig =i 
cellular carcinoma. As a next step, patients with decreased serum eaa ae 
concentrations are tested for the two most common mutations in ATP7B genetic analysis 
the SERPINAI gene (p.E342K and p.E264V). These mutations No mutation found 0 
are denoted PiZ and PiS (Pi = protease inhibitor) for historical Mutation on one chromosome +1 
reasons, with the letters referring to the letters of the protein Mutation on both chromosomes +4 


bands: the anodal variants were designated from B to L, and vari- 


: A x PCT, Penicillamine challenge test. 
ants cathodal to PiM (medium) were designated from N to Z. e 


From Nicastro E, et al. Reevaluation of the diagnostic criteria for Wilson disease in children 


‘The interpretation of genetic tests results is hampered by the fact with mild liver disease. Hepatology 2010:52:1948-1956. 
that there is no clear separation but a gradient from normal to A score of greater than or equal to 4 indicates diagnosis is highly likely, a score of 2 to 3 
abnormal findings (Table 9-3). In contrast to HFE mutations, the indicates diagnosis is possible and more testing needed and score of O to 1 indicates 


diagnosis is unlikely. 


heterozygous state appears to confer an increased risk for chronic a ; 
*When quantitative copper is not available. 


liver disease, and the extent of PiZ deposits correlates with the 
inflammatory activity and the stage of fibrosis.” The respiratory 
disease is highly penetrant, whereas neonatal cholestasis is seen 
in only 10% to 15% of p.E342K homozygotes; the cause of 
the reduced penetrance seen in this liver phenotype is yet to be 
explained.’® 


CHAPTER 9 Molecular and Genetics-Based Diagnostics 


TABLE 
ecm SERPINA1 Gene Mutations and Corresponding @,,-Antitrypsin Serum Concentrations 


PiMM p.£264+p.£342 92 1.30 Normal Normal 
PIMS p.E264V 4.2 1.09 Normal Normal 
PiMZ p.E342K 1.9 0.81 Normal Normal 
PiSS p.264V 0.05 0.85 20-50% T 
PiSZ p.E264V-+p.E342K 0.04 0.56 50-70% T 
PiZZ p.342K 0.01 0.32 70-100% T 
PiNullNull e.g., p.1192N rare 90-100% Normal 


TABLE 
Genetic and Biochemical Characteristics of PFIC Types 1-3 and Associated Clinical Phenotypes 


Type 1 (Byler syndrome) 2 3 
Gene ATP8B1 (FIC1) ABCB11 (BSEP) ABCB4 (MDR3) 
Transport Phosphatidylserine Bile salts Phosphatidylcholine 
Phenotypes Biliary cirrhosis Neonatal giant cell hepatitis Biliary cirrhosis with ductular proliferation 
BRIC type 1 Biliary cirrhosis Gallstones (LPAC) 
Extrahepatic manifestations: BRIC type 2 ICR 
malabsorption, pancreatitis, ICP Cholangiocarcinoma (CCA) 
deafness, pneumonia Gallstones HCC 
Drug-induced cholestasis 
HCC 
p.I661T in 45% of BRIC patients p.E297G and p.D482G in 60% of European patients 
y-GT Low Low Elevated 
Therapy Liver transplantation (LT) PEBD Ursodeoxycholic acid 


Partial external biliary diversion (PEBD) LT 


LT 


ABC, ATP-binding cassette; BRIC, benign recurrent intrahepatic cholestasis; BSEP bile salt export pump; HCC, hepatocellular carcinoma; /CP intrahepatic cholestasis of pregnancy; L7, orthotopic liver 


transplantation; MDR, multidrug resistance; PBED, partial biliary external diversion. 


Cystic Fibrosis-Associated Liver Disease 

Since its discovery in 1986, more than 2000 mutations of 
the CFTR gene encoding an ATP-dependent chloride channel 
(cystic fibrosis transmembrane conductance regulator) have been 
described.” The most common mutation results in deletion of 
phenylalanine at amino acid position 508. One copy of the AF508 
mutation is present in 70% of cystic fibrosis patients and is the 
predominant mutation in Europe and North America.”*”' The 
most frequent hepatobiliary manifestations encompass biliary cir- 
thosis, microgallbladder, cholelithiasis, and sclerosing cholangi- 
tis.”! They occur almost exclusively in patients with severe class 
I-III mutations” affecting CFTR synthesis, processing, or regula- 
tion. The identification of specific mutations is indicated, because 
genotyped-guided therapy of lung disease in cystic fibrosis has 
been established.” It remains unclear why only a minority of 
patients with the same severe CFTR mutations develop liver 
disease. Several factors have been found to be associated with 


hepatobiliary manifestations, including age at diagnosis, male 
gender, history of meconium ileus, and pancreatic insufficiency. 
Notably, the o4)-antitrypsin p.G342K allele (PiZ) is associated 
with cystic fibrosis-related liver disease (odds ratio [OR] = 4 for 
the development of portal hypertension).” 


Familial Intrahepatic Cholestasis 

Several cholestatic syndromes are monogenic diseases. Genetic 
testing is based on sequencing all exons and exon-intron boundar- 
ies of candidate genes. The exception to this rule is progressive 
familial intrahepatic cholestasis (PFIC) type 2, where 60% of 
patients of European origin carry one of the two more frequent 
founder mutations p.E297G and p.D482G**”® (Table 9-4). 

A prominent example of a monogenic cholestatic disease in 
infancy and childhood is Alagille syndrome. It is characterized 
by cholestasis with pruritus and ductopenia in combination with 
various extrahepatic stigmata and symptoms indicating multiorgan 
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involvement as a consequence of functional variants in JAGJ, a 
NOTCH ligand, which are observed in 90% of patients.” 
However, the resulting phenotype can vary widely, highlight- 
ing the complexity of gene X environment interactions. Kamath 
et al.” reported monozygotic twins with Alagille syndrome who 
were concordant for a mutation in JAGI, but discordant for 
clinical phenotypes. One twin had severe pulmonary atresia with 
mild liver involvement, whereas the other had tetralogy of Fallot 
and severe hepatic involvement that required liver transplantation. 
Resequencing of the gene detects only 88% of JAGI mutations, 
whereas the others carry deletions that can only be detected by 
fluorescence in situ or comparative genomic hybridization and 
PCR. In addition, NOTCH2 mutations can also cause Alagille 
syndrome, but they are responsible for less than 1% of cases.” 

Progressive familial intrahepatic cholestasis (PFIC) types 1 to 
3 is confirmed by detection of functional variants in the hepato- 
biliary transporter ATP8B1 (PFIC type 1), ABCB11 (PFIC type 
2) and ABCB3 (PFIC type 3) genes and the tight junction protein 
(TJP) 2 (PFIC type 4).”°*' Table 9-4 summarizes the gene 
defects causing the three PFIC subtypes in children and the cor- 
responding benign recurrent intrahepatic cholestasis (BRIC) syn- 
dromes in adults.***° BRIC is characterized by acute episodes of 
cholestasis, jaundice, and severe pruritus caused by unknown 
factors (e.g., hormones, drugs, or infections), which after weeks 
or months completely resolve to start again after an asymptomatic 
period of months to years. As with PFIC1, BRIC1 may be accom- 
panied by pancreatitis, whereas BRIC2 is associated with gallblad- 
der stones.” Liver fibrosis has been described in cases of BRIC, 
indicating a continuum between BRIC and PFIC in some cases.” 
Differential diagnosis, phenotypic heterogeneity, and incomplete 
penetrance of these simple diseases provide examples for the 
genetic complexity of monogenic liver diseases. 

In these monogenic cholestatic disorders, sequence analysis of 
the complete gene, comprising the coding region, flanking splice 
sites and possibly the regulatory region is recommended. A com- 
prehensive overview of genetic variants in patients with PFIC2 
described a total of 82 different ABCB// mutations in 109 fami- 
lies.” In an initial attempt to dissect the genotype-to-phenotype 
challenge, Strautnieks et al.” found that variants resulting in 
protein truncation confer the highest risk for developing cancer 
(hepatocellular carcinoma or cholangiocarcinoma), whereas some 
missense mutations still showed residual ABCB11 immuno- 
staining. The wide spectrum of functional abnormalities ranges 


TABLE 
Pam Classification of ABCB4 Missense Variants Associated With PFIC3 
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from severe truncation by a premature stop codon, resulting in a 
total absence of ABCB11 protein, to preferential exon splicing or 
skipping. Partial degradation or retention of misfolded protein in 
the endoplasmic reticulum and nonsense-mediated RNA decay 
are mechanisms inside the cell that reduce the amount of protein 
available at the basolateral membrane. Recently, ABCB4 variants 
have been classified as follows”: (I) nonsense variants; (II) mis- 
sense variants that primarily affect maturation; (III) activity; or 
(IV) stability; and (V) variants without detectable effect (Table 
9-5). The possibility to release misfolded ABC transporters from 
retention in the ER by treatment with chaperones such as 
4-phenylbutyrate has been considered and shown to ameliorate 
PFIC in specific cases.”* 

Clinical-chemical tests may help to decide which transporter 
gene to start sequencing with (Fig. 9-2). In PFIC1 and PFIC2, 
the elevation of serum aminotransferase activities, bilirubin and 
bile acid concentrations is contrasted by low activities of y-GT 
(see Table 9-4). Whereas PFIC3 is also usually distinguishable 
from PFIC1 and PFIC2 by increased y-GT activities (due to the 
aggressive action of nonmicellar bile acids); differential diagnosis 
is more demanding when distinguishing between the two latter 
types. Pawlikowska et al.” and Davit-Spraul et al.“° indicate that 
a predominant cholestatic pattern (AP/ALTT) points to PFIC1, 
whereas elevated aminotransferase activities (ALT/AP7) indicate 


Yes Extrahepatic symptoms, [Yes = : 
dysmorphic facies -— Alagille syndrome 


No 
v 
Genotyping of ABCB71 “hot spot” ABCB4 
mutations p.E297G + p.D482G sequencing 
Absent Present 
} 
Exome 
sequencing 
PFIC 1/2 PFIC 2 PFIC 3 


e Fig. 9-2 Algorithm for the diagnosis of PFIC subtypes. 


Defect Maturation Activity Stability No detectable defect 
Variants Nonsense p.1541F p.S346l p.T424A p.R652G 
Frameshift p.L556R p.F357L p.N510S p.1175A 
Deletions p.Q855L p.P726L 
p.1775M 
p.G954S 
Potential therapy (likely to be Pharmacologic Nuclear receptor agonists Nuclear receptor agonists 
tested in association with chaperones (e.g., (e.g., fibrates, obeticholic (e.g., fibrates, obeticholic 
ursodeoxycholic acid) cyclosporine) acid), statins acid), statins 


From Delaunay JL, et al. A functional classification of ABCB4 variations causing progressive familial intrahepatic cholestasis type 3. Hepatology 63:1620-1631, 2016. 


TABLE 


ewe Hereditary Hyperbilirubinemias 
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Gene defect UGT1A1 promoter UGTIA1 UGT1A1 (partial defect) ABCC2 SLCO1B1 + SLCO1B3 
(A[TA]7TAA) (combined defect) 

Prevalence Common (2-7%) Rare Rare Rare Very rare 

UGT1A1 activity J (60-70%) 0 IW (<10%) Normal Normal 


Serum bilirubin 


T, unconjugated, 


TTT, unconjugated, 


TT, unconjugated, 


T, conjugated, 


T, conjugated, 


<70 umol/L 340-860 umol/L <340 umol/L 30-90 umol/L 30-90 umol/L 
Age at manifestation Early adulthood, Neonatal First year to second Variable, mostly second Variable, childhood 
men > women decade decade 
Prognosis Very good Poor (Kernicterus) Moderate Good Good 
Histology Normal (lipofuscin) Normal Normal Black lysosomal Normal 
Pigment (polymerized 
metanephrines) 
ABC, ATP-binding cassette; SLC, solute carrier, UGT, UDP glucuronosyl transferase. 
ABCB11 deficiency (PFIC2). Immunohistochemistry for trans- Irinotecan 
porters can also be helpful to verify PFIC in individual cases, Carboxylesterase 
because complete absence of the respective protein is diagnostic. 
Hereditary Hyperbilirubinemias 
The most common type of hereditary unconjugated hyper- Dose of drug Dose of drug 
bilirubinemia is Gilbert syndrome (sometimes called Gilbert- 
NA f : sh UGT1A7 ae 
Meulengracht syndrome), which is characterized by recurrent mild Toxicity UGTIAI Toxicity 


hyperbilirubinemia without chronic liver injury (Table 9-6). It is 
caused by the insertion of a seventh TA in the TATA box within 
the promoter of the UGTA] gene encoding the UDP glucurono- 
syltransferase 1 that results in lower expression.“' This variant also 
increases the polygenic risk of gallstones (which often have a bili- 
rubin nidus) in general,”“’ and in hereditary hemolytic anemias 
and cystic fibrosis in particular.“ The Gilbert polymorphism is 
also associated with the decreased glucuronidation activity of an 
active metabolite of irinotecan (Fig. 9-3) and has been shown to 
be a predictive factor for irinotecan toxicity.“ Hence, a reduction 
in the starting dose should be considered for patients known to 
be homozygous for the Gilbert variant. 

More severe mutations of the UGTIAI gene cause Crigler- 
Najjar syndrome’®: type 1 in children is characterized by complete 
absence of enzyme activity; type 2 is caused by partial inactivation, 
hence patients may also present in adulthood, and the enzyme 
can be induced with phenobarbital (see Table 9-6).*” 

‘The two rare types of hereditary conjugated hyperbilirubine- 
mia are caused by mutations of hepatic transport proteins (see 
Table 9-6). Deficiency of the canalicular ATP-dependent bilirubin 
export pump ABCC2 causes Dubin-Johnson syndrome.** Disrup- 
tion of hepatic reuptake and “hepatocyte hopping” of bilirubin 
glucuronide (due to coexisting SLCO1B1 and SLCO1B3 defi- 
ciencies) explains Rotor syndrome.“ Because multiple drugs are 
also substrates of these transporters, ABCC2 and SLCO mutations 
are also risk factors for drug-induced liver injury (DILI, e.g., by 
methotrexate). In particular, the common SLCOJB/ mutation 
p-V174A confers risk for statin toxicity and myopathy.” 


Intestine Bone marrow 


SN-38 + Glucuronide 


e Fig. 9-3 Gilbert syndrome and toxicity risk in irinotecan therapy. The 
active metabolite, SN-38, is detoxified and eliminated after conjugation by 
UGT1A1 and 1A7. Reductions of UGT1A1 and 1A7 activity lead to 
increased toxicity. Glucuronidated SN-38 can be deconjugated by bacte- 
rial glucuronidases in the gut. (From Strassburg CP. Gilbert-Meulengracht’s 
syndrome and pharmacogenetics: is jaundice just the tip of the iceberg? 
Drug Metab Rev 2010;42:168-181.) 


Whereas the Gilbert polymorphism and the SLOCIBI muta- 
tion p.V174A can easily be genotyped by standard assays, genetic 
diagnosis of the other rare syndromes is based on resequencing of 


the UGTIA1, ABCC3, SLCOIBI, and SLCO1B3 genes. 


Polygenic Liver Diseases 


Intrahepatic Cholestasis of Pregnancy as Example 


Intrahepatic cholestasis of pregnancy (ICP) has a complex etiology 
with a significant genetic component. In PFIC3, the observation 


SECTION Il 


Decompensated 
biliary cirrhosis 


PFIC3 


Mild chronic Ene 


cholangiopathy 


“Mild”/heterozygous 
variants 


“Severe”/homozygous 


j i 
mutations 


e Fig. 9-4 The phenotypic gradient of ABCB4 deficiency. Variations in 
severity of disease manifestation are observed with different genotypic 
variants in the ABCB4 gene encoding the hepatobiliary phosphatidylcho- 
line transporter. Heterozygous ABCB4 variants encompass mild pheno- 
types, whereas homozygous deficiency leads to more severe diseases 
(i.e., biliary cirrhosis and chronic liver failure). ICP Intrahepatic cholestasis 
of pregnancy; LPAC, low phospholipid-associated cholelithiasis; PFIC, 
progressive familial intrahepatic cholestasis (From Hirschfield GM, et al. 
The genetics of complex cholestatic disorders. Gastroenterology 2013; 
144:1357-1374.) 


that the mothers of children suffering from this disease had an 
increased likelihood for ICP provided a first clue that variants in 
the same genes confer susceptibility for ICP (see Table 9-4). 
Functional variants causing severe functional impairment when 
present in homozygous form in PFIC3 children could be demon- 
strated in women with ICP.’ A candidate gene study in 563 ICP 
cases confirmed a key role for common variation around the 
ABCB4 and ABCB11 loci.” 

The spectrum of ABCB4-associated diseases illustrated in Fig. 
9-4 shows that severe functional variants causing PFIC3 can be 
described as the tip of the iceberg when it comes to the genetic 
background of cholestasis.” Whereas severe/homozygous ABCB4 
mutations cause PFIC3 in children, mild and/or heterozygous 
variants represent genetic risk factors (see Table 9-5) that together 
with other factors, such as hormones, drugs, or infections, confer 
an increased risk not only for cholestasis, but for biliary fibrosis 
and cholelithiasis.’ Part of this spectrum is also the low 
phospholipid—associated cholelithiasis (LPAC) syndrome that 
occurs in patients younger than 40 years of age; biliary phospha- 
tidylcholine deficiency leads to intrahepatic and extrahepatic 
cholesterol stones, which cause recurrent symptoms after chole- 
cystectomy and may be prevented by ursodeoxycholic acid.” 


Gallstone Disease 

‘The first genome-wide association study (GWAS) in hepatobiliary 
diseases was performed for gallstone disease and identified the 
variant p.D19H of the hepatocanalicular cholesterol transporter 
ABCG8 as a common susceptibility gene for gallstones world- 
wide.”° Previously rare loss-of-function mutations in this trans- 
porter had been identified to underlie the monogenic disease 
sitosterolemia, which is characterized by unrestricted intestinal 
absorption of both cholesterol and phytosterols such as sito- 
sterol.” The adjacent oppositely oriented ABCG5/G8 genes 
encode two hemitransporters that are localized in the apical mem- 
branes of enterocytes and hepatocytes. These findings illustrate 
the fundamental difference between risk factors in monogenic 
versus polygenic (complex) traits. In sitosterolemia, the mutations 
are sufficient to cause the observed phenotype. For the p.D19H 
risk allele (that confers an odds ratio of approximately 2), interact- 
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wA=)8=3) Selected HLA Associations in Drug-Induced 
wae Liver Injury (DILI) 


Amoxicillin- DQB1*0602 Europe 3-7 
clavulanate DRB1*1501 

Isoniazid DQB1*0201 India 2 

Lapatinib DQA1*0201 Europe 9-14 

Nevirapine DRB1*01 Europe 3 

Terbinafine A*33:01 Europe 40 

Ticlopidine A*33:03 Japan 10-13 

DQB1*0604 


ing genetic and environmental factors determine the risk of gall- 
stone formation (Fig. 9-5).”° 

Genetic testing in gallstone patients and screening of family 
members should be considered in case of carriers of ABCB4 muta- 
tions that substantially increase the risk of gallstone formation and 
recurrence after treatment (Table 9-7). Genetic testing for variants 
of ABCB4 and ABCB]11 is also recommended for patients with 
chronic cholestatic liver disease of unknown etiology.” Gilbert 
syndrome is a common risk factor for gallstones, and the genetic 
test is confirmatory for patients with isolated unconjugated hyper- 
bilirubinemia. Bilirubin gallstones can be caused by single-gene 
mutations known to increase the risk for hemolytic anemias, in 
particular in children (hereditary spherocytosis: ANK1, EPB42, 
SLC4A1, SPTA1, SPTB; sickle cell disease: HBB; thalassemia 
major and intermedia: HBB; erythrocyte enzyme deficiencies: 


AKI, G6PD, GPI, GSR, PGK1, PKLR, TPI1). 


Common ABC Transporter Risk Variants 

The potential role of frequent gene variants in disease predisposi- 
tion is illustrated by the p.V444A polymorphism in the bile salt 
export pump ABCB11, which has been associated with lower 
hepatic expression of the transporter.” Genotyping of this variant 
in patients suffering from various forms of cholestasis has revealed 
a significantly skewed allele distribution, with the risk allele con- 
ferring increased riskin drug-induced cholestasis and contraceptive- 
induced cholestasis and ICP. Hence, the ABCBII p.V444A 
variant represents a common risk factor for cholestasis (without 
causing disease per se), similarly to the Gilbert variant representing 
a common risk factor for hyperbilirubinemia.”” 

Similarly, as shown by large-scale whole-genome sequencing of 
the Icelandic population, the common ABCB4 variant c.711A>T 
represents a general risk factor for elevated aminotransferase activ- 
ity and hepatobiliary diseases (early-onset cholelithiasis, ICP, cir- 
thosis, hepatobiliary cancer).°' Notably, risk is conferred by the 
common wild-type allele, whereas the variant allele is protective. 


Drug-induced Liver Injury 

Drug-induced liver injury (DILI) represents a clinically diverse 
spectrum. Whereas direct hepatotoxicity is defined as dose-related 
liver injury, idiosyncratic liver injury shows an unpredictable 
outcome and is rare. The clinical manifestation of idiosyncratic 
DILI is acute hepatitis or cholestasis, often with hypersensitivity 
syndromes, after a latency period of 20 to 90 days, and to date 


Men 
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Women 


<40 years 


Noncarriers 
12 DH heterozygotes 
E HH homozygotes 


Absolute 10-year risk of gallstone disease (%) 


>60 years 


14 
12 
10 


40—60 years 


14 
12 
10 

8 


6 
4 
2 
0 


14 
12 
10 

8 


6 
4 
2 
0 


<25 25-30 >30 


Body mass index (kg/m?) 


e Fig. 9-5 Absolute 10-year risk for developing gallstone disease as a function of ABCG8 p.D19H geno- 
type (DD, DH, HH), sex, age (<40 years, 40-60 years, >60 years), and body mass index (<25 kg/m’, 
normal weight; 25-30 kg/m’, overweight; >30 kg/m’, obese). (From Stender S, et al. Sterol transporter 
adenosine triphosphate-binding cassette transporter G8, gallstones, and biliary cancer in 62,000 individu- 
als from the general population. Hepatology 53:640-648, 2011.) 


the diagnosis is made by exclusion. The most common drugs that 
cause DILI are amoxicillin-clavulanate, isoniazid, nitrofurantoin, 
trimethoprim-sulfamethoxazole, minocycline, cefazolin, azithro- 
mycin, ciprofloxacin, and diclofenac.” A GWAS for a common 
type of DILI caused by amoxicillin-clavulanate exposure showed 
the strongest finding in the MHC region, with signals localizing to 
human leukocyte antigen (HLA) class I and II genes. Although 
the respective HLA genotypes (Table 9-8) have limited utility as 
predictive biomarkers because of low positive-predictive values, 
they can post hoc serve to assess causality in individual severe 
cases. Because of the very high negative predictive value (>0.95), 
HLA genotyping can exclude liver injury due to specific drugs.” 
Furthermore, the MHC associations point to the involvement of 
adaptive immunity, with pharmacologic interaction between drugs 


and immune receptors or immune reactions to drug-generated 
neoantigens (protein adducts) representing potential pathogenic 
mechanisms causing DILI in susceptible individuals. To date, 
additional GWAS have indicated only limited contribution of 
common genetic variants outside of the MHC to risk of DILI.” 


Chronic Viral Hepatitis 


GWAS have led to the identification of variants in the ZL28B gene 
encoding interferon (IFN)-A3 that are associated with response to 
antiviral (interferon-based) therapy in patients with chronic hepa- 
titis C virus (HCV) infection.®° Additional studies showed that 
these polymorphisms are linked with a diplotype of the previously 
unknown interferon IFN-A4 (/L29)°’ that is induced by HCV 


and leads to IFN-stimulated gene expression; a two—base pair 
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Gene Tests for Liver Diseases 


Monogenic Diseases 


Hemochromatosis HFE p.c282Y 
Wilson disease ATP7B Sequencing 
.,-antitrypsin deficiency SERPINA1 P.E342K (PiZ) 
p.E264V (PiS) 
PFIC ATP8B1, ABCB11, Sequencing 
ABCB4, TJP2 
Gilbert syndrome UGTIA1 A(TA)7TAA 
Crigler-Najjar syndrome UGTIA1 Sequencing 
Dubin-Johnson syndrome ABCC2 Sequencing 
Rotor syndrome SLCO1B1, SLCO1B3 Sequencing 
Polygenic (Complex) Diseases 
ICP ABCB4, ABCB11 Sequencing 
Gallstones ABCG8 p.D19H 
UGT1A1 A(TA)7TAA 
ABCB4 Sequencing 
NASH PNPLA3 p.1148M 
MBOAT7 rs641738 
TM6SF2 p.E267K 
Alcoholic liver disease PNPLA3 p.1148M 
MBOAT7 1s641738 
TM6SF2 p.E267K 
DILI HLA 


DILI, Drug-induced liver disease; /CP intrahepatic cholestasis of pregnancy; NASH, nonalco- 
holic liver disease; PFIC, progressive familial intrahepatic cholestasis. 


insertion or the mutation p.P70S results in loss or reduced activity 
of IFN-A4, respectively.’ In light of the new potent direct 
antiviral agents, the clinical relevance of ZL28B and /L29 gene 
variation has vanished, but it also promotes spontaneous clearance 
of HCV infection among individuals of both European and 
African ancestry; the protective alleles have been positively selected 
in Asian populations due to the high infection prevalence.”””! 
Notably, inosine triphosphatase (J7PA) gene polymorphisms 
(p.P32T and c.8838A>C) that confer enzyme deficiency have 
been associated with protection against hemolytic anemia induced 
by ribavirin, which is still included in antiviral treatment regimens 
for specific subgroups.” 


Fatty Liver Disease 

Fatty liver disease is usually attributed to alcohol or metabolic 
burden, resulting in the terms alcoholic steatohepatitis (ASH) or 
nonalcoholic steatohepatitis (NASH). However, alcohol and envi- 
ronmental factors (physical inactivity, overnutrition) can contrib- 
ute together to liver disease. Interestingly, only a subgroup of 
patients (10-20%) who drink alcohol and/or are overweight 
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develop severe steatohepatitis, advanced fibrosis, and cirrhosis. 
Since 2008, GWAS have led to the identification of a major 
genetic determinant of fatty liver and steatohepatitis and progres- 
sion to fibrosis, cirrhosis and hepatocellular cancer: Romeo et al.” 
identified the amino acid substitution p.1148M of the lipid 
droplet—associated triglyceride lipase PNPLA3 (also termed adi- 
ponutrin) to confer susceptibility to nonalcoholic fatty liver 
disease; Buch et al.” confirmed that the same variant (and two 
additional gene variants; see Table 9-8) is also as an important risk 
locus for alcohol-related cirrhosis (see Table 9-7). In fact, the 
PNPLA3 gene is also associated with serum alanine aminotrans- 
ferase activities.” The PNPLA3 variant p.1148M is highly preva- 
lent in European and American populations (risk allele frequency 
20-50%). Homozygous carriers display a 3-fold risk for liver 
disease and a 12-fold risk for hepatocellular cancer in comparison 
to healthy controls.” Homozygous carriers of this mutation rep- 
resent a subgroup of patients with fatty liver disease in whom 
variant PNPLA3, often in combination with ethanol and Western 
diet, contributes to the development of fatty liver disease, hence 
the name PNPLA3-associated steatohepatitis (PASH) has been 
suggested.” 


Liver Cirrhosis 

Patients with liver cirrhosis are at increased risk for bacterial infec- 
tions and sepsis, which represent a major cause of death in decom- 
pensated cirrhosis. Bacteria are recognized by membrane-bound 
Toll-like receptors (TLR) and intracellular NOD-like receptors 
(NLR), including NOD2, which senses the cell wall component 
muramyl dipeptide of gram-negative bacteria and leads to the acti- 
vation of nuclear factor NF-«B and the release of antimicrobial 
peptides. NOD2 mutations confer susceptibility to Crohn disease 
and are associated with an increased mortality in patients with 
sepsis. In patients with cirrhosis and ascites, Appenrodt et al.” 
demonstrated an association between the three major variants of 
the NOD2 gene and spontaneous bacterial peritonitis (OR 4.3) 
and mean survival (222 vs. 395 days). In addition, SBP has been 
reported to be more frequent in patients with cirrhosis who carry 
risk variants of the TLR2 receptor, which recognizes triacylated 
lipoprotein from gram-positive bacteria.” Taken together, these 
studies indicate that common gene variants linked to impaired 
mucosal barrier function and bacterial translocation might repre- 
sent genetic risk factors for SBP in patients with cirrhosis. 


Next-Generation Sequencing 


With progress in technology, the genetic contributions to liver 
disease that manifest in adulthood have become evident. Very 
recently the first reports have been published that identified caus- 
ative gene variants for inherited syndromes by next-generation 
sequencing of individual patients, for example children with acute 
liver failure and atypical iron disorders.*’*' This technology 
enables parallel analysis of rare variants in genes for both mono- 
genic and complex diseases and can be employed for integrated 
risk analysis. The results of whole-genome sequencing will be 
challenging, because not only has the interpretation of genome 
sequences to take into account the limitations of current meth- 
odology and variant calling, but well-annotated genomic informa- 
tion and teams including specialists in genetics and ethics are also 
needed to provide personalized counseling to patients. 
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SUMMARY 


Recent Progress e Genotype-based therapies have to be developed and tested in 
e The first genetic discoveries identified the major loci for Mendelian liver randomized controlled trials. 
diseases. 
e Many genome-wide studies have identified susceptibility to common liver Future Direction 
diseases. e The dissection of major genetic and environmental risk factors will lead 
e All genetic liver diseases are actually complex with multiple genes to the reclassification of liver diseases. 
contributing to the phenotype. e Our better understanding of genetic etiology will suggest new modes of 
treatment for liver diseases. 
Key Knowledge Gaps e A complete characterization of all molecular contributors to an 
e Genetic tests have to be implemented in diagnostic algorithms and individual's liver disease will allow precise treatment. 


Clinical practice. 
e Most gene variants are yet to be characterized functionally. 
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ABBREVIATIONS 


ALD active liver disease 

BDH cystic bile duct hamartoma 

CT computed tomography 

DWI diffusion-weighted imaging 

FNH focal nodular hyperplasia 

HCC hepatocellular carcinoma 

MRE magnetic resonance elastography 
MRI magnetic resonance imaging 

MRS magnetic resonance spectroscopy 
NASH nonalcoholic steatohepatitis 
T1W T1 weighted 

T2W T2 weighted 

US ultrasonography 


Introduction 


Liver disease is a major public health problem in the United States 
and worldwide. Diffuse liver disease and focal hepatic lesions are 
common problems encountered in clinical practice, and the pres- 
ence or absence of background liver disease impacts the differen- 
tial management of associated focal hepatic tumors. Regardless of 
the presentation, specific characterization of hepatic lesions is 
essential to accurately guide management decisions. 

Medical imaging plays a critical role in the diagnosis and 
staging of diffuse liver disease and focal hepatic lesions. There has 
been an impressive evolution of diagnostic imaging methods in 
recent years, expanding the array of imaging techniques that can 
be used to analyse hepatic disease. Imaging modalities range from 
conventional fluoroscopic studies to nuclear medicine techniques 
to cross-sectional methods based upon ultrasound, computed 
tomography (CT) or magnetic resonance imaging (MRI). Con- 
siderations such as diagnostic accuracy, ease of use, access, and 
cost are all variables that influence the optimum method for 
imaging diagnosis. Due to recent advances in software and hard- 
ware development, MRI has emerged as the leading noninvasive 
diagnostic tool for the assessment of hepatic disease, including 
diffuse liver processes and focal hepatic lesions. 
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Diffuse Liver Disease 


Active Inflammation 


Active liver disease (ALD) can result from several etiologies, 
including idiopathic, drug-induced, viral, alcoholic, and gallstone 
bile duct obstruction'” that lead to active inflammation of various 
degrees and patterns. At this time, MRI is the only imaging tech- 
nique that has shown sensitivity for detection of ALD.’ In MRI, 
the most sensitive images are the postgadolinium, breath-hold, 
T1-weighted, gradient-echo images that are acquired during the 
arterial phase’ (Figs. 10-1 and 10-2). In a recent report, this abnor- 
mal enhancement becomes more marked and can persist into the 
venous and delayed phases as the severity of disease increases and 
can resolve in cases when the active inflammation resolves. ' 
MRI may be used as a diagnostic aid in patients who have 
equivocal liver enzyme elevation and nonspecific symptoms and 
in patients who present with fatty infiltration. Findings that are 
suggestive of ALD (seen as irregular arterial-phase gadolinium 
enhancement) in the setting of fatty liver (seen as signal drop 
on out-of-phase gradient-echo images) are consistent with ste- 
atohepatitis and raise the possible diagnosis of nonalcoholic ste- 
atohepatitis (NASH) (F -3). NASH is believed to represent 
a hepatitis related directly to excess intracellular fat accumulation 
within hepatocytes. This disease has a strong association with 
obesity and a risk of progression to chronic hepatitis (F 
A; 1 -6), fibrosis, and cirrhosis. Given that obesity has 
become an epidemic, the population health concern for NASH is 
high in the United States and increasing in other developed and 
developing nations. MRI has the added value of providing a test 
with greater sensitivity and specificity for detection of fatty liver. 


Chronic Hepatitis and Cirrhosis 


A major complication of chronic hepatitis is cirrhosis.’ In the 
West the most common etiology has been alcohol-induced hepa- 
titis; however, viral hepatitis has become the most common cause 
over the past 20 years and, globally, viral hepatitis remains the 
most common association with chronic liver disease, hepatic 
fibrosis leading to cirrhosis, and hepatocellular carcinoma (HCC). 

The characteristic feature of fibrosis in MRI is progressive 
enhancement of delayed images’ within the fibrotic bands of 
tissue that surround regenerative hepatic nodules. This results 
from leakage of gadolinium contrast agent from the intravascular 
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e Fig. 10-1 Altered liver hemodynamics without active liver disease (from an extrahepatic etiology). 
There is increased T2 signal in and surrounding the pancreas (arrow, A) consistent with acute pancreatitis 
as seen on the T2-weighted images (A, B and C). There is also heterogeneous enhancement (star, 
D and E) of the liver on the postcontrast arterial phase, which normalizes on the venous phase (F). These 
findings are a result of hemodynamic factors released by the pancreas into the portal venous supply to 
the liver. We find this effect on liver perfusion occurs with other inflammatory processes of the digestive 
system. Examples include diverticulitis and active Crohn disease. However, the liver enzymes are com- 
monly normal and no other findings of liver disease or active hepatitis are found in these cases. The liver 
perfusion abnormalities should resolve after resolution of the extrahepatic source of hemodynamic factors. 


e Fig. 10-2 Acute hepatitis. There is periportal edema (arrows) as seen on the T2-weighted images 
without (A) and with fat suppression (B). There is heterogenous enhancement (star, D) of the liver on the 
postcontrast arterial phase (D) with normalization of contrast enhancement, becoming uniform, on the 
postcontrast venous phase (E). These findings are consistent with acute hepatitis in this patient with viral 
hepatitis. 
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e Fig. 10-3 Confluent fibrosis. There is a well-marginated (arrowheads) region of increased signal in the 
central aspect of the liver on the T2-weighted images without (A) and with fat suppression (B). This cor- 
responding region of liver has diminished signal intensity on the precontrast image (C) with uniform 
progressive enhancement on the delayed postcontrast images (D and E), in keeping with confluent 
fibrosis. 


e Fig. 10-4 Chronic liver disease—moderate severity. There is loss of signal intensity of the liver on the 
out-of-phase imaging (A) relative to in-phase imaging (B), in keeping with hepatic steatosis. There is a 
reticular pattern of enhancement on the postcontrast delayed images (arrow, F), most marked along the 
rim of peripheral subcapsular liver in the anterior right lobe, consistent with moderate fibrosis. MR spec- 
troscopy, using a published spectroscopic technique (HISTO), quantifies the liver lipid and iron content (C). 
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e Fig. 10-5 Activity of chronic liver disease—moderate severity. There is increased signal within the 
liver (arrow) on the T2-weighted images without (A) and with fat suppression (B), more marked in the 
areas of most advanced disease involving the right lobe of liver. The central liver and left lobe has less 
advanced disease and is undergoing compensatory hypertrophy—growing in size to develop increased 
function to compensate for the diminished function in the more diseased regions. There is loss of signal 
on the out-of-phase image (D) relative to the in-phase (C) image indicating steatosis. There is mild het- 
erogeneous enhancement (arrowheads) of the liver on the postcontrast arterial phase (D) in keeping with 
active inflammation. There is a reticular pattern (curved arrow) of enhancement on the postcontrast 
delayed-phase image (F), a marker of fibrosis. Overall, these findings are consistent with steatohepatitis 
with coexistent changes of moderately severe chronic liver disease. 


into the interstitial space within the fibrotic regions.’ This is a 
favorable characteristic of the extracellular gadolinium-based con- 
trast agents, which behave much like a histologic stain for fibrotic 
tissues. In delayed interstitial-phase images acquired between 3 
and 5 minutes after gadolinium administration, strong quantita- 
tive correlation between delayed-phase liver enhancement pattern 
and hepatic fibrosis have been reported. The typical patterns of 
hepatic fibrosis include fine reticular and coarse linear patterns, 
with the fibrotic bands outlining foci of regenerative nodules. 
Different innovative MRI techniques are in development for 
quantifying hepatic fibrosis as a surrogate for histologic markers of 
hepatic fibrosis. Uptake of extracellular gadolinium-based contrast 
agents in hepatic fibrosis has been shown to correlate with the 
histologic stage of fibrosis.’ Diffusion-weighted imaging (DWI) 
has been proposed for assessment of hepatic fibrosis. DWI is a 
method for determining relative levels of restriction to the move- 
ment of water in the imaged tissues. In hepatic fibrosis, free 
unbound water should be diminished and the accumulation of 
fibrosis should cause a reduction in the amount of water proton 
diffusion in affected liver tissue. However, DWI is not showing 
reliable and quantitative sensitivity for different stages of fibrosis. 
Magnetic resonance elastography (MRe) is based upon apply- 
ing a displacement pressure externally over the liver, timed to 
trigger phase-sensitive MRI. The group from the Mayo Clinic 
has developed this technique’ and the MRe system is now com- 
mercially available and configured to function on most MRI 


systems. It requires placement of a compression paddle along 
the right upper quadrant of the abdomen, overlying the lower 
right hemithorax. Tubing extends from a speaker placed within 
a closed system outside of the MRI room and connected to the 
compression paddle with tubing that is passed through a wave- 
guide to avoid radio frequency leakage. The driver for the enclosed 
speaker is connected to an external trigger in the MRI equipment 
room to achieve controlled and coordinated triggering of pres- 
sure pulses generated from the speaker with the MRI excitation 
image acquisitions. These acquisitions are based on gradient echo 
producing phase contrast changes from tissue movement that 
can be measured and translated into the colorized wave disper- 
sion maps (Fig. 10-7). By acquiring images with increasing time 
delays over several pressure pulses, the displacement compression 
waves traversing the liver may be determined and the tissue stiff- 
ness measured.’ MRe has been shown to derive stiffness measures 
that correlate with the different stages of fibrosis on histology. It 
should be noted that an analogous technique using ultrasound 
combined with mechanical operator—applied pressure over the 
liver to create the displacement has also been found to correlate 
with tissue stiffness and hepatic fibrosis (see Fig. 10-7). Further 
validation and relative comparison of these techniques remains 
an area of active study. 

Magnetic resonance spectroscopy (MRS) is most commonly 
used to assess signals from hydrogen ('H) and phosphorus (’'P). 
An increased hepatic phosphomonoesters (PME) signal measured 
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e Fig. 10-6 Chronic liver disease—severe 
degree. The liver demonstrates elevated signal 
on T2-weighted images without (A) and with fat 
suppression (B), most evident in the right hepatic 
lobe, and corresponding to regions more severely 
affected by chronic liver disease (circle). There is 
a coarse reticular pattern of linear enhancement 
that extends to the capsule along the periphery 
of the liver on the postcontrast delayed-phase 
images (D) in keeping with severe fibrosis. Note 
that the elevated T2 signal corresponds to the 
late-enhancing fibrotic reticular pattern tissue that 
surrounds small regenerative nodular liver. Unlike 
fibrotic tissue elsewhere in the body, fibrotic liver 
elements tend to have elevated T2 signal; a his- 
topathologic correlate has not yet been shown for 
this feature of hepatic fibrosis. Note also the areas 
of coarse linear enhancing peripheral fibrosis on 
delayed-phase postcontrast 3D gradient echo 
that extend to the liver capsule and correspond 
to foci of liver surface retraction (arrow). This 
leads to the nodular surface contour visualized on 
MRI and on other imaging modalities (namely CT 
and US). 


by MRS and increasing PME/PDE (phosphodiesters) has been 
reported’; however, the relationship between PDE and fibrosis is 
not well understood. 

A more recent MRS technique has been proposed using the 
combination of a highly spatially sampled linear MRS acquisition 
followed by postprocessing with mapping the magnitude of the 
signal against the wavelength. This has yielded an analysis that 
corresponds to tissue features and appears to correlate with the 
degree of hepatic fibrosis in human livers (see Fig. 10-7). 


Focal Hepatic Lesions 


Imaging Modalities 
Ultrasound 


Ultrasonography (US) is a nonionizing technique which produces 
images in real time. Strengths of US include its safety profile, 
noninvasive nature, portability, and widespread availability, with 
a lower initial test cost compared to CT or MRI. Additionally, 
US may be performed in patients with renal failure, as iodinated 
contrast is not required. However, US is inherently limited by a 
lack of sufficient soft tissue contrast to provide reliable sensitivity 
and specificity for liver lesion detection and characterization. In 
addition, image quality is often limited by a patients body habitus 
and operator skills. Compared with the latest generation of CT 
and MRI techniques, accurate lesion diagnosis and full-body 
staging (essential components of workup for patients with hepatic 
tumors) cannot be adequately performed with US. 

US is currently the mainstay of surveillance imaging for HCC 
in chronic liver disease (CLD) at many centers, primarily due to 
ease of access, lack of ionizing radiation, and a relative low cost 
compared to CT and MRI. However, reports indicate highly 
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variable sensitivity for the detection of HCC with US, ranging 
between 33% and 96%." Multiple studies have shown a lower 
detection rate of HCC by US when compared with CT and 
MRI.’ In addition, the sensitivity for the detection of dysplas- 
tic nodules and small HCCs is poor; regenerative nodules, dys- 
plastic nodules, and small HCCs may be indistinguishable with 
US. The use of contrast-enhanced US with microbubbles improves 
the diagnostic performance of US for HCC screening, however 
the use of ultrasound contrast adds both time and cost to the 
test and is not yet approved for use in all countries, including the 
United States. 


Computed Tomography 


In the last several decades, CT has played an important role in the 
diagnosis and staging of hepatic tumors. CT provides excellent 
spatial resolution imaging, with detailed anatomy of vasculature 
structures and organ morphology in the abdomen and pelvis. The 
introduction of multidetector CT systems allows for 0.5-mm- 
resolution imaging that may be acquired in seconds.“ Dual-energy 
computed tomography (DECT) is a recent advancement in CT 
hardware that provides information about how substances behave 
at different photon energies. The ability to generate virtual unen- 
hanced datasets and the improved detection of iodine-containing 
substances on low-energy images are promising grounds for con- 
tinued research and development in DECT. These newer gen- 
eration CT systems also have the capability to deliver marked 
reduction in radiation dose to the patient, with overall mainte- 
nance of image quality and speed. 

Despite the advantages of CT with regard to imaging speed 
and spatial resolution, the main limitation inherent to the tech- 
nology is a relative deficiency of soft tissue contrast in comparison 
to MRI. CT may reliably differentiate soft tissue, calcium, simple 
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e Fig. 10-7 Newer methods for quantifying liver features related to chronic liver disease and fibrosis. 
(A) Fine feature analysis using interleaved one-dimensional spectroscopy prisms selectively excited inter- 
nal volumes shown aligned with the coronal plane and localized to the right liver lobe. (B) Histogram plots 
of discriminant values derived from the MRS wavelength data output of normal liver (b/ue) and fibrotic liver 
(green). These data are extracted from highly spatially sampled MRS and essentially plotting the spectrum 
of the wavelengths and magnitudes to mathematically analyze differences between normal and abnormal 
liver. Note that the green curve, acquired from fibrotic liver, is significantly different from normal. Though 
new, MRS feature analysis is a promising technique for assessing changes in tissue architecture down 
to submillimeter resolution. (C) MRe of normal and (D) fibrotic liver showing shear wave imaging. (E) The 
corresponding normal and (D) fibrotic liver calculated elastogram images show the shear stiffness values 
colorized, with purple-blue representing the lowest range of stiffness and green-red representing the 
highest. Note that normal liver has shear waves propagating closer together (C vs. D). The corresponding 
calculated stiffness showed an average value of 1.8 kPa (E) versus greater than 5 kPa (F) in a patient 
with chronic liver disease and advanced stage fibrosis. The spleen can be seen to have higher stiffness 
in the patient with CLD (F), which may be a result of portal hypertension. Initially developed at the Mayo 
Clinic, the MRe system is now commercially available and configured to function on most MRI systems. 
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lipid, and air; however, differentiation between soft tissues (such 
as between liver parenchyma and a tumor) may be challeng- 
ing, and requires multiphase imaging after the administration of 
iodinated intravenous contrast to optimize diagnostic sensitivity. 
Administration of iodinated contrast introduces risks of contrast- 
induced nephropathy and renal dysfunction, and most patients 


with background Stage HI to Stage V chronic kidney disease 
are not candidates for iodinated contrast administration. Even 
with optimized multiphase precontrast and postcontrast CT, mul- 
tiple studies have demonstrated reduced rates of lesion detection 
and characterization when compared with MRI for many organ 
systems involved in gastrointestinal malignancies, especially the 


142 SECTION II 


liver, bile ducts, prostate, and cystic neoplasms.'”'® Moreover, 
repeated use of CT for follow-up in patients that have received 
curative therapy raises safety concerns with regard to cumulative 
X-ray dose effects. The diagnostic benefits of CT should always 
be weighed against the cancer induction risk of ionizing radiation. 


Magnetic Resonance Imaging 


MRI plays an important role in the diagnosis and staging of 
hepatic tumors. The primary strength of MRI is its superb soft 
tissue contrast, which allows for reliable detection of tumors. This 
is sometimes possible even without the aid of intravenous con- 
trast, relying instead on the intrinsic signal differences between 
normal soft tissue and tumors. The soft tissue resolution of MRI 
also provides more reliable characterization of focal lesions. This 
allows more accurate distinction of benign from malignant disease 
and impacts therapeutic decision-making with potentially reduced 
need for invasive tissue sampling/biopsy. A limitation of MRI has 
been the relative complexity of the image acquisition and decreased 
availability compared with CT and US; however, newer advances 
in technology have allowed for more robust imaging with reliable 
image quality even in sick and freely breathing patients, and an 
increasing number of tertiary cancer centers rely heavily on MRI 
to guide management in hepatic lesions. 

Whereas MR imaging protocols have the potential to be 
complex and widely varied, we have advocated a simplified 
uniform protocol that may be applied to multiple indications, 
including tumor assessment and staging of the liver, pancreas, 
and bowel. This protocol consists of dynamic contrast-enhanced 
T1-weighted (T1W) multiphase imaging which allows for assess- 
ment of tumor perfusion patterns that may be indicative of certain 
tumor histologies. Arterial-phase images are acquired at an 8- to 
10-second delay after the bolus trigger point; venous-phase 
imaging is initiated at 70 seconds and delayed-phase imaging at 
180 seconds after the trigger point. Motion-insensitive T2-weighted 
(T2W) sequences are the second major component of this simpli- 
fied imaging protocol, providing an alternate method of tissue 
interrogation which helps to increase the specificity of diagnosis, 
especially to more reliably differentiate metastases from benign 
entities such as cysts and hemangiomas. Magnetic resonance chol- 
angiopancreatography (MRCP) techniques are T2W sequences 
that provide excellent visibility of the bile duct morphology, and 
are helpful in tumor diagnosis and presurgical planning of tumors 
involving the bile ducts. Finally, DWI is an additional noncontrast 
technique that has the potential to improve sensitivity for small 
malignant lesions in certain tumor subtypes. 


Hepatobiliary-Specific Contrast Agents 


Newer gadolinium-based contrast agents which have come to 
market in recent years that have both a renal and hepatic route of 
excretion. Gadoxetate disodium (Gd-EOB-DTPA; Eovist or Pri- 
movist, Bayer Healthcare, Leverkusen, Germany) is a liver-specific 
agent that is excreted 50% by the liver and 50% by the kidneys 
(assuming normal hepatic and renal function). Gd-EOB-DTPA 
is taken up by hepatocytes via an ATP-dependent transporter and 
subsequently excreted into the bile duct canaliculi. This imaging 
method has been advocated as a way to differentiate certain types 
of tumor (i.e., focal nodular hyperplasia) from other tumors that 
do not possess normal hepatocytes to take up this contrast (i.e., 
hepatocellular carcinoma, hepatic adenoma, and metastatic 
disease). Imaging protocols must be tailored to the specific biliary 
excretion properties of Gd-EOB-DTPA, which is typically seen 
within the biliary system at 7 to 10 minutes postinjection. 
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Delayed-phase images conducted at 20 minutes postinjection are 
routine to assess hepatocyte uptake, and are sensitive for the detec- 
tion of focal hepatic lesions that do not contain the ATP-dependent 
transporter. 

The utility of hepatobiliary-specific contrast agents must be 
assessed by contrasting against the performance of standard extra- 
cellular gadolinium-contrast agents, which have already demon- 
strated sensitivities and specificities greater than 95% for the 
detection and characterization of HCC. In addition, approxi- 
mately 10% of HCCs have been shown to express the ATP- 
dependent transporter that takes up the hepatocyte-specific 
agent,” a confounding factor that may lead to a fixed percentage 
of false-negative studies when using this contrast agent. In addi- 
tion, the altered soft tissue contrast may confound the ability to 
assess dynamic perfusion characteristics of hepatic tumors and 
also reduces the ability to reliably assess vascular structures, such 
as the portal vein. These issues must be taken into consideration 
prior to routine use of hepatocyte-specific contrast agents for the 
assessment of focal liver lesions. However, this contrast agent has 
allowed for new methods of bile duct imaging, which hold 
promise for preoperative planning and for assessment of bile duct 
injuries. It should be noted that the optimum excretion of a 
hepatocyte-specific agent into the bile duct canaliculi is dependent 
upon properly functioning hepatocytes. Inflamed liver tissue, 
whether related to intrinsic acute or chronic hepatitis or alterna- 
tively bile duct obstruction, may not take up and excrete the 
contrast into the biliary system in a reliable fashion. 


Benign Lesions 
Solid 


Hemangioma 


In adults, hemangiomas are the most common benign mesenchy- 
mal hepatic lesion and are most often identified incidentally. 
Occasionally, especially large lesions may result in pain and have 
rarely been reported to bleed, typically secondary to traumatic 
injury.” In histopathology, hepatic hemangiomas are nonencap- 
sulated tumors with a lobular growth pattern consisting of large 
endothelial cell—lined spaces filled with blood separated by fibrous 
tissues.” The larger lesions or giant hemangiomas are less common 
and can range in size from 5 cm to greater than 20 cm.” These 
larger lesions are noted to have a more heterogeneous imaging 
appearance related to the development of thrombosis, hemor- 
rhage, and degeneration. 


Imaging 

Hepatic hemangiomas on MRI show a characteristic lobulated 
morphology with homogeneous, elevated T2 signal (Fig. 10-8). 
Typical postcontrast imaging reveals early peripheral, interrupted, 
nodular enhancement with progressive filling of the more central 
aspects of the lesion. Some smaller lesions are characterized by 
similar T2 features but show uniform arterial enhancement (flash- 
filling hemangiomas), subsequently equilibrating with the blood 
pool on the remaining delayed sequences. Atypical features can 
be seen in lesions that have undergone sclerosis, resulting in a 
lower-than-expected T2 signal (Fig. 10-9). A subset of patients 
can present with symptoms correlating to giant hepatic hemangio- 
mas, with one study showing a mean size of 4.4 cm. They are 
more often complicated by internal hemorrhage and focal areas 
of sclerosis.” As a group of lesions, hepatic hemangiomas rarely 
present a diagnostic dilemma in MRI. 
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e Fig. 10-8 A 44-year-old man with a cavernous hemangioma of the liver. Precontrast (A) and post- 
contrast (B) arterial-phase and (C) delayed-phase T1-weighted (T1W) images show characteristic periph- 
eral, interrupted, and nodular enhancement with delayed filling. (D) T2-weighted (T2W) images demonstrate 
typical uniform markedly elevated signal with lobulated margins. 


Focal Nodular Hyperplasia 


Focal nodular hyperplasia (FNH) is the second most common 
benign liver tumor. It is most frequently identified in premeno- 
pausal females and less commonly in males and children. They 
are lesions that represent hyperplasia of hepatocytes in response 
to a localized vascular abnormality. On histopathologic analysis, 
they are composed of cellular areas of hepatic proliferation inter- 
posed by fibrous septations. Within the lesion is an extensive 
network of capillaries. When enlarged (>5 cm) they often show a 
central fibrous scar consisting of abnormal vessels and proliferated 
connective and ductal epithelial tissue.” Importantly, malignant 
degeneration has not been identified in these lesions. Multiplicity 
is a common finding; in one analysis of surgically resected lesions, 
approximately 25% had two or more lesions.” 


Imaging 

The imaging features of FNH reflect the barat histopathol- 
ogy and are accurately depicted by MRI (Fig. 10-10). Because 
these lesions are comprised of hepatocytes, oe is relative homo- 
geneity compared with normal liver on both T2 and precontrast 
T1. Brisk uniform arterial enhancement is a reliable feature of 
these lesions, with equilibration to the surrounding liver on 
delayed phases.” In addition to the marked arterial enhancement, 


one of the distinguishing features of these lesions is the internal 
nodular architecture on arterial imaging reflecting the highly vas- 
cularized hepatocytes demarcated by fibrous septations. The use 
of hepatocyte-specific agent such as Gd-EOB-DTPA will show 
uptake of the contrast agent in FNH, corresponding to the pres- 
ence of functioning hepatocytes.” 


Liver Cell Adenoma 


Hepatic adenomas are benign epithelial tumors arising from hepa- 
tocytes and are relatively rare in the general population, occur- 
ring at a rate of 1 in 1,000,000.” They are most commonly seen 
in women taking oral contraceptives containing estrogen, with 
increasing frequency noted with higher estrogen dose and longer 
duration of use. Anabolic steroid users and those with Type I and 
HI glycogen storage diseases are additional subsets of patients with 
a higher incidence of developing hepatic adenomas.”*”” Histo- 
pathologically, adenomas are composed of large plates or cords of 
cells which are morphologically similar to hepatocytes. Interposed 
between the groups of cells are dilated sinusoids and peripheral 
perfusion occurs via vessels arising almost exclusively from the 
hepatic artery. No definitive tumor capsule is present, allowing 
for hemorrhage (a consistently described complication in these 
lesions; Fig. 10-11) to spread to the adjacent hepatic parenchyma. 


e Fig. 10-9 A 35-year-old woman with atypical hemangioma. T2W 
image (A) demonstrates more heterogeneous and decreased T2 
signal, related to partial sclerosis. However, T1W (B) arterial-phase 
and (C) delayed-phase postcontrast images show the typical 
enhancement pattern of a hemangioma, and are consequently diag- 
nostic in this case. 


e Fig. 10-10 A 34-year-old woman with focal nodular hyperplasia (FNH). On precontrast T1W image 
(A), the FNH demonstrates signal isointense to background hepatic parenchyma. Postcontrast (B) arterial- 
phase image shows the typical nodular pattern of arterial enhancement, which on (C) delayed sequences 
homogenize with the surrounding liver. (D) T2W image again demonstrates isointense signal to back- 
ground liver, reflecting the reason FNHs have been termed a stealth lesion. 
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Bile ducts are typically absent, in contrast to FNH. One of the 
distinguishing features on imaging derives from the frequently 
occurring lipid content in the hepatocytes of the adenoma. The 
features of the underlying histopathology are important as they 
correlate to often distinct imaging features on difference pulse 
sequences with MRI. 


Imaging 

On MRI, hepatic adenomas generally exhibit heterogeneously 
increased T2 signal relative to the adjacent liver, depending in part 
on the lipid content both of the lesion itself, as well as the lipid 
content of the background liver. On precontrast T1-weighted 
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e Fig. 10-11 A 35-year-old woman with hemorrhagic adenoma. 
Precontrast T1W image (A) demonstrates foci of high signal, indica- 
tive of internal hemorrhage. Postcontrast (B) arterial and (C) delayed 
phases show areas of arterial enhancement, though much of the 
lesion does not enhance secondary to the hemorrhagic components. 
In-phase (D) and out-of-phase (E) images again demonstrate blood 
products, but no evidence of internal lipid. 


images, the lesions are isointense to slightly hypointense rela- 
tive to the adjacent liver, although this signal can be increased 
in the setting of hemorrhage. The lesions show a ground-glass 
pattern of arterial enhancement, without the characteristic nodu- 
larity of FNH. There is a variable amount of persistent delayed 
enhancement or even washout in delayed phases. The relative 
paucity of Kupffer cells results in relatively less enhancement than 
normal liver when using hepatic-specific agents such as Gd-EOB- 
DTPA.” On imaging, it is possible to identify features that would 
raise concern for risk of lesion rupture/hemorrhage and malig- 
nant transformation” including overall size and interval growth 
(Fig. 10-12). 


e Fig. 10-12 A 33-year-old woman with hepatic adenoma. A large tumor was noted exophytic from 
the inferior tip of the right hepatic lobe. T1W (A) arterial and (B) delayed-phase postcontrast images show 
heterogeneous arterial enhancement with subsequent washout. Note the lack of the characteristic nodular 
pattern of enhancement seen in FNH. Intermediate signal is noted on T2W image (C). Loss of signal is 
demonstrated on out-of-phase image (D) compared with in-phase image (E), indicating the presence of 
lipid within the lesion. The differential based on these imaging features is hepatic adenoma or hepatocel- 
lular carcinoma; however, based on the patient’s age and lack of background chronic liver disease, hepatic 
adenoma was the preoperative diagnosis, and biopsy would not be indicated in this case. Given the size 
of the lesion, the patient underwent surgical resection (F) with pathology confirming hepatic adenoma. 
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Cystic 
Cystic Bile Duct Hamartoma 


Cystic bile duct hamartomas (BDHs) are ductal plate malforma- 
tions incidentally seen in 6% of autopsies in adults. These lesions 
are usually of no clinical significance but have been associated 
with other ductal plate diseases such as Caroli disease and con- 
genital hepatic fibrosis. Histopathologic analysis usually reveals a 
cluster of dilated bile ducts, with an absence of any atypical epi- 
thelium or inflammatory change, in a periportal distribution sur- 
rounded by fibrotic tissue.*! 


Imaging 

The MRI features of BDH reflect the underlying histopathology, 
with markedly high T2 signal that is identical to simple fluid.” 
Diffusion imaging can also be helpful with BDHs showing free 
water and no underlying restriction at higher B value. A subset of 
BDHs may be large and may be complicated by hemorrhage, 
often presenting with pain. One study demonstrated lesions 
ranging from 10 cm to 21 cm, which were successfully treated 
with fenestration.” These complicated BDHs often demonstrate 
imaging features consistent with previous episodes of hemorrhage, 
resulting in increased intrinsic T1 signal and atypically less con- 
spicuous T2 signal (Fig. 10-13). 


Hepatic Abscess 

Hepatic abscess can arise in a variety of clinical settings and be 
secondary to various etiologic agents. Currently, bacterial or 
mixed bacterial/fungal infections are the most common infectious 
agents in hepatic abscesses, though parasitic infections may be 
considered when patients present with the appropriate travel 
history.“ Intrahepatic abscesses form in the setting of ascending 
cholangitis, trauma, recent biliary procedure, immunocompro- 
mised states, and many other clinical scenarios. 


Imaging 

MRI features are varied depending on the age of the abscess, the 
causative organism, and the associated immune response of the 
patient. Generally, abscesses demonstrate heterogeneously ele- 
vated T2 signal centrally with a thick rim of perilesional enhance- 
ment. Extensive inflammation is often noted in the surrounding 
hepatic parenchyma, although this can be variable in the setting 
of fungal abscess or impaired host response. Diffusion-weighted 
images are helpful in this setting, and show marked restricted 
diffusion within the abscess. Fungal abscesses are more frequently 
multifocal and the degree of perilesional enhancement and sec- 
ondary edema can be diminished. The clinical presentation, labo- 
ratory studies, and imaging evolution with therapy and time are 
all helpful in the diagnosis of hepatic abscess in concert with 
typical imaging features on MRI. 


Miscellaneous 
Focal Fat/Fatty Sparing 


Focal fat and areas of relative sparing on a background of fatty liver 
can provide a diagnostic challenge if the appropriate sequences 
are not obtained. These findings are frequently seen adjacent to 
the falciform ligament and the gallbladder fossa. The concern is 
related to differentiating these pseudolesions from fat-containing 
lesions such as HCCs or hepatic adenomas. The determination 
is accomplished by accounting for the signal features on both 
in-phase and out-of-phase imaging (which are performed as a 


Imaging in Assessment of Liver Disease and Lesions f1 C74 


standard part of routine abdominal protocol) and assessing the 
corresponding T2 signal and enhancement pattern of the area in 
question (Fig. 10-14). 


Sarcoidosis 

Sarcoidosis is a systemic disease that manifests in a myriad of ways 
throughout the body, with the lung and hilar lymph nodes the 
most common sites of involvement. Some series report hepatic 
involvement in 11% of cases in patients with systemic sarcoid.” 
Other series report granulomas in the liver in 50% of cases.*° 
Uniformly on histopathology, lesions are characterized by non- 
caseating epithelioid granulomas” with a variety of secondary 
histologic changes including cholestasis, necrosis/inflammation, 
and vascular changes such as regenerative hyperplasia. Findings 
in sarcoid can mimic a myriad of other entities including PSC, 
cholangiocarcinoma, focal cirrhosis, and focal lesions. 


Imaging 

MRI features of sarcoidosis are varied, reflecting the variety of 
histopathologic manifestations. In the setting of focal hepatic 
lesions, the lesions are typically small, demonstrating hypointense 
signal on both T1- and T2-weighted images, and are scattered 
throughout the hepatic parenchyma. These lesions enhance in a 
delayed pattern on postcontrast images, typical of granulomatous 
infiltration. 


Neoplastic Lesions 


Continuum of Hepatic Lesions 
in Chronic Liver Disease 


Cirrhosis is a nonspecific descriptor of a heterogeneous constel- 
lation of findings associated with chronic liver injury. The mani- 
festation of chronic liver disease is widely variable depending on 
etiology, chronicity, and numerous other individual factors. The 
chronic inflammation and associated changes in hepatic function 
result in morphologic changes in the liver that are depicted well on 
MR imaging. The presence of chronic liver disease is a risk factor 
for the development of hepatocellular carcinoma, and the forma- 
tion of dysplastic hepatic nodules (and subsequent degeneration 
into malignancy) is a well-described phenomenon. Whereas a 
large majority of HCCs occur in the setting of chronic liver 
disease, certain subtypes may arise in a nondiseased liver (typically 
<1% of HCCs in the United States).** Histopathologically, cells 
in HCC are arranged in a trabecular pattern in more than 70% 
of cases,” with the remaining tumors showing an acinar structure. 
Increasing grade is associated with a variety of features including 
induction of vascular proliferation with preferential blood supply 
from the hepatic artery. HCC occurs as a solitary lesion in 50% 
of cases (Fig. 10-15), multifocal in 40% of cases, and diffuse in 
10% of cases (Fig. 10-16). Fibrolamellar HCC**“® is unique in 
its demographic profile and the causative parthenogenesis relative 
to conventional HCC. This subtype of HCC frequently manifests 
in patients younger than 40 years old and is not associated with 
chronic liver disease. Histopathologically these tumors are com- 
posed of clusters of large polygonal cells with extensive relatively 
acellular fibrous stroma around the tumor cells. 


Imaging 

HCC exhibits a pattern of elevated signal on T2-weighted images, 
and variable signal on TIW images. Dynamic perfusion imaging 
is critical in separating foci of HCC from regenerative and 
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e Fig. 10-13 An 81-year-old woman, presenting with abdominal pain. Noncontrast CT (A) demon- 
strates a hemorrhagic lesion in the liver, and MRI was performed for further evaluation. Precontrast T1W 
image (B) demonstrates markedly increased signal, indicative of internal blood products. Postcontrast 
arterial (C) and delayed (D) phases show no internal enhancement in the lesion, confirming a hemorrhagic 
cyst rather than a hemorrhagic solid neoplasm. T2W image (E) shows a cyst with internal blood products, 
however, without septations to suggest a cystic neoplasm. Bile duct hamartomas are the most common 
hepatic lesion, and typically demonstrate signal features of simple fluid on MRI. When BDHs grow, they 
may be complicated by internal hemorrhage, causing diagnostic challenges on CT and US. However, 
MRI is able to confidently assess the underlying lesion and exclude underlying soft tissue elements, key 
features that direct subsequent management. 
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e Fig. 10-14 A 52-year-old woman with focal fatty sparing. (A) In-phase and (B) out-of-phase imaging. 
The presence of hepatic steatosis is reflected by the loss of signal on out-of-phase imaging (A) relative 
to in-phase imaging (B). A focal area of more severe fatty infiltration (arrows, A and B) does not lose 
signal on out-of-phase imaging, relative to larger amounts of lipid that is similar to subcutaneous lipid. 
Focal fat may present as a pseudolesion of the liver on CT and US, and nonuniform involvement of fat 
or iron deposition in the liver is a common occurrence. MRI, however, is diagnostic for this entity. 


e Fig. 10-15 A 65-year-old man with HCC. Typical signal charac- 
teristics of an HCC in the case a single lesion. On T1W postcontrast 
(A) arterial and (B) delayed phases show brisk arterial enhancement 
(arrow, A) with washout (arrow, B) relative to the surrounding liver. In 
the setting of chronic liver disease, these features are diagnostic for 
HCC, and biopsy is not necessary prior to treatment planning. Signal 
on T2W images (arrow, C) is variable and may be similar or slightly 
elevated compared to background hepatic parenchyma. 
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e Fig. 10-16 A 71-year-old man with infiltrative HCC. This entity is often a difficult diagnosis on CT and 
US due to extensive tumor infiltration of the hepatic parenchyma, though often without the formation of 
a discrete focal lesion. However, MRI shows signal features that are diagnostic, though distinct, from focal 
HCC. Postcontrast T1W sequences in the (A) arterial and (B) delayed phases show heterogeneous, 
patchy enhancement with regions of variable washout. However, unlike focal HCC, T2W images (E) are 
often the most important sequence for diagnosis and identifying the extent of disease (arrows, C). Infiltra- 
tive HCC is very often associated with tumor thrombus in the portal vein, which is well seen in this case 
on the T2W image with lack of a normal flow void (dark signal) within the portal vein (arrowhead, ©). 


dysplastic nodules. In order to make a specific diagnosis of HCC, 
the lesion should demonstrate arterial enhancement with subse- 
quent washout (relative to the adjacent liver) on delayed imaging. 
The addition of a further-delayed coronal postcontrast sequence 
at 5 minutes may aid the ability to demonstrate washout features. 

Fibrolamellar HCC often demonstrates a prominent fibrotic 
component that manifests as a central hypointense region on 
T2W imaging, with the reminder of the tumor demonstrating 
heterogeneously increased T2 signal relative to the surrounding 
liver. Heterogeneous arterial enhancement and variable degrees of 
washout on delayed imaging is often seen. 


Intrahepatic Cholangiocarcinoma 

Cholangiocarcinoma is an adenocarcinoma of biliary ductal 
origin. This represents the second most common primary malig- 
nancy of the liver.*' Risk factors are related to etiologies which 
incite a chronic inflammatory response in the biliary system: 
these include infectious agents such as hepatitis B and C, para- 
sitic infections such as Clonorchis sinensis, conditions promoting 
biliary stasis/inflammation (such as choledochal cysts, choledo- 
cholithiasis, or primary sclerosing cholangitis), and environmental 


pathogens such as polyvinyl chloride. Whereas there are several 
manifestations of cholangiocarcinoma, this discussion will focus 
on the intrahepatic mass-forming cholangiocarcinoma (ICC). The 
gross pathologic appearance is that of a white tumor with dense 
fibrosis. The majority of these tumors are classified as adenocarci- 
nomas arising from intrahepatic bile duct—lining epithelium and 
peribiliary glands.” 


Imaging 

Typically, ICC (>70% of cases) demonstrates progressive hetero- 
geneous enhancement on dynamic postcontrast imaging; a minor- 
ity of lesions may demonstrate some variable arterial enhancing 
elements (Fig. 10-17). Single-shot T2W images provide excellent 
delineation of associated ductal obstruction. Several morphologic 
changes are associated with cholangiocarcinoma and provide 
helpful differentiating features, including capsular retraction and 
marked narrowing of the associated bile duct and vascular struc- 
tures.“ ICC typically narrows and obstructs the adjacent vascular 
structures, and may be associated with bland portal vein thrombus 
due to peripheral constriction and abnormal tissue growing along 
the course of the vessel. Tumor thrombus is a less common occur- 
rence, in contrast with HCC. 
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e Fig. 10-17 A 63-year-old woman with intrahepatic cholangiocarcinoma. T1W images in the 
(A) arterial and (B) delayed phases show heterogeneous delayed accumulation of contrast within the 
hepatic lesion, features typical of an adenocarcinoma. (C) Diffusion weighted image (DWI) shows restric- 
tion of free water motion, a feature present in some malignant tumors. (D) T2W image shows heteroge- 
neous slightly hypointense signal with associated capsular retraction secondary to the fibrotic nature of 
the tumor. When involving the hepatic vasculature, cholangiocarcinomas tend to surround and constrict 
adjacent vasculature, in contrast to HCC which expands vasculature with tumor thrombus. 


Biliary Cystadenoma/Carcinoma 


Biliary cystadenoma is a rare cystic hepatic neoplasm with prema- 
lignant potential that originates from the biliary system. They are 
in the category of mucinous cystic neoplasms and are analogous 
to the mucinous cystadenomas of the pancreas. These lesions are 
seen almost exclusively in female patients. Histopathologically, 
these lesions possess a characteristic pattern of surrounding ovarian 
stroma with mucin filling the internal portions of the lesions. 


Imaging 

MRI is unique among imaging modalities in specifically char- 
acterizing these lesions and reliably differentiating them from 
other cystic entities in the liver that could be potentially con- 
fusing on CT or US. T2W imaging provides a majority of the 
diagnostic specificity. Biliary cystadenomas show a characteristic 
pattern of neoplastic septations that is well depicted on T2W 
images (Fig. 10-18). The internal fluid is typically hypointense 
on T1W sequences, and the septations will enhance on dynamic 
postcontrast images. The presence of any nodular enhancement is 
associated with biliary cystadenocarcinoma. MRI cannot always 
differentiate cystadenoma and cystadenocarcinoma, particularly 


in the setting of small volume (in situ) malignancy, however, both 
are considered surgical lesions due to malignant potential. Dif- 
ferentiation between biliary cystadenoma and hemorrhagic bile 
duct hamartomas may be difficult with conventional imaging 
modalities and even on pathologic analysis. However, the soft 
tissue contrast of MRI can readily distinguish between these enti- 
ties. Preoperative diagnostic specificity is important for provid- 
ing optimal care given the difference in surgical management 
between bile duct hamartomas (which can be treated with lapa- 
roscopic fenestration) and biliary cystadenoma (requiring hepatic 
resection). 


Biliary IPBN 

Intraductal papillary neoplasms of the bile ducts (IPNB) are an 
uncommon variant of bile duct cancer, and share histologic fea- 
tures with corresponding pancreatic lesions. Histopathologically, 
these lesions are characterized by papillary morphology and intra- 
ductal mucin production and when malignant elements are 
present show features of typical intrahepatic cholangiocarcinoma 
and mucinous carcinoma.” 
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Imaging 

The cystic or mucinous component of IPNB is, as anticipated, 
best characterized on T2W sequences. IPNB is hypointense on 
T1W images and markedly hyperintense on T2W images due to 
the fluid component. Solid components with a papillary growth 
pattern are common and show expected delayed enhancement on 
dynamic contrast-enhanced sequences. 


Hepatic Metastases 


Metastatic disease to the liver is the most common malignant liver 
lesion and a frequent indication for MR utilization. Differentiat- 
ing benign from malignant disease in the liver is critical in the 
effective workup and subsequent treatment of patients. As previ- 
ously described, MRI is the imaging modality of choice in the 
characterization of liver lesions in general and even more specifi- 
cally in the setting of potential metastases. Metastatic lesions are 
often divided into two broad categories: those that are poorly 
vascularized on arterial-phase imaging; and those in which hepatic 
artery blood supply predominates. 


Hypovascular Metastases 
The most common group of hypovascular metastases are adeno- 
carcinomas from the pancreas and gastrointestinal tract, including 
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e Fig. 10-18 A 22-year-old woman with biliary cystade- 
noma. T2W image (A) demonstrates a large hepatic cyst with 
complex internal septations, including mural daughter cysts. 
These are features of a cystic neoplasm, specifically biliary 
cystadenoma. T1W (B) precontrast and (C) delayed-phase 
postcontrast images show no nodular internal enhancement 
that would suggest carcinomatous elements. However, 
malignant degeneration and/or the potential for carcinoma in 
situ classifies this as a surgical lesion requiring liver resection. 
This is in contrast to giant cystic bile duct hamartomas, which 
are benign lesions that may be treated with laparoscopic 
fenestration. MRI provides the best imaging capability for 
distinguishing between these entities. 


colon and gastric primaries. Lung and breast cancer are also fre- 
quently implicated in seeding the liver. Other less common types 
include ovary, endometrial, prostate, and thyroid.*° Imaging fea- 
tures of hepatic metastases in the setting of an unknown primary 
can prove useful in focusing the subsequent workup. Evolving 
treatment regimens are being pursued in the setting of metastatic 
lesions, with more aggressive and effective chemotherapy agents 
allowing for subsequent local resection of the original site of the 
lesion with improving outcomes and in some circumstances a 
presumed cure.“ As a consequence of some of the shifts in thera- 
peutic intervention, high-quality imaging with prospective iden- 
tification of the all of the lesions is critical for subsequent surgical 
planning. 

Imaging. Varied imaging features reflect the variable underly- 
ing pathology of the tissue of origin. Generally, metastatic lesions 
demonstrate lower signal intensity to background liver on pre- 
contrast TIW imaging and slightly increased signal on T2W 
images.“ The amount of viable tumor also drives the intrinsic 
signal characteristics. Postcontrast imaging shows progressive het- 
erogeneous accumulation of contrast and a thick rind of perile- 
sional enhancement (Fig. 10-19), correlating with the degree of 
tumor vascularity.’ Whereas not all types of metastases demon- 
strate high signal on DWI, this methodology has shown value in 
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e Fig. 10-19 A 59-year-old man with pancreatic adenocarcinoma metastases. Precontrast T1W 
imaging (A) shows hepatic metastases to be hypointense relative to background hepatic parenchyma. 
Postcontrast (B) venous and (C) delayed phases demonstrate gradual accumulation of contrast, in a 
pattern consistent with adenocarcinoma. A thickened rind of perilesional enhancement is a common 
feature that is seen in this case on delayed images (C). (D) DWI may provide increased sensitivity for 
small hepatic metastases. T2W images (E) show ill-defined mildly increased signal relative to surrounding 
liver. In this case, the source of the hepatic metastases was easily identified in the head of the pancreas 
(F) with primary pancreatic tumor causing associated ductal obstruction. 
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e Fig. 10-20 A 61-year-old woman with metastatic melanoma. Note elevated intrinsic T1 signal present 
on precontrast image (A), a feature that may be present in melanoma metastases due to the T1 shorten- 
ing effects of melanin. Postcontrast arterial (B) and delayed (C) phases show brisk arterial enhancement, 
but without features of washout that are typically present in HCC. DWI (D) shows focal restricted diffusion 
in most lesions, a feature common to many hypervascular metastases. 


increasing sensitivity for the detection of small lesions, and also 
may provide additional confirmation on what may otherwise be 
a more equivocal lesion. “* 


Hypervascular Metastases 

Liver metastases that have a predominantly hepatic arterial blood 
supply show greater enhancement on hepatic arterial-dominant 
phase versus delayed imaging. The broad category of hypervascu- 
lar metastases arises from the wide range of tumor types; the most 
common are neuroendocrine tumors from a carcinoid or pancre- 
atic neuroendocrine tumor. Additionally, cutaneous neoplasms 
such as melanoma and Merkel cell carcinoma also frequently 
metastasize to the liver. Differentiation from benign liver lesions 
such as hemangioma can be accomplished with greater than 98% 
specificity.” 

Imaging. Most hypervascular metastatic lesions do not have 
imaging features that would indicate a specific tumor type. The 
presence of increased intrinsic T1W signal, however, can be seen 
in subset of melanoma metastases (Fig. 10-20) related to melanin 
and a propensity to hemorrhage.“ Generally, metastases related 
to these primary tumors show a typical pattern of brisk enhance- 
ment on hepatic arterial-phase imaging (underscoring the need 
for appropriate timing of this phase of contrast). Often there is 


persistent hyperenhancement centrally with the margin gradually 
losing contrast relative to adjacent liver. Diffusion-weighted images 
can often be helpful in identifying very small lesions or assessing 
for recurrence, as these lesion show intense restricted diffusion 
(Fig. 10-21). 


Lymphoma 

Lymphoma is a malignancy that ubiquitously involves organ 
systems throughout the body. This is almost always related to 
secondary involvement as less than 0.01% of all non-Hodgkin 
lymphoma are from a hepatic primary. Notable exceptions are 
found in HIV patients or posttransplantation patients that are 
receiving immunosuppressants with an associated infection with 
the Ebstein-Barr virus (part of a manifestation of posttransplant 
lymphoproliferative disease [PTLD]). PTLD occurs in 2% to 5% 
of transplant patients, usually either within the first year or 4 to 
5 years posttransplant.” In 53% of cases of PTLD, hepatic 


involvement is identified.” 


Imaging 
Imaging features are similar to lymphoma in other parts of the 
body. The T2W images show relatively uniform increased signal 
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e Fig. 10-21 A 48-year-old woman with metastatic neuroendocrine carcinoma. T1W postcontrast 
images in the (A) arterial and (B) delayed phases show numerous lesions that demonstrate peripheral 
arterial enhancement and a target pattern of enhancement on delayed images. (C) DWI and (D) T2W 
images show focal areas of abnormal signal that contrast well with the background liver, features typical 


of neuroendocrine metastases. 


(similar to other nodal tissue) with well circumscribed margins, 
although PTLD can also have a more infiltrative appearance. 
Lesions can be solitary or multiple. Dynamic postcontrast images 
show a pattern of relatively homogeneous delayed enhancement, 
in contrast to adenocarcinomas that show a more heterogeneous 
appearance (Fig. 10-22). DWI may be helpful as lymphomas 
typically demonstrate marked restricted diffusion above and 
beyond what is seen in other malignancies. 


Conclusion 


Medical imaging has become essential for the care of patients with 
hepatic disease, including both diffuse liver diseases and focal 
hepatic tumors. New advances in imaging technology, especially 
MRI, have increased the accuracy of diagnosis and tumor staging, 
with the potential to reduce the need for invasive tissue sampling 
and more accurately guide therapeutic decision-making in patients 
with liver disease. 
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SUMMARY 


Recent Progress 

e New MRI techniques have been recently developed that provide 
noninvasive quantitative analysis of hepatic lipid and iron. 

e Hardware and software advances have allowed latest generation MRI 
scanners to automatically assess individual patients and optimize 
imaging parameters, which should reduce variability in image quality 
across centers. 

e Advancements in MRI have driven improvements in diagnostic sensitivity 
and specificity for focal liver lesions (especially hepatocellular carcinoma), 
which has increasingly obviated the need for invasive biopsy. 


Key Knowledge Gaps 
e Use of imaging biomarkers to predict the development of hepatic 
fibrosis in patients with acute hepatic inflammation/steatohepatitis. 


Future Directions 

e Continued development of currently available techniques to 
noninvasively stage hepatic fibrosis. 

e New MRI sequences and image processing methods are being developed 
to allow detailed analysis of vascular flow, especially in the portal system. 
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e Fig. 10-22 A 77-year-old man with lymphoma. Staging contrast-enhanced CT (A) demonstrated a 
nonspecific, focal, hypodense lesion in the right hepatic lobe. MRI was performed for further characteriza- 
tion. T1W precontrast (A), arterial-phase (B), and delayed-phase (C) images show a poorly vascularized 
lesion that demonstrates uniform delayed uptake of the gadolinium chelate. T2W image (D) shows uniform 
intermediate signal. DWI (D) shows markedly abnormal signal, a feature that is frequently present in 
lymphoproliferative disease. In this case, biopsy confirmed large B-cell lymphoma. 
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ABBREVIATIONS 


ACR American College of Radiology 

CT computed tomography 

DWI diffusion-weighted imaging 

FNH focal nodular hyperplasia 

HCC hepatocellular carcinoma 

HNF-10 hepatocyte nuclear factor 10 

LI-RADS Liver Imaging Reporting and Data System 

MR magnetic resonance 

OPTN Organ Procurement and Transplantation Network 


Introduction 


Focal hepatic masses may be encountered during routine medical 
imaging done for other reasons, staging for extrahepatic malignan- 
cies, and surveillance for primary hepatic malignancies. Advances 
in technology allow improved detection and characterization of 
these masses. The ability to distinguish many of these masses as 
definitively benign or malignant by imaging alone can eliminate 
unnecessary biopsy or costly follow-up in many patients and help 
determine the appropriate treatment strategy for malignant 
masses. This chapter includes a description of imaging modalities 
used for evaluation of hepatic masses followed by a discussion of 
benign and malignant lesions, including hemangioma, focal 
nodular hyperplasia (FNH), hepatic adenoma, hepatic cyst, bile 
duct hamartoma, biliary cystadenoma, hepatic abscess, hepatocel- 
lular carcinoma (HCC), cholangiocarcinoma, and metastases. 


Imaging Modalities 


The main imaging studies performed for hepatic mass evaluation 
are ultrasonography, computed tomography (CT), and magnetic 
resonance (MR) imaging. Ultrasonography is often used as an 
initial imaging study because of its low cost, wide availability, and 
lack of radiation exposure. Limitations of ultrasonography include 
operator dependence, suboptimal assessment in patients with 
large body habitus or difficulty following breath-holding instruc- 
tions, and decreased through penetration of the sound beam in 
the presence of fatty or fibrofatty infiltration. Ultrasonography 
can readily diagnose cysts and classic hemangiomas but is limited 
in the characterization of solid hepatic masses. Lack of FDA- 
approved contrast agents for use with abdominal ultrasonography 
in the United States reduces the full potential of ultrasonography 
for the detection and characterization of liver masses. CT or MR 


imaging is often required for further characterization when a solid 
mass is detected by ultrasonography. 

CT offers many advantages, including wide availability, speed, 
moderate cost, and improved ability to detect and characterize 
liver masses. One important disadvantage particularly in younger 
patients is radiation exposure, because repeated scanning during 
multiple phases is necessary for accurate liver mass characteriza- 
tion. Another limitation is decreased specificity compared with 
MR imaging, as interpretation of MR imaging relies not only on 
the enhancement pattern of a mass but also on its appearance on 
multiple additional sequences, allowing better tissue characteriza- 
tion and more complete evaluation. 

Detection and characterization of a mass on contrast-enhanced 
CT is based on blood flow differential between the lesion and the 
adjacent liver parenchyma. A triphasic CT scan may consist of 
unenhanced images followed by repeated imaging during hepatic 
arterial and portal venous phases. Hepatic arterial phase imaging 
is performed to detect lesions such as HCC that typically dem- 
onstrate hyperenhancement during the arterial phase due to vas- 
cular supply from the hepatic arterial system. HCC and other 
hypervascular lesions may then become isodense or hypodense 
relative to the adjacent liver during the portal venous phase. 
Therefore some lesions could be missed on a routine CT scan of 
the abdomen, in which images are typically acquired only in the 
portal venous phase. In other instances, a delayed scan at 5 to 15 
minutes could be considered for lesions such as cholangiocarci- 
noma to assess them for delayed enhancement or hemangiomas 
to assess them for progressive filling by contrast agent, although 
this is often not required for diagnosis. 

MR imaging is the best modality for characterizing liver 
masses. The American College of Radiology (ACR) Appropriate- 
ness Criteria assign contrast-enhanced MR imaging the highest 
rating for characterization of an indeterminate liver lesion, and it 
is the recommended imaging modality if there are no contraindi- 
cations.’ The advantages of MR imaging over CT and ultrasonog- 
raphy include better characterization of lesions or pseudolesions 
detected on ultrasonography and CT, lack of ionizing radiation, 
superior contrast resolution, biliary tree depiction, and the ability 
to use extracellular or hepatocyte-specific contrast agents. Evalu- 
ation of signal characteristics of a mass on multiple sequences, 
such as routine Tl- and T2-weighted images, chemical shift 
imaging (in- and opposed-phase images used for detection of 
internal fat, calcification, or iron content), diffusion-weighted 
imaging (DWI), and contrast-enhanced images, allows more spe- 
cific characterization of lesions than is possible with CT and 
ultrasonography. The disadvantages include higher cost, longer 
imaging time, contraindications in certain patients (e.g., pace- 
makers that are not MR imaging compatible), and the need for 
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patient cooperation such as breath-holding to minimize motion 
artifact. 

The two main categories of contrast agents used for MR 
imaging are (1) standard agents with an extracellular distribu- 
tion and (2) hepatocyte-specific agents. The standard extracellular 
agents are the most widely used and best documented. These 
rely on blood flow differential between the liver parenchyma and 
focal lesions for detection and characterization analogous to an 
iodinated contrast agent for CT. Contrast-enhanced sequences 
are performed in the arterial, portal venous, equilibrium, and 
delayed phases. The ability to perform multiple contrast-enhanced 
sequences without added radiation is a major benefit over CT. 
Hepatocyte-specific contrast agents provide information about 
a lesion similar to extracellular contrast agents during the early 
contrast phases but also add unique functional information 
on additional delayed images as contrast agent is taken up by 
hepatocytes and excreted through the biliary system. Delayed 
hepatocyte phase images are obtained at 20 minutes for gadox- 
etate disodium (Eovist; Bayer HealthCare, Whippany, NJ, United 
States). Hepatocyte-specific contrast agents are helpful in the dif- 
ferentiation of FNH from hepatic adenoma and can be helpful in 
the staging of metastatic disease because of improved detection of 
smaller metastases. The disadvantages of hepatocyte-specific agents 
over standard extracellular agents include higher cost, difficulty in 
obtaining peak arterial phase enhancement in part due to a lower 
FDA-approved dose than with extracellular agents, and impaired 
hepatic uptake and biliary excretion in patients with hepato- 
cyte dysfunction and obstructive jaundice.” MR imaging is often 
routinely performed with extracellular contrast agents, whereas 
hepatocyte-specific agents are reserved for select indications (e.g., 
FNH vs. adenoma); however, hepatocyte-specific agents may be 
used more often depending on institution preference. 

DWI is a technique that has been increasingly implemented 
in routine abdominal MR imaging examinations. DWI signal in 
biologic tissues is derived from the random motion of water mol- 
ecules in the intracellular, extracellular, and intravascular spaces. 
The degree of restriction of water diffusion depends on tissue cel- 
lularity and cell membrane integrity.’ The ability of DWI to 
depict restricted diffusion in areas of high cellularity such as 
tumors allows improved lesion detection, which may be especially 
helpful in patients who cannot receive intravenous contrast agents. 
Common benign hepatic lesions generally show a lesser degree of 
restricted diffusion than malignant lesions.** However, significant 
overlap in quantitative values of restricted diffusion limits the 
ability of DWI to differentiate solid benign and malignant lesions. 


Hemangioma 


Hemangioma is a common benign hepatic mass with a reported 
prevalence of up to 20%.”'® Such masses comprise numerous 
vascular channels, each lined with a single layer of epithelial cells 
and separated by fibrous septa.'' They occur more frequently in 
females (ratio of 2:1 to 5:1), are usually asymptomatic, and are 
often multiple.” Hemangiomas are usually incidentally discov- 
ered and are of no clinical consequence. 

On ultrasonography, typical hemangiomas are well-defined 
round or mildly lobulated masses that are uniformly hyperechoic 
relative to adjacent liver parenchyma, demonstrate posterior 
acoustic enhancement, and lack detectable internal color flow 
(Fig. 11-1, A). They are often peripherally located within the 
right hepatic lobe, although they can occur anywhere in the 
liver. The most common atypical appearance of hemangioma on 
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ultrasonography is that of a hypoechoic or isoechoic mass with a 
peripheral hyperechoic rim.'* Hemangiomas can also present as 
hypoechoic masses in the setting of hepatic steatosis, whereby they 
appear hypoechoic relative to the echogenic fatty liver (Fig. 11-2). 

On noncontrast CT, hemangiomas are generally hypodense 
and appear similar in attenuation to blood vessels because of their 
composition of vascular channels. However, they may appear 
isodense or hyperdense in the setting of hepatic steatosis, where 
the liver itself demonstrates diffusely low attenuation. On post- 
contrast imaging, hemangiomas classically demonstrate discon- 
tinuous peripheral nodular enhancement on early images, with 
progressive filling by contrast agent on delayed images. 

MR imaging is the preferred modality to evaluate hemangio- 
mas, which appear hyperintense on T2-weighted images because 
of their blood-filled spaces and the resulting long T2 relaxation 
time.’ This T2 hyperintense signal is one of the most reliable 
findings in the diagnosis of hemangiomas.'> Hemangiomas are 
hypointense on Tl-weighted images and, similarly to what is 
found in contrast-enhanced CT examinations, demonstrate 
typical discontinuous peripheral nodular enhancement with pro- 
gressive filling on postcontrast images (see Fig. 11-1). 

Small hemangiomas may demonstrate rapid uniform enhance- 
ment on arterial phase images, being termed flash-filling heman- 
giomas. These are often associated with an adjacent peripheral 
wedge-shaped area of transient hyperenhancement during the 
arterial phase.'*'* Flash-filling hemangiomas can be differentiated 
from other hypervascular lesions by their characteristic T2 hyper- 
intense signal, retention of contrast agent on delayed images, and 
appearance similar to blood pool on all postcontrast phases of 
imaging." 

Giant hemangiomas are those that are larger than 5 cm. They 
may look more complex on T2-weighted images, with multiple 
hypointense septa or a central T2 hyperintense cleft from cystic 
degeneration.'''*'” Giant hemangiomas also demonstrate discon- 
tinuous peripheral nodular or a more flame-shaped pattern of 
enhancement with progressive filling but may remain incom- 
pletely filled on delayed images because of their size and the 
presence of central scarring or regions of thrombosis; however, 
their signal intensity and characteristic enhancement pattern 
allow a correct diagnosis. '™'? 

Sclerosed hemangiomas are those that have undergone degen- 
eration and fibrosis, resulting in obliteration and replacement of 
their vascular channels responsible for their typical features on 
imaging.'”'’ Findings that may suggest sclerosed hemangioma 
include T2 hyperintense signal, well-defined margins, associated 
volume loss or capsular retraction, internal nodular foci of arterial 
phase hyperenhancement, adjacent peripheral wedge-shaped area 
of transient arterial phase hyperenhancement, and presence of 
typical hemangiomas elsewhere in the liver.'° The diagnosis of 
hemangiomas in cirrhotic livers is less common and may be even 
more challenging as they may sclerose over time. Obtaining prior 
imaging can be helpful to diagnose sclerosed hemangiomas 
because they may show a more typical hemangioma appearance 
on older studies. 

If MR imaging is performed with hepatocyte-specific contrast 
agents rather than standard extracellular agents, the diagnosis of 
hemangioma can be more challenging in select cases. Heman- 
giomas will appear hypointense on the delayed 20-minute phase 
images because they contain vascular channels and not hepato- 
cytes. However, redistribution of contrast agent is gradual, and 
contrast agent removal from the vascular spaces begins before 
the time when 20 minute—delayed images are obtained. With 
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e Fig. 11-1 Hemangioma. A, Ultrasonography demonstrates a large circumscribed uniformly hypere- 
choic mass in the right hepatic lobe. B, The right hepatic hemangioma shows marked hyperintense signal 
on T2-weighted magnetic resonance imaging. C, Axial T1-weighted image showing hypointense signal 
of the hemangioma compared with adjacent liver. D, Axial postcontrast T1-weighted image demonstrating 
the characteristic enhancement pattern of hemangioma with discontinuous peripheral nodular pooling of 
contrast agent (arrows). 


flash-filling hemangiomas, this results in a pseudo-washout appear- 
ance that can make diagnosis difficult unless one also observes a 
similar decrease in signal intensity of the blood pool in adjacent 
vessels.'° Some small hemangiomas lack early enhancement and 
are diagnosed only by observation of delayed filling of the lesion. 
Given that the characteristic delayed contrast fill-in is absent 
with hepatocyte-specific contrast agents, correct diagnosis in this 
setting can also prove challenging.” Therefore if a hemangioma 
is suspected on initial imaging, MR imaging using a standard 
extracellular contrast agent is preferred to make the diagnosis. 


Focal Nodular Hyperplasia 


FNH is the second most common benign hepatic mass. It most 
frequently occurs in women in the third and fourth decades of 
life and is usually discovered incidentally as a solitary mass but 
can be multiple in up to 20% of cases.'*'” Classified as a regenera- 
tive lesion, FNH is a nodule composed of benign hepatocytes 
occurring in an otherwise normal or nearly normal liver and is 
thought to be a hyperplastic response to localized hyperperfusion 
in the setting of a congenital or acquired vascular anomaly.” 
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e Fig. 11-2 Atypical hemangioma on ultrasonography. A, Ultrasonography demonstrates atypical 
hypoechoic appearance of a large hemangioma (in the setting of an echogenic liver due to hepatic ste- 
atosis). B, Axial postcontrast computed tomography image demonstrating typical discontinuous nodular 
enhancement of hemangioma (arrows). 


Pathologic evaluation reveals normal hepatocytes and fibrous 
septa radiating from a central scar that contains fibrous connective 
tissue, thick-walled arterial vessels, and malformed bile ductules. 

Unlike hepatic adenoma, oral contraceptive use is not clearly 
linked to FNH. Some older studies have suggested oral contracep- 
tives may promote lesion growth, but others have found that size 
changes during follow-up are rare and independent of oral con- 
traceptive use.” Unlike many neoplasms, FNH does not outgrow 
its inherent blood supply and most lesions remain smaller than 
5cm. FNH has no malignant potential; most patients are 
asymptomatic and do not require follow-up imaging once the 
correct diagnosis has been made. 

On ultrasonography, typical FNH is not well seen but can 
appear as a subtle uniform mass that is isoechoic or slightly 
hypoechoic relative to the adjacent liver. The central scar, when 
apparent, is usually hyperechoic and may demonstrate increased 
vascularity on color Doppler ultrasonography. On unenhanced 
CT, FNH may appear isodense or slightly hypodense relative to 
the liver with a hypodense central scar. On postcontrast CT 
images, FNH is most conspicuous during the arterial phase 
because of its vascular supply, showing rapid hyperenhancement 
with exception of the central scar. FNH then typically fades to 
become isodense to liver during portal venous phase and delayed 
imaging. The central scar shows delayed enhancement due to 
abundant myxomatous stroma (Fig. 11-3). MR imaging has a 
higher sensitivity and specificity for FNH compared with ultra- 
sonography and CT.” Typical FNH is isointense or slightly 
hypointense to liver on T1-weighted images and isointense 
to slightly hyperintense on T2-weighted images. The central 
scar shows increased T2 signal due to vascular channels, bile 
ductules, and myxomatous stroma and is more often detected 
on MR imaging than with other imaging modalities.” Postcon- 
trast images demonstrate the typical enhancement pattern of 
FNH, including homogeneous arterial phase hyperenhancement, 


with delayed enhancement of the central scar better appreciated 
on MR imaging. Small FNH lesions often lack a visible central 
scar.” It is also important to be aware that FNH can have atypical 
imaging findings such as lesion heterogeneity and occasional 
delayed pseudocapsular enhancement. 

The most common differential consideration for FNH is 
hepatic adenoma, as both lesions have overlapping imaging find- 
ings and share similar patient demographics. These lesions can 
generally be distinguished on MR imaging on the basis of the 
presence of a central scar for FNH and, if present, fat and/or 
hemorrhage seen in adenomas. More commonly used in the past, 
radionuclide imaging with ””Tc-labeled sulfur colloid could help 
support a diagnosis of FNH because of uptake of radiotracer by 
Kupffer cells. However, in comparison with the adjacent liver, 
similar or greater uptake is seen in only 50% of FNH, and this 
may be limited to detection of only large lesions.'* Adenomas may 
contain Kupffer cells but in reduced numbers and with little or no 
function, therefore usually manifesting themselves as cold defects; 
however, they can occasionally show uptake that consequently 
limits the utility of sulfur colloid studies for diagnosis. '*~* 

MR imaging using hepatocyte-specific contrast agents allows 
more accurate differentiation of FNH and adenoma and can be 
helpful in patients where other tests are not definitive. Densely 
packed functioning hepatocytes and malformed biliary ductules 
characteristic of FNH result in gradual accumulation of contrast 
agent and delayed biliary excretion, with most FNH lesions 
appearing hyperintense or at least isointense relative to adjacent 
liver on 20 minute—delayed hepatocyte phase images (Fig. 11-4).” 
A smaller number of FNH appear hypointense centrally but 
have a hyperintense rim on hepatocyte phase images. The central 
scar of FNH typically does not retain contrast agent during the 
hepatocyte phase and may result in a central hypointense spoke- 
wheel appearance. Adenomas also have functioning hepatocytes 
but lack bile ductules and therefore usually appear uniformly 
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e Fig. 11-3 Focal nodular hyperplasia. A, Coronal postcontrast computed tomography image in the 
arterial phase demonstrating a solid hypervascular hepatic mass (arrow) with a hypodense central scar. 
B, Subsequent delayed postcontrast image showing that the mass (arrow) is now isodense to adjacent 
liver apart from delayed enhancement of the central scar (arrowhead). 


hypointense compared with background liver on hepatocyte phase 
images, allowing their differentiation from FNH in most cases.” 
Grieser et al.” found strong uptake of FNH versus hypointensity 
of adenomas on hepatocyte phase images to have an accuracy of 
92%, with this parameter being superior to all other morphologic 
and enhancement criteria alone or in combination. 

The presence of fat is generally another feature that suggests 
adenoma over FNH, and its superior detection with MR imaging 
is a major advantage over CT. In one series of 44 adenomas 
studied by multiphasic CT, lipid or fat was detected in only 7% 
of lesions.” However, a much greater percentage of adenomas is 
observed to demonstrate steatosis (35% to 77%) on MR chemical 
shift imaging.” Rarely FNH contains intracellular fat best detected 
with MR chemical shift imaging, but this is usually in the setting 
of diffuse hepatic steatosis. 

A central scar is not specific to FNH and can be seen with 
malignancies including HCC, metastases, and fibrolamellar car- 
cinoma. Fibrolamellar carcinoma can have other imaging features 
that overlap with those of FNH and also usually affects young 
adults, occurring in an otherwise normal liver. However, fibrola- 
mellar carcinoma tends to be a larger lesion, with an average size 
of 13 cm (range 5 to 20 cm), more heterogeneous, often contains 
central calcification rarely seen in FNH, and often appears in 
patients with advanced disease, including regional adenopathy, at 
presentation.” In addition, fibrolamellar carcinoma is very 
uncommon, while FNH is a common lesion. Small FNHs that 
lack a central scar can sometimes be difficult to differentiate from 
other hypervascular lesions. 


Hepatic Adenoma 


Hepatic adenoma is an uncommon benign liver tumor occurring 
most frequently in women of childbearing age with a history of 


oral contraceptive use. It is most often solitary but can be mul- 
tiple; development of more than 10 lesions in an otherwise normal 
liver has been termed adenomatosis.’' Adenomas can be discovered 
incidentally or during the workup of abnormal liver function 
tests, abdominal pain including that due to potential complica- 
tion of bleeding and rupture of the mass, or occasionally for a 
mass that is palpable on physical examination. In recent years, 
investigation of several molecular features and genotyping has led 
to classification of adenomas into distinct subtypes: (1) inflam- 
matory adenoma, (2) hepatocyte nuclear factor 10 (HNF-1a) 
inactivated adenoma, and (3) B-catenin-activated adenoma. These 
three main subtypes can demonstrate different clinical features, 
imaging appearances, and natural history (Table 11-1).” A fourth 
unclassified subtype encompasses adenomas without any genetic 
abnormalities. 

Inflammatory adenoma is the most common subtype (40% to 
50%) and includes lesions formerly known as telangiectatic FNH 
and adenoma. This subtype most often occurs in young women 
with a history of oral contraceptive use and in obese patients. 
Inflammatory adenomas show polymorphous inflammatory infil- 
trates, sinusoidal dilatation, and dystrophic vessels on histologic 
evaluation.” HNF-10-inactivated adenomas are the next most 
common subtype (30% to 35%). They occur exclusively in 
women, are multiple in at least 50% of cases, and are strongly 
associated with oral contraceptive use. Some cases have an associa- 
tion with maturity-onset diabetes of the young type 3 and familial 
hepatic adenomatosis. They result from biallelic inactivating 
mutations of the HNF-10 gene. Nonfunctioning HNF-10 pro- 
motes lipogenesis and hepatocyte proliferation and also causes 
silencing of liver fatty acid-binding protein, leading to intracel- 
lular fat deposition.” The third subtype is B-catenin-activated 
adenoma (10% to 15%), which develops because of uncontrolled 
hepatocyte proliferation caused by sustained activation of the 
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e Fig. 11-4 Focal nodular hyperplasia on gadoxetic acid- 
enhanced magnetic resonance imaging. A, Axial T2-weighted 
fat-suppressed image demonstrating an isointense mass 
(arrow) with a T2 hyperintense central scar (arrowhead). B, The 
mass (arrow) is also isointense to adjacent liver on precontrast 
T1-weighted imaging with the exception of the T1 hypointense 
central scar (arrowhead). C, Arterial phase postcontrast 
T1-weighted image demonstrating uniform arterial hyperen- 
hancement of the mass (arrow) apart from its central scar. D, 
The mass (arrow) fades to become closer in signal intensity to 
adjacent liver on more delayed postcontrast imaging. E, Twenty 
minute—delayed hepatocyte phase image demonstrating typical 
retention of contrast by focal nodular hyperplasia (arrow) with 
a hypointense central scar. 


Hepatic Adenoma Subtypes 
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Inflammatory Young women, oral contraceptive use, Polymorphous inflammatory Highest risk of bleeding; Increased T2 signal and intense 
obese patients infiltrates, sinusoidal can have malignant arterial phase enhancement 
dilatation, dystrophic transformation that persists on more delayed 
vessels images; can have patchy or 
heterogeneous fat deposition 
HNF-1o inactivated Women exclusively, oral contraceptive Mutations of HNF-1« gene Minimal risk of Diffuse intralesional fat 


use, associated with maturity- 
onset diabetes of the young type-3 


leading to lipogenesis and 
hepatocyte proliferation; 


bleeding; minimal to deposition is characteristic 


no risk of malignant 


and familial hepatic adenomatosis intracellular fat deposition transformation 

B-Catenin activated More often in men, associated with Uncontrolled hepatocyte Highest risk of Lack of specific imaging 
male hormone administration, proliferation secondary to malignant characteristics 
glycogen storage disease, and sustained activation of transformation 


familial adenomatous polyposis 


HNF-1oe, Hepatocyte nuclear factor 10. 


B-catenin gene. This subtype occurs more often in men and has 
been associated with male hormone administration, glycogen 
storage disease, and familial adenomatosis polyposis. 

The most common and important complications of hepatic 
adenoma are hemorrhage and malignant transformation. Inflam- 
matory adenomas have the highest risk of bleeding, reported to 
occur in up to 30% of cases.” B-Catenin-activated adenomas are 
the subtype at most risk of malignant transformation, but some 
inflammatory adenomas can also become malignant. HNF-10- 
inactivated adenomas are associated with minimal risk of bleeding 
and minimal to no risk of becoming malignant. Therefore subtype 
characterization can have very important implications with regard 
to management of these lesions. 

The appearance on ultrasonography is variable and nonspecific 
and, as a result, other modalities such as MR imaging are generally 
required for the diagnosis. While some adenomas appear 
hypoechoic on ultrasonography, others may be hyperechoic 
because of intralesional fat or hemorrhage.“ Hemorrhage or 
necrosis may result in greater lesion heterogeneity and rarely cal- 
cification. CT allows improved lesion assessment, including detec- 
tion of enhancement, internal fat in some cases, and complications 
of hemorrhage. A hemorrhagic mass in a middle-aged woman 
could be the initial presentation of adenoma and favors the diag- 
nosis. However, MR imaging is the modality of choice for diag- 
nosis as it best detects intracellular fat and some adenomas can 
have distinguishing features on MR imaging that allow subtype 
characterization. Diffuse or uniform intralesional fat deposition is 
characteristic of HNF-1o-inactivated adenomas (Fig. 11-5).” 
Intralesional fat can also be seen in inflammatory adenomas, but 
it occurs less frequently and is usually more patchy and hetero- 
genous.” Inflammatory adenomas demonstrate increased T2 
signal, especially peripherally because of dilated sinusoids, as well 
as intense arterial phase enhancement that persists during portal 
venous and delayed phases.” B-Catenin-activated adenomas, the 
subtype most associated with cancer development, unfortunately 
lack a specific MR imaging pattern. They show arterial phase 
hyperenhancement that may or may not persist on delayed images, 
and delayed hypointensity or washout that may mimic HCC. 
Vaguely defined intralesional T2 hyperintense areas may be seen 
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in B-catenin-activated adenomas, but this is not clearly proven 
and biopsy is needed to diagnose this subtype.” 

The differential diagnosis for an avidly enhanced solid hepatic 
mass in an otherwise young healthy patient is most commonly 
FNH versus adenoma. Lesion heterogeneity and detection of 
intralesional fat can allow the correct diagnosis of adenoma in 
many cases by conventional MR imaging, which is the preferred 
modality over ultrasonography, CT, and nuclear scintigraphy. MR 
imaging using a hepatocyte-specific contrast agent (e.g., gadox- 
etate disodium) is helpful for distinguishing adenoma from atypi- 
cal FNH and should be considered when other tests are not 
definitive. Imaging features of adenomas overlap with those of 
HCC, including intralesional fat and occasional washout or cap- 
sular enhancement, but adenomas are more often seen in younger 
patients without cirrhosis or risk factors for liver disease, which 
helps to distinguish these lesions. 


Hepatic Cysts 


Simple hepatic cysts are very common benign lesions that are 
frequently encountered on imaging. They can range in size from 
a couple of millimeters to several centimeters. On ultrasonogra- 
phy, cysts are anechoic, have a thin or imperceptible wall, dem- 
onstrate posterior acoustic enhancement, and lack color flow. On 
CT, cysts measure simple fluid density (between 0 and 20 Houn- 
sfield units) and lack enhancement on postcontrast imaging. On 
MR imaging, they are hypointense on T 1-weighted images, mark- 
edly hyperintense on T2-weighted images, and show no enhance- 
ment after contrast agent administration.’ As a result, the 
diagnosis of a benign cyst is usually straightforward. 


Bile Duct Hamartomas 


Bile duct hamartomas, also known as biliary hamartomas and von 
Meyenburg complexes, are benign liver lesions that result from 
small interlobular bile duct malformations during embryologic 
development. They comprise disordered dilated bile duct collec- 
tions and fibrocollagenous stroma. They are part of a spectrum of 
fibropolycystic liver disease, which also includes congenital hepatic 
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e Fig. 11-5 Hepatic adenoma and focal nodular hyperplasia. 
A, Axial T2-weighted image demonstrating a mildly T2 hyper- 
intense ovoid mass posteriorly in the right hepatic lobe (arrow). 
There is an adjacent mass (asterisk) with associated contour 
bulging and faint increased T2 signal. B, In-phase T1-weighted 
image showing intrinsic hyperintense signal of the more poste- 
rior mass (arrow) and isointense signal of the adjacent mass 
(asterisk). C, Opposed-phase T1-weighted image demonstrat- 
ing diffuse signal loss due to intracellular lipid in the more 
posterior mass as seen with the hepatocyte nuclear factor 
1a-inactivated (or steatotic) adenoma subtype (arrow). The 
adjacent mass (asterisk) does not contain fat. D, Postcontrast 
T1-weighted imaging shows mildly heterogeneous enhance- 
ment of the adenoma (arrow) and uniform arterial hyperen- 
hancement of the adjacent mass, which represents focal 
nodular hyperplasia (asterisk). E, Subsequent venous phase 
image showing the washout appearance of the adenoma 
(arrow) and isointense signal of the focal nodular hyperplasia 
(asterisk), a so-called stealth lesion. 


fibrosis, autosomal dominant polycystic kidney disease, polycystic 
liver disease, and Caroli disease.” Their size is variable but most 
bile duct hamartomas are smaller than 10 mm, and they can range 
in number from a solitary lesion to innumerable lesions scattered 
throughout the liver (Fig. 11-6).” They can be mistaken for 
simple cysts and, more importantly, occasionally for other lesions, 
such as liver metastases, microabscesses, or lymphoma/leukemia, 
if one is not familiar with this entity.” 

On ultrasonography, these lesions will typically be small and 
scattered throughout the liver. They can be hypoechoic or hyper- 
echoic and may display a comet tail artifact. This variability in 
echogenicity is thought to relate to the size of the dilated bile duct 
component; depending on the size of their microcystic structure, 
their complex internal architecture might attenuate the ultra- 
sound echo." 
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e Fig. 11-6 Bile duct hamartomas and hemangioma. A, Axial 
T2-weighted fat-suppressed image demonstrating numerous sub- 
centimeter T2 hyperintense lesions scattered throughout the liver as 
seen with bile duct hamartomas. B, Axial precontrast T1-weighted 
image showing these lesions to be T1 hypointense. C, Postcontrast 
T1-weighted imaging during venous phase demonstrates numerous 
bile duct hamartomas that lack enhancement and one small contrast- 
filled hemangioma (arrow). 


On CT, bile duct hamartomas appear as small hypodense 
round lesions of simple fluid density (when they are large enough 
for one to obtain a density value) and lack enhancement. On MR 
imaging, they show T2 hyperintense signal similar to cysts and 
have a thin wall, lack internal enhancement, and will not com- 
municate with the biliary tree. They may have lobulated margins, 
thin septations, a characteristic thin rim of enhancement related 
to compressed adjacent liver parenchyma and/or resultant inflam- 
mation, and a small mural nodule secondary to conjunctive 
septa.” These lesions will lack restricted diffusion and instead 
will display T2 shine-through (or hyperintense signal on both 
diffusion-weighted images and the apparent diffusion coefficient 
map) because of their cystic nature. Conversely, microabscesses 
and many metastases will demonstrate restricted diffusion, allow- 
ing differentiation. Bile duct hamartomas are not clinically 
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important, but it is critical to distinguish them from more signifi- 
cant lesions. 

Martin et al.“ described a less common variant of these lesions 
termed giant bile duct hamartomas. These are usually larger than 
2 cm, with some exceeding 10 cm, and can cause complications 
such as hemorrhage and pain. A helpful key to this diagnosis is 
that more typical smaller bile duct hamartomas coexist through- 
out the liver. 


Biliary Cystadenoma 


Biliary cystadenoma is a rare cystic neoplasm that can occur at 
any age but tends to affect middle-aged women. Many believe 
that all biliary cystadenomas are premalignant. On pathologic 
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examination, the presence of ovarian stroma is a favorable prog- 
nostic indicator. Most of these lesions are intrahepatic. They are 
typically large, slow-growing cystic lesions, with a mean size of 
12 cm. They can present with nonspecific abdominal pain or 
jaundice or can be discovered incidentally. “6 

On ultrasonography, they appear as a large, well-defined mul- 
tilobulated oval intrahepatic cystic mass with internal septations. 
They can have papillary excrescences and fluid-fluid levels.” On 
CT, they may appear as a hypodense intrahepatic mass with 
internal septa and mural nodules, with enhancement seen along 
its wall and internal septations.“ On MR imaging, they are typi- 
cally well-defined, multilobulated T2 hyperintense masses with 
internal septations (Fig. 11-7). They show variable signal intensity 
on T 1-weighted images due to the presence or absence of protein- 
aceous content or blood products, and fluid-fluid levels may 


e Fig. 11-7 Biliary cystadenoma. A, Axial T2-weighted image dem- 
onstrating a large multiseptated T2 hyperintense hepatic mass cen- 
tered in the left and caudate lobes. B, Coronal T2-weighted image 
showing the resultant mass effect with inferior displacement of the 
adjacent common duct (arrow). C, Axial postcontrast T1-weighted 
image demonstrating diffuse septal enhancement but no mural nodu- 
larity or other solid component. 


occasionally be observed. MR imaging has been shown to better 
demonstrate enhancement of the capsule, septa, and mural 
nodules than CT, as well as to better evaluate the relationship 
between the mass and the bile ducts and detect intraductal tumoral 
extension. 

It can be difficult to differentiate biliary cystadenoma from 
its malignant counterpart biliary cystadenocarcinoma, although 
the presence of nodularity and solid components increases the 
likelihood of malignancy.“ Generally, all require complete 
surgical excision because biliary cystadenomas are considered pre- 
malignant and have a high rate of recurrence and occasionally 
undergo malignant transformation if not resected.“° If they are 
completely resected, the prognosis is excellent. The differential 
diagnosis includes other masses that may resemble multiseptated 
or multilobulated cystic masses such as abscesses, hydatid cysts, 
or cystic metastases. 


Hepatic Abscess 


Pyogenic liver abscess is the most common type of liver abscess 
and accounts for approximately 80% of all liver abscesses in the 
United States and the Western world.” It is a collection of pus 
that forms within the liver as a result of bacterial infection, with 
subsequent destruction of the liver parenchyma.”’”* The most 
common source of this type of infection is from biliary tract 
disease, including ascending cholangitis that results from biliary 
obstruction or biliary procedures.”*”* Other causes include hema- 
togenous spread of infection from a gastrointestinal source such 
as appendicitis and diverticulitis via the portal vein or septicemia 
via the hepatic artery, superinfection of necrotic liver parenchyma 
or tumor, and intrahepatic rupture of the gallbladder from chole- 
cystitis.” Hepatic abscesses resulting from a biliary source tend 
to be greater in number and smaller than those resulting from 
hematogenous spread. If the source is hematogenous, a greater 
number of the abscesses will be located in the right hepatic lobe 
because of increased portal blood flow to the right lobe com- 
pared with the left lobe.”’”’ More than half of liver abscesses are 
polymicrobial.” Risk factors for liver abscess include underly- 
ing hepatobiliary disease, history of biliary intervention or liver 
transplantation, and diabetes.” Patients typically present with 
fever, chills, and right upper quadrant pain; other symptoms at 
presentation may be more vague, such as weight loss or nonspe- 
cific abdominal pain.” 

On ultrasonography, hepatic abscesses can have a variable 
appearance, ranging from discrete hypoechoic or hyperechoic 
nodules to ill-defined areas of altered echogenicity. The echo- 
genicity can vary depending on the internal complexity and 
debris. Posterior acoustic enhancement may or may not be present. 
If internal gas is present, it can create linear areas of echogenicity 
with “dirty” posterior acoustic shadowing or reverberation arti- 
fact.” On CT, hepatic abscesses can present as discrete nodules 
with perilesional enhancement secondary to adjacent inflamma- 
tion. They can be unilocular with smooth margins or multisep- 
tated lesions with irregular contours. Internal gas increases 
suspicion for an abscess but is often not present.” On MR 
imaging, hepatic abscesses tend to be well-demarcated T2 
hyperintense/T1 hypointense masses with or without septations 
and demonstrate peripheral rim enhancement and lack of central 
enhancement.” There can also be perilesional edema, with T2 
hyperintensity and enhancement seen in the surrounding liver 
parenchyma. DWI is particularly helpful for diagnosis and 
exclusion of other lesions such as cysts, because abscesses show 
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restricted diffusion secondary to the high viscosity of purulent 
material (Fig. 11-8). 

Early diagnosis and treatment of liver abscess is very important, 
as is identifying the underlying source and cause of the abscess. 
Use of broad-spectrum antibiotics should be initiated as soon as 
possible and tailored once the organism and its sensitivities are 
known. Some abscesses, particularly if large (>5 cm), require 
image-guided percutaneous drainage, which has largely replaced 
surgical procedures. Treatment of the underlying cause, such as 
biliary obstruction, is also needed.?'”*””” 


Hepatocellular Carcinoma 


HCC is the most common abdominal malignancy worldwide and 
usually occurs in patients with underlying liver disease. The great- 
est predisposing factor is cirrhosis, regardless of its cause. Among 
those patients with cirrhosis, patients with chronic viral hepatitis 
B or hepatitis C and high alcohol intake are at greatest risk of 
HCC." In the United States, the incidence of HCC is rising and 
is expected to continue to increase. Not only has nonalcoholic 
steatohepatitis become recognized as an important risk factor, 
diabetes and obesity have also been found to be independent risk 
factors for HCC.“ HCC can also develop in noncirrhotic livers 
even without other identifiable risk factors. 

HCC has a poor prognosis when diagnosed after the onset of 
symptoms (0-10% 5-year survival rate). However, HCC can be 
effectively treated if it is detected at an early stage. O&-Fetoprotein 
levels are often not elevated in small lesions, and this tumor 
marker lacks adequate sensitivity and specificity for effective HCC 
surveillance.” The American Association for the Study of Liver 
Diseases practice guidelines recommend that patients with cirrho- 
sis of any cause be screened every 6 months for HCC by ultraso- 
nography.® Hepatitis B carriers without cirrhosis who are Asian 
men older than 40 years, are Asian women older than 50 years, 
are African American, or have a family history of HCC should 
also be screened by ultrasonography. Per American Association 
for the Study of Liver Diseases guidelines, a nodule smaller than 
1 cm detected during surveillance should be followed up with 
ultrasonography at 3- to 6-month intervals to assess it for stability 
or growth. Nodules larger than 1 cm should be further evalu- 
ated with contrast-enhanced MR imaging or multiphasic CT. 
Contrast-enhanced MR imaging is generally preferred, given its 
overall advantages in the ability to detect and better characterize 
liver masses.°' Ultrasonography has limitations in the detection 
of small HCCs or even large infiltrating HCCs in the setting 
of cirrhosis, given the background heterogeneity and coarsened 
echotexture of the liver, as well as in patients whose body habitus 
precludes satisfactory evaluation. Depending on physician and 
institutional preference, MR imaging may be used for HCC sur- 
veillance in high-risk patients because of its higher sensitivity and 
specificity, especially in a transplant center. 

An overview of cirrhotic nodules is helpful for image interpre- 
tation. Cirrhosis is characterized by advanced fibrosis and forma- 
tion of regenerative nodules, which are usually difficult to detect 
on imaging because of their small size and ability to blend in 
with the adjacent liver parenchyma. They may be visible on unen- 
hanced CT when they are surrounded by low-attenuating fibrotic 
bands or if they are hyperdense because of increased iron content 
(siderotic nodules). On MR imaging, regenerative nodules may 
appear isointense to hypointense to liver on T2-weighted images 
and isointense to hyperintense on T 1-weighted images. They dem- 
onstrate enhancement similar to adjacent liver on postcontrast 
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e Fig. 11-8 Pyogenic liver abscess. A, Axial T2-weighted image demonstrating a heterogeneously T2 hyperintense mass with multiloculated appear- 
ance in the right hepatic lobe posterior segment (arrow). B, Axial precontrast T1-weighted image showing hypointense signal of the multiloculated or 
multiseptated mass (arrow). C, Arterial phase postcontrast image demonstrating wall and septal enhancement of the mass, which represents an abscess 
(arrow). D, Venous phase postcontrast image showing a similar appearance of the abscess (arrow), including lack of progressive enhancement that, if 
present, would suggest other causes. E, High 6-value diffusion-weighted magnetic resonance imaging shows hyperintense signal within the mass (arrow). 
F, Low signal intensity on the corresponding apparent diffusion coefficient map confirms restricted diffusion, which is a typical feature of an abscess 


(arrow). 


images because of their portal venous blood supply. Although 
benign, regenerative nodules may progress along a pathway of 
carcinogenesis to become dysplastic nodules or HCC. Dysplastic 
nodules have a variable appearance, and their features may overlap 
with those of regenerative nodules and well-differentiated HCC. 
Low-grade dysplastic nodules are usually T2 hypointense, but 
high-grade dysplastic nodules tend to show slightly increased T2 
signal. T1 images are not helpful for differentiation as both low- 
grade and high-grade dysplastic nodules have variable T1 signal 
intensity ranging from hypointense to hyperintense.” As dediffer- 
entiation progresses, angiogenesis leads to a shift from venous to 
predominantly arterial perfusion, typically occurring during the 
transition from low-grade to high-grade dysplasia.“ Arterial phase 
hyperenhancement of a nodule is the single most important and 
consistently observed feature of HCC.” Marked arterial phase 
enhancement should therefore suggest HCC, but there can be 
overlap among dysplastic nodules and other lesions.‘ However, the 
combination of arterial phase hyperenhancement and subsequent 
washout on later images or hypointensity on hepatocyte phase 
images (if gadoxetic acid contrast agent is used) is highly specific 
for HCC, even in small nodules.” Occasionally, a nodule-in- 
nodule appearance of a small hypervascular HCC developing 
within a larger dysplastic or regenerative nodule is observed on 
MR imaging.” Many HCCs are diagnosed in patients without 
premalignant lesions observed on earlier imaging, and HCC can 
occur in the absence of cirrhosis, as classically seen in patients with 
chronic hepatitis B, indicating an alternative de novo pathway of 
HCC development.” 

Classic HCC observed on CT or MR imaging is a mass that 
demonstrates (1) arterial phase hyperenhancement, (2) subse- 
quent washout during portal venous phase or more delayed 
images, and (3) delayed capsular or pseudocapsular enhancement 
(Fig. 11-9). When present, these three major features allow HCC 
to be treated without the need for biopsy confirmation.” However, 
HCCs can have a variable appearance. Whereas most HCCs are 
hypervascular (80-90%), some HCCs will appear hypovascular 
during the arterial phase (10-20%). Small HCCs are often 
homogenous and well defined, whereas large HCCs are more 
likely to appear heterogeneous because of intralesional fat, hemor- 
rhage, or necrosis and can display features such as extracapsular 
extension with satellite nodules or invasion of the portal or hepatic 
veins (Fig. 11-10). Tumor thrombus is easily recognized as it 
expands the vascular lumen and may show arterial phase enhance- 
ment, whereas bland thrombus does not enhance or expand the 
lumen and instead may cause the lumen to contract. In 
addition, tumor thrombus is often contiguous with the primary 
tumor and mirrors the signal characteristics and enhancement 
pattern of the parenchymal mass.” 

Several treatment options exist for HCC, including surgical 
resection, local ablative procedures, and chemoembolization; 
however, liver transplantation offers the best chance for long-term 
survival in patients with cirrhosis and early-stage HCC.” There 


is an ongoing push to improve consistency in the imaging diag- 
nosis, classification, and reporting of HCC. This is of particular 
importance in patients with early- or limited-stage disease (defined 
by the Milan criteria as one HCC of 5 cm or smaller or up to 
three HCCs of 3 cm or smaller) that are eligible for transplant. 
In 2008, the Organ Procurement and Transplantation Network 
(OPTN) and the United Network for Organ Sharing introduced 
a policy for liver transplantation in patients with HCC. The policy 
addressed the minimal technical specifications for CT and MR 
imaging hardware, recommended imaging protocols, mandatory 
imaging diagnostic criteria, and standards for reporting and inter- 
pretation at OPTN-approved transplant centers.” HCC increases 
the priority of liver transplantation for candidates that fall within 
the Milan criteria. The goal of this OPTN policy is not to achieve 
maximum sensitivity for detection of possible HCC, as this could 
lead to transplant in patients with a false positive HCC diagnosis 
ahead of other candidates, but is rather to raise the specificity of 
HCC diagnosis. The latest version of the OPTN policy for alloca- 
tion of livers can be accessed online (http://optn.transplant.hrsa 
.gov/governance/ policies). 

All definitive HCCs are categorized as OPTN class 5 lesions. 
Early-stage (stage I) HCC includes: (1) class 5A, a single nodule 
1 cm or larger but smaller than 2 cm that demonstrates arterial 
phase hyperenhancement in addition to subsequent washout with 
capsule/pseudocapsule enhancement on delayed phase or has been 
biopsied; and (2) class 5A-g (growth), a single nodule 1 cm or 
larger but smaller than 2 cm that shows arterial phase hyperen- 
hancement and rapid growth (50% or more diameter increase) 
on follow-up imaging 6 months or less apart. Intermediate-stage 
(stage-II) HCC includes class 5B nodules, which are 2 to 5 cm 
in diameter, demonstrate arterial phase hyperenhancement, and 
meet at least one of the following additional criteria: portal venous/ 
delayed washout, late capsule/pseudocapsule enhancement, rapid 
growth on follow-up imaging 6 months or less apart, or biopsy.” 
Class 5T (treated) lesions are any OPTN class 5 or biopsy- 
proven HCC lesions that have undergone locoregional treatment. 
Advanced-stage HCC or class 5X nodules are larger than 5 cm 
and too advanced for liver transplantation except in regions with 
downstaging arrangements.’ Assessment of the Milan criteria is 
based on HCC number, size, and OPTN class before any locore- 
gional therapy, and any surgically resected HCC no longer counts 
toward the Milan criteria.” 

Similarly, the Liver Imaging Reporting and Data System (LI- 
RADS) is an initiative supported and endorsed by the ACR to 
provide another system of standardized terminology and criteria 
for the interpretation and reporting of liver imaging studies per- 
formed on patients with cirrhosis or at risk of HCC. The goals of 
LI-RADS include reducing interobserver variability in lesion inter- 
pretation, standardizing report content and structure, improving 
communication with clinicians, and facilitating decision making 
and monitoring of outcomes.” LI-RADS categorizes observations 
on a scale of 1 to 5 based on the degree of suspicion of HCC 
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in at-risk patients, with LR-1 definite benign and LR-5 definite 
HCC. The remaining categories are LR-4 (probably HCC), LR-3 
(intermediate probability), and LR-2 (probably benign). LI-RADS 
is an evolving document, with the latest version published 
online (http://www.acr.org/Quality-Safety/Resources/LIRADS). 
The criteria for the LR-5 category in LI-RADS v2014 include 
arterial phase hyperenhancement plus at least one other major 
feature (washout, capsule, or threshold interval growth) if the 
mass is 2 cm or larger; arterial phase hyperenhancement plus 
two or more other major features (washout, capsule, threshold 
growth) if the mass is between 1.0 and 1.9 cm; or tumor throm- 
bus in vein (LR-5V). Ancillary features that may favor HCC 
over other masses include mild to moderate T2 hyperintensity, 
restricted diffusion, corona pattern of perilesional enhancement, 
mosaic architecture, nodule-in-nodule appearance, intralesional 
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e Fig. 11-9 Hepatocellular carcinoma. A, Axial T2-weighted image 
showing a faintly T2 hyperintense mass in hepatic segment 8 (arrow). 
B, Postcontrast T1-weighted image demonstrating arterial hyperen- 
hancement of the mass (arrow). C, There is subsequent portal venous 
washout and capsular enhancement of the mass (arrow), diagnostic 
of hepatocellular carcinoma in a patient with cirrhosis. 


fat, focal lesional iron sparing (e.g., in the setting of hemochroma- 
tosis), blood products, and interval growth but less than threshold 
growth criteria (e.g., less than doubling of size over a period of 
more than 6 months). 

Differential diagnosis for HCC includes other hypervascular 
nodules and perfusional abnormalities. Perfusional variants are 
transient areas of arterial phase hyperenhancement that are often 
peripheral in location, triangular or fan-shaped, and lack corre- 
lates on all other sequences.” Central location and/or spherical 
shape may require close follow-up imaging to exclude HCC.” 
Small intrahepatic mass-forming cholangiocarcinomas can show 
arterial phase hyperenhancement and therefore mimic HCC. 
Although less often seen with smaller cholangiocarcinomas, asso- 
ciated features of capsular retraction, peripheral bile duct dilata- 
tion, and vascular encasement rather than tumor thrombus are 
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e Fig. 11-10 Infiltrative hepatocellular carcinoma with satellite nodules and tumor thrombus. A, Axial 
T2-weighted image demonstrating multiple mildly T2 hyperintense hepatic masses (arrows). B, Axial 
precontrast T1-weighted image showing hypointense signal of the masses and similar signal intensity in 
the adjacent portal vein (arrows). C, Axial postcontrast image in the portal venous phase demonstrating 
enhanced tumor thrombus in the portal vein (arrows) due to infiltrating hepatocellular carcinoma. D, Coronal 
postcontrast image showing enhanced tumor thrombus clearly within the right portal vein (arrow). 


typical of cholangiocarcinoma and may allow differentiation from 
HCC.” Confluent hepatic fibrosis is characterized by delayed 
enhancement, capsular retraction, and typical location in the 
anterior segment of the right lobe and medial segment of the left 
lobe but occasionally shows arterial phase hyperenhancement and 
therefore could be mistaken for a diffuse or infiltrating subtype of 
HCC. Lobular configuration, contour bulging, satellite nodules, 
and tumor thrombus are features that allow correct diagnosis of 
infiltrating HCC.” Hemangiomas are less commonly seen in the 
cirrhotic liver but can pose a diagnostic challenge because typical 


imaging features are often lost and may be mistaken for HCC. 
The presence of more typical features of hemangioma on prior 
imaging or stability over time may facilitate the diagnosis, whereas 
interval growth in a cirrhotic liver raises concern for HCC.” 


Cholangiocarcinoma 


Cholangiocarcinoma is a malignancy arising from epithelium 
anywhere along the intrahepatic or extrahepatic biliary tree. His- 
tologically, most cholangiocarcinomas are adenocarcinomas with 
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abundant fibrous stroma. Intrahepatic cholangiocarcinoma is the 
second most common primary hepatic malignancy (10-20%) 
after HCC but accounts for only 10% of all cholangiocarcinomas 
because most are extrahepatic.” Various causes that result in 
chronic biliary inflammation are risk factors for cholangiocarci- 
noma. Common risk factors in the Western world include primary 
sclerosing cholangitis, cirrhosis, chronic hepatitis, and excessive 
alcohol consumption, whereas liver fluke parasitic infection and 
intrahepatic stone disease (recurrent pyogenic cholangitis) remain 
important risk factors in eastern Asia.” 
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Unlike extrahepatic cholangiocarcinoma, which occurs earlier 
because of bile duct obstruction and jaundice, intrahepatic chol- 
angiocarcinoma usually presents as a larger mass because it does 
not produce clinical symptoms in its early stages.*” Hilar cholan- 
giocarcinoma, or Klatskin tumor, is classified either as extrahepatic 
cholangiocarcinoma or its own separate entity.” The best treat- 
ment option for intrahepatic cholangiocarcinoma is curative 
resection, although this is possible in less than half of patients.” 
Imaging plays a major role in diagnosis, tumor staging, and treat- 
ment planning. 


e Fig. 11-11 Intrahepatic mass-forming cholangiocarcinoma. A, Axial T2-weighted image depicting 
a mildly T2 hyperintense mass in the left hepatic lobe (arrowhead) associated with peripheral bile duct 
dilatation (arrow). B, Axial precontrast T1-weighted image showing uniform hypointense signal of the 
mass (arrowhead). C, Postcontrast venous phase image showing irregular peripheral enhancement of 
the mass (arrowhead). D, Delayed postconitrast image demonstrating further delayed enhancement of 
the mass (arrowhead) as seen with cholangiocarcinoma because of its fibrous stroma. 


On the basis of the pattern of growth, intrahepatic cholangio- 
carcinoma has been further classified into three subtypes: (1) 
mass-forming, (2) periductal infiltrating, and (3) intraductal 
growing types. Whereas for the intraductal growing type there can 
be excellent prognosis after surgery, the prognosis for mass- 
forming and periductal infiltrating types is generally unfavor- 
able.*’ Each morphologic type of intrahepatic cholangiocarcinoma 
has unique imaging characteristics. 

Intrahepatic mass-forming cholangiocarcinomas are well- 
defined masses with irregular borders. Capsular retraction, central 
necrosis, peripheral bile duct dilatation, and the presence of satel- 
lite nodules may be observed. Tumor may encase adjacent vessels, 
but visualization of intraluminal tumor thrombus is rare.” The 
appearance is variable on ultrasonography; tumors smaller than 
3 cm are usually hypoechoic or isoechoic and those larger than 
3 cm are often hyperechoic. A peripheral hypoechoic rim may be 
seen in approximately 35% of masses.” On CT, it is commonly 
seen as a low-attenuating mass with irregular peripheral enhance- 
ment during the arterial phase and gradual centripetal enhance- 
ment. Delayed images obtained at 5 to 10 minutes may aid in 
characterization, as there is typical delayed enhancement of the 
mass greater than that of adjacent liver owing to its abundant 
fibrous stroma.” MR imaging typically shows T2 hyperintense 
signal of the mass and may better demonstrate peripheral and 
gradual centripetal enhancement compared with CT (I 
11-11).” Gadoxetic acid-enhanced MR imaging may result in 
improved lesion conspicuity and detection of satellite nodules on 
delayed hepatocyte phase images.” 

Small mass-forming cholangiocarcinomas can show more 
uniform enhancement during the arterial phase and appear as a 
hypervascular mass. Usually seen in lesions smaller than 3 cm, this 
atypical enhancement pattern is much more commonly seen in 
patients with chronic liver disease.*' Many of these hypervascular 
lesions show persistent enhancement on delayed images, but some 
may demonstrate washout and mimic HCC in the cirrhotic 
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liver.*'** Surgical resection is the only curative option for intrahe- 
patic mass-forming cholangiocarcinoma. Misdiagnosis as HCC 
may result in selection of a treatment option (such as transarterial 
chemoembolization or radiofrequency ablation) that is effective 
for HCC but not as effective for cholangiocarcinoma.*’ Depend- 
ing on the enhancement pattern, the differential diagnosis may 
include combined HCC and cholangiocarcinoma, metastatic 
disease, sclerosing hemangioma, and abscess. 

Intrahepatic periductal infiltrating cholangiocarcinoma refers to 
a pattern of tumor growth along a bile duct without mass forma- 
tion. On CT or MR imaging, this manifests itself as diffuse 
periductal thickening and increased enhancement along an irregu- 
larly dilated or narrowed bile duct. This subtype is rarely seen in 
intrahepatic cholangiocarcinoma but accounts for most hilar chol- 
angiocarcinomas.”” During early stages, the appearance may 
overlap with that of a benign stricture. Long-segment involvement 
with an irregular margin, asymmetric narrowing, ductal enhance- 
ment, and lymph node enlargement or a periductal soft tissue 
lesion should raise concern for malignant stricture.” 

Unlike the other subtypes, intraductal cholangiocarcinoma is 
a slow-growing tumor with a relatively favorable prognosis. Most 
intraductal cholangiocarcinomas are papillary adenocarcinomas 
and are small sessile or polypoid tumors.”” Imaging manifestations 
include diffuse and marked ductectasia with or without a visible 
mass, an intraductal polypoid mass causing localized biliary dilata- 
tion, intraductal castlike lesions within a mildly dilated duct, or 
a focal stricture-like lesion with mild proximal biliary dilatation.” 
MR imaging or triphasic CT with initial noncontrast images can 
differentiate intraductal cholangiocarcinoma from intraductal 
stone disease by demonstrating soft tissue enhancement. 


Metastases 


Metastatic disease of the liver is seen much more commonly than 
the occurrence of primary hepatic malignancies. Whereas it is 


e Fig. 11-12 Hepatic metastases from breast cancer on ultrasonography. A, Ultrasonography of the 
liver demonstrates multiple hepatic masses, including some with a hypoechoic halo (arrowheads) and 
one with central hyperechoic foci reflecting calcification (arrow). B, Closer view of a metastasis demon- 
strating central calcifications (arrow) and associated posterior acoustic shadowing. 
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e Fig. 11-13 Hepatic metastases from gastrointestinal stromal tumor. A, Axial T2 fat-suppressed image 
showing a cluster of masses in the right hepatic lobe and central cystic change or necrosis of the largest 
mass (arrow). B, These metastases, including the solid portion of the largest mass (arrow), appear hypo- 
vascular relative to adjacent liver during the portal venous phase. C, High b-value diffusion-weighted 
image showing associated restricted diffusion with hyperintense signal in the solid portion of the dominant 
mass (arrow) and other metastases. D, The solid portion of the dominant mass (arrow) displays low signal 
on the corresponding apparent diffusion coefficient map, confirming restricted diffusion, whereas the 


central cystic or necrotic portion does not. 


most often identified as multiple masses, hepatic metastatic disease 
can present as a solitary or larger confluent mass. Metastases have 
a variable appearance on ultrasonography. It is likelier that a 
hypoechoic halo will be seen with metastatic lesions than with 
benign lesions.” Internal calcifications can be associated with 
metastases arising from mucinous gastrointestinal tumors, as well 
as some breast, ovarian, lung, renal, and thyroid metastases (Fig. 


11-12).*° The appearance of metastases on contrast-enhanced CT 
or MR imaging depends on the degree of hepatic arterial supply. 
Hypovascular metastases such as those from colon, lung, prostate, 
gastric, and bladder carcinomas are best seen during the portal 
venous phase as hypoenhanced masses relative to the adjacent liver 
and can also show delayed enhancement.” Hypervascular metas- 
tases such as those resulting from neuroendocrine tumor, renal 
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e Fig. 11-14 Hepatic metastases from melanoma. A, Axial T2 fat-suppressed image demonstrating 
two T2 hyperintense masses peripherally in the liver (arrows). B, These masses display intrinsic T1 hyper- 
intense signal due to melanin content (arrows). C, Postcontrast images demonstrating uniform enhance- 


ment of the metastases (arrows). 


cell carcinoma, melanoma, sarcoma, and thyroid carcinoma are 
best detected on hepatic arterial phase images and may demon- 
strate washout on delayed images.” Hypervascular metastases are 
often T2 hyperintense on MR imaging. Some metastatic lesions 
may show cystic change or necrosis if there has been rapid growth 
(Fig. 11-13). Most metastases are T1 hypointense, but T1 hyper- 
intense signal can occur with hemorrhagic or melanoma metasta- 

Fig. 11-14). MR imaging using the hepatocyte-specific 
contrast agent gadoxetic acid and DWI improves detection of 


small metastases and can be helpful for more accurate staging.” 
The ACR Appropriateness Criteria assign a higher rating to 
contrast-enhanced MR imaging than CT for patients with sus- 
pected liver metastases on surveillance imaging and when findings 
are possibly but not definitively benign.” Whereas percutaneous 
biopsy may be indicated, positron emission tomography com- 
bined with CT can also be useful in some settings to confirm 
suspected liver metastases when the primary tumor is known to 
be ['“F]fluorodeoxyglucose avid. 
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Summary of Magnetic Resonance Imaging Features of Focal Liver Lesions 


No enhancement 


Readily diagnosed by 
ultrasonography 


Cysts Markedly T2 T1 hypointense 
hyperintense 

Biliary cystadenoma Markedly T2 Variable because of the 
hyperintense presence of 


proteinaceous or 


hemorrhagic components 


Wall and septations can show 
enhancement 


Presence of nodularity and solid 
components increases the 
likelihood of malignancy 


Hepatic abscess Usually T2 hyperintense 11 hypointense 


Wall enhancement Restricted diffusion is helpful in 


diagnosis 


Hemangioma T2 hyperintense, 
similarly to or slightly 


less so than cysts 


T1 hypointense 


Discontinuous peripheral nodular 
enhancement with progressive 
fill-in 


Classically hyperechoic on 
ultrasonography 


Focal nodular Isointense to slightly T2 Isointense to slightly T1 


Homogeneous arterial Retains contrast on 20 min-delayed 


hyperplasia hyperintense; hypointense; hypointense hyperenhancement, becomes images when a hepatocyte- 
hyperintense central central scar less intense (fades) on more specific contrast agent is used; 
scar delayed images; central scar central scar helps in diagnosis 
shows delayed enhancement 
with conventional gadolinium 
Adenoma Variable, often T2 Variable due to the presence Variable, typically shows arterial Presence of intralesional fat in 


hyperintense of fat or hemorrhage 


phase enhancement young or middle-aged women 
can help distinguish these 
lesions from other lesions; 
hypointense signal on 20 min- 
delayed magnetic resonance 
imaging with a hepatocyte- 
specific contrast agent is helpful 


Hepatocellular 
carcinoma 


Variable, often mildly T2 
hyperintense 


Variable, often T1 
hypointense 


OPTN and LI-RADS for classification 
and standardization of reporting 


Arterial phase hyperenhancement 
with portal venous/delayed 
washout and capsular 
enhancement 


Cholangiocarcinoma Mildly T2 hyperintense T1 hypointense 


Progressive centripetal and delayed 
enhancement 


Volume loss with capsular retraction 
and peripheral bile duct dilatation 
can be helpful in diagnosis 


LI-RADS, Liver Imaging Reporting and Data System; OPTN, Organ Procurement and Transplantation Network. 


Conclusion 


Focal hepatic masses are commonly encountered on imaging, and 
accurate characterization has obvious implications for patient 
care. The ability to do this has improved in recent years because 
of advances in imaging techniques, as well as a better understand- 
ing of certain lesions themselves. Many lesions have character- 
istic appearances on imaging. Unnecessary biopsy, surgery, or 
costly follow-up examinations can be avoided when a lesion is 


definitively characterized as benign. Contrast-enhanced liver pro- 
tocol CT or MR imaging plays a vital role in the diagnosis and 
accurate staging of primary hepatic malignancies and metastatic 
disease. MR imaging has advantages in characterizing liver lesions 
(Table 11-2), especially by those with expertise in hepatic imaging. 
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“For the King of Babylon stood at the parting of the way ... to use divination; 


he made his arrows bright, he consulted with images, he looked in the liver.” 


—Ezekiel 21:21 


ABBREVIATIONS 


AFLD alcoholic fatty liver disease 

AIH autoimmune hepatitis 

AMA antimitochondrial antibody 

ANA antinuclear antibody 

BMI body mass index 

CCa cholangiocarcinoma 

CD68 cluster designation 68 

CMV cytomegalovirus 

CRP C-reactive protein 

DILI drug-induced liver injury 

DM diabetes mellitus 

DN dysplastic nodule 

EBV Epstein-Barr virus 

FFPE formalin fixed, paraffin embedded 
FNH focal nodular hyperplasia 

GS glutamine synthetase 

GVHD graft-versus-host disease 

H&E hematoxylin and eosin 

HAV hepatitis A virus 

HCA hepatocellular adenoma 

HCC hepatocellular carcinoma 

HCV hepatitis C virus 

HHT hereditary hemorrhagic telangiectasia 
HPS hepatoportal sclerosis 

HSP heat shock protein 

HSV herpes simplex virus 

IAD idiopathic adulthood ductopenia 
ICP intrahepatic cholestasis of pregnancy 
K7, K19 keratin 7, keratin 19 

NAFLD nonalcoholic fatty liver disease 
NASH nonalcoholic steatohepatitis 
NRH nodular regenerative hyperplasia 
ORO oil red O stain 

PASd periodic acid—Schiff after diastase 
PBC primary biliary cholangitis 

pCEA polyclonal CEA 

PFIC progressive familial intrahepatic cholestasis 
PSC primary sclerosing cholangitis 

SAA serum amyloid A 

SLE systemic lupus erythematosus 


Introduction 


Even with the advances being made in imaging and genetic studies 
of the “liquid biopsy,” understanding fundamental morphologic 
lesions that occur in liver diseases remains relevant for physicians 
caring for patients with the various liver diseases, as well as for 
researchers developing the noninvasive tests that will ultimately 
replace liver biopsy. Often a liver biopsy is the basis for the final 
determination of medical or surgical treatment for a patient in 
whom the laboratory values are not adequately discriminating. No 
longer necessary for grading and staging most chronic liver dis- 
eases, liver biopsy does remain the diagnostic test for nonalcoholic 
steatohepatitis and in some cases distinguishing it from alcoholic 
hepatitis. Characterizing various drug reactions beyond the clini- 
cal scenarios has benefited greatly from the input of careful his- 
topathologic correlation, and our knowledge of tumors of the liver 
has grown exponentially with the newer tools available to patholo- 
gists. This chapter provides more than an overview of the pathol- 
ogy of the liver; references to prior observations are occasionally 
made for the purposes of credit and enrichment, as well as grati- 
tude to our predecessors. 


Clinical-Pathologic Correlations 


In current practices of hepatology, hepatobiliary surgery, and liver 
transplantation, pathologic studies remain integral in diagnosis 
and clinical decision making. Although many noninvasive tests 
continue to be developed (including combinations of serologic 
markers, imaging findings, and patient demographics), histo- 
pathologic studies remain the standard against which all other 
test results are judged. Stereotypic histologic features are com- 
monly recognized and can broadly categorize disease processes as 
hepatitic, cholestatic, vascular, or neoplastic, but rarely do the 
histologic features alone suffice for the determination of a final 
diagnosis. Rather, in most situations, a differential diagnosis exists 
for identified lesions. An example is the duct lesion characterized 
by infiltration into the interlobular duct by lymphocytes. This 
lesion can occur in hepatitis C virus (HCV) infection (known 
as the Christoffersen-Poulsen lesion described in 1972), the florid 
duct lesion of primary biliary cholangitis, which is a necessary 
component of acute allograft rejection, a common finding in 
drug-induced liver injury (DILI), and an occurrence in some cases 
of autoimmune hepatitis (AIH). Thus adequate clinical informa- 
tion is necessary for, and often integrated into, a final pathology 
diagnosis. It is a personal choice of the pathologist as to when in 
the course of liver biopsy interpretation the clinical indications 
for the biopsy and accompanying pertinent clinical information 
are known. 
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Tissue Preparation and Stains 


Rarely is there a reason not to place a liver biopsy into formalin 
immediately after procurement; the exception is for the rapid, 
frozen section diagnosis at the time of surgery. Routine histochemi- 
cal studies and an ever-increasing array of immunohistochemical, 
in situ hybridization, and nucleic acid retrieval—based studies have 
been optimized for use with formalin-fixed, paraffin-embedded 
(FFPE) tissues. Copper and iron quantitation studies are routinely 
performed from the FFPE tissue remaining in the block. The 
exceptions to this include the need for fresh tissue (e.g., flow 
cytometry processing of a hematopoietic process, pediatric liver 
biopsies for enzymatic assays) and glutaraldehyde fixation for 
ultrastructural evaluation. On the other hand, the consideration 
of acute fatty liver of pregnancy can be successfully addressed if 
the specimen has not been processed into paraffin. Formalin-fixed 
biopsies can be frozen and cut onto charged or albumin-coated 


glass slides, with the application of oil red O (ORO) stain used 
to identify microvesicular steatosis. The same core can then be 
processed through paraffin embedding for routine evaluation and 
workup for the differential diagnoses, as discussed hereafter. 

During submission for routine evaluation of any liver biopsy, 
embedding sponges and ink are not only unnecessary but often 
result in detrimental artifacts, and thus are both to be strongly 
discouraged. The former leads to distortion artifacts that create 
nonanatomic angled holes throughout the biopsy core’; the latter 
results in adherent pigment that may obscure cells and structures 
or may even be confused for bile or other pigments. 

Abundant information can be obtained from a careful, system- 
atic review of sectioned levels of hematoxylin- and eosin-stained 
(H&E) tissue; preferably three levels are available, one each from 
the beginning, middle, and end of the sectioned ribbons. Addi- 
tional special stains utilized for evaluation can serve useful diag- 
nostic purposes (Table 12-1). Hepatopathologists have their own 


Useful Histochemical and Immunohistochemical Stains for Liver Biopsy Interpretation 


Hepatic plate thickness; cord architecture; loss or altered 
reticulin is noted in steatotic processes and in 
hepatocellular carcinoma 


Reticulin Collagen, type Ill 

Trichrome Collagen, type | 

Sirius red Several collagens 

Periodic acid—Schiff after diastase (PASd; Globules of A1AT; bile duct basement 
DPAS) membranes; activated Kupffer cells; 


Periodic acid—Schiff (PAS) 


Iron (modified Perls’) 


Rhodanine 


Orcein, Victoria blue 


Congo red, thioflavin T, crystal violet 
Verhoeff-van Gieson 
Oil red O 


Immunohistochemical Stain/Antigen 


periportal dark granules may be copper 
Glycogen 


Iron granules (blue); identification of bile 
(yellow-brown) and lipofuscin (yellow 
granules) 


Copper detection 


Copper binding protein 


HBV surface antigen 


Elastic fibers 


Positive identification of amyloid* 
Elastic fibers, smooth muscle vessel walls 


Lipid 


Pattern(s) of Reactivity 


HB S Ag/hepatitis B surface antigen 


HB C Ag/hepatitis B core antigen 
Anti-o.1-antitrypsin (A1AT)/A1AT protein 


Cytomegalovirus (CMV) 


Cytoplasmic; membranous; inclusion 


Nuclear + cytoplasmic 


Globules: rim positive, center negative or 
diffusely positive 
Cytoplasmic “blush” 


Nuclear reactivity in infected cells 


Native collagen and fibrosis; architecture evaluation; 
identification of small outflow veins 


Architecture; abnormal connective tissue deposition 


Detection of periportal globules represents Z allele; does 
not determine zygosity 


Highlights portal tract architecture by absence of staining 


Many diseases result in aberrant iron loading; iron stain 
documents cell types, acinar localization, and quantity 


Chronic cholestasis; Wilson disease, especially in 
advanced stages 


Chronic cholestasis; Wilson disease, especially in 
advanced stages 


Chronic HBV 


Presence in true fibrosis; absence of elastic fibers in 
recent parenchymal collapse 


Hepatic amyloidosis: intrasinusoidal, vascular walls 
Positive identification of obliterated outflow venules 


Confirmation of intrahepatocellular lipids in acute fatty 
liver of pregnancy 


Disease Processes 


Indicative of chronic hepatitis B; negative in acute HBV 
infection 


Replicative HBV infection 
A1AT mutation but not diagnostic of ZZ or MZ 


Confirmation of CMV 
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Useful Histochemical and Immunohistochemical Stains for Liver Biopsy Interpretation—cont’d 


HSV1,2 
Adenovirus 


Anti-K8/18 


Anti-K7 


Anti-K19 
p62, ubiquitin, AE1/AE3 


Tumors 


pCEA/polyclonal carcinoembryonic 
antigen 


Anti-CD10/CD10 
Glypican-3 
Hepar/hepatocyte 


B-Catenin 


Nuclear reactivity in infected cells 
Nuclear reactivity in infected cells 


Hepatocytes + periportal progenitor cells, 
biliary cells 


Biliary epithelium + hepatic progenitor 
cells; intermediate hepatocytes 


Biliary epithelium; hepatic progenitor cells; 
intermediate hepatocytes 


Positive identification of Mallory-Denk 
bodies 


Canalicular reactivity in hepatocytes 


Canalicular reactivity in hepatocytes 
Membranous, inclusions, canalicular 


Intracytoplasmic, granular reactivity in 
hepatocytes 


Membranous or nuclear + cytoplasmic 


Confirmation of HSV 
Confirmation of adenoviral infection 


Clearing of hepatocyte cytoplasm is indicative of 
“ballooning”; positive in Mallory-Denk bodies 


Biliary differentiation; cholestatic metaplasia of positive 
enlarged hepatocytes with submembranous reactivity; 
can be seen in zone 3 hepatocytes with ischemia 


Biliary differentiation; more specific for hepatic progenitor 
cells and “intermediate hepatocytes” 


Alcoholic hepatitis; nonalcoholic steatohepatitis; chronic 
cholestatic liver diseases; Wilson disease 


Hepatocellular carcinoma (HCC): canalicular; 
cholangiocarcinoma (CCa): cytoplasmic 


HCC: canalicular; ddx: renal cell cancer: cytoplasmic 
Irregularly positive in HCC 


May be positive in HCC 


Nuclear + cytoplasmic B-catenin is indicative of 


Glutamine synthetase 


Cytoplasmic in rim of perivenular zone 3 


“activation”; membranous is present in normal liver; 
occasionally occurs in adenomas, HCC 


Loss of zonality of reactivity is abnormal; can occur in 


hepatocytes benign proliferations (FNH, adenoma) and is commonly 
strongly reactive in malignant hepatocellular 
neoplasms 
L-FABP Cytoplasmic in normal hepatocytes Absent in HNF-10—mutated HCA 


K19/CK19 
progenitor cells 


Biliary epithelium; marker of hepatic 


Mixed HCC-Cca 


*Use of amyloid stain and Masson trichrome stain will enable positive identification of amyloid. Amyloid will result in a grayish discoloration of the trichrome. 


tSee text. 


preferences, but most employ stains for connective tissue and 
architectural assessment at the very least. Arguments in favor of 
periodic acid—Schiff after diastase (PASd) and iron stains include 
the many uses of PASd (e.g., ease of observation of periportal 
globules of o,-antitrypsin [ALAT] PiZ mutations; evaluation of 
bile duct basement membranes; visualization of enlarged, pig- 
mented Kupffer cells; and the dark magenta pigment in zone 1 
hepatocytes that typically correlates with copper) and iron (e.g., 
iron-free foci in cirrhosis with iron overloading can be a marker 


of dysplasia).” 


Approach to Microscopy 


Systematic review of liver biopsies assists in the identification of 
diagnostic patterns of injury. Pathologists often interchangeably 
use anatomic terminology based either on Rappaport’s acinar 
concepts of vascular supplies or on Kiernan’s hexagonal lobular 
architecture. In the former, the hepatocytes most proximal to 
blood supply (i.e., portal tracts with portal venous and hepatic 


artery inflow) are referred to as zone 1 and those most distal from 
it are zone 3. Zones 1 and 3 are pear shaped and starfish shaped, 
respectively. According to the lobular architecture described by 
Kiernan, the hepatocytes around the portal tract are referred to as 
periportal and those around the outflow vein as centrilobular or 
perivenular. Although both of these concepts are oversimplifica- 
tions of the microarchitecture of the liver,’ they serve as aids in 
interpretation. It is well recognized that hepatocytes along the 
gradient from inflow to outflow have different functions and 
susceptibilities to pathologic insults. Thus recognition of zonal 
location of injury, pigment deposition, and/or fibrosis is often 
extremely useful in creating a differential diagnosis based on mor- 
phology. Prototypic zonal injuries are noted in Table 12-2. 

‘The assessment of a medically indicated biopsy includes paren- 
chymal architecture as assessed by the presence and spacing of 
vascular structures (terminal hepatic venules and portal tracts) 
and cord architecture (atrophy, hypertrophy, nodularity); the 
presence, location, and types of cellular infiltrates (focal, panaci- 
nar, portal predominant; predominant cell types); hepatocellular 
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Zonal Injury Patterns 


Zone 3/Perivenular 


Canalicular cholestasis (large duct obstruction, 
drugs) 

Paucicellular necrosis (acetaminophen, carbon 
tetrachloride, mushroom toxicity, hypotensive 
shock) 

Ballooning (acute viral hepatitis B, C; 
steatohepatitis; ischemia in allograft) 

Cord atrophy, commonly with prominence of 
sinusoids (chronic venous outflow obstruction) 

Hepatocellular pigment (lipofuscin) 

Inclusions (fibrinogen or induction cells) 

Perisinusoidal fibrosis (steatohepatitis, outflow 
obstruction) 

Sclerosing hyaline necrosis (alcoholic hepatitis) 


Zone 1/Periportal  Ductular cholestasis (sepsis) 

Paucicellular necrosis (eclampsia, DIC, cocaine, 
phosphorus, ferrous sulfate) 

Feathery change (cholate stasis) 

Necroinflammatory (viral hepatitis A, E) 

Hepatocellular pigment (copper) chronic 
cholestasis, (iron) multiple causes, (lipofuscin- 
like pigment) Dubin Johnson pigment 

Eosinophilic inclusions (c-antitrypsin globules) 

Portal, periportal fibrosis (chronic hepatitis, most 
causes; methotrexate; chronic biliary diseases) 


DIC, Disseminated intravascular coagulation. 


injury patterns (single cell apoptosis, spotty necroses, confluent 
necroses, zonal or nonzonal necroses, bridging necroses, regenera- 
tive hepatocellular changes and/or ductular reaction); and inter- 
lobular bile duct evaluation (presence, inflammation, features of 
cholestasis). The periportal space is often quite informative and 
supportive of the type of injury (Table 12-3). Stereotypical pat- 
terns can provide diagnostic clues as the diagnostician consid- 
ers injury patterns: hepatitic, cholestatic, and vascular diseases 
(Table 12-4). 

For directed lesional biopsies, the initial determination is the 
presence or absence of tissue consistent with a distinct mass lesion. 
Changes recognized as mass effect, such as sinusoidal dilatation 
with or without ductular reaction and portal chronic inflamma- 
tion, suggest proximity to a lesion. If present, these findings 
should not be misinterpreted as necessarily evidence of underlying 
liver disease. Table 12-4 summarizes the morphologic features and 
associated diagnostic possibilities of hepatic injury, and Table 12-5 
highlights unique histopathologic details for specific forms of 
acute and chronic liver diseases. 


Morphologic Lesions of Hepatitis 


Acute Hepatitis 


Acute hepatitis is characterized by intraacinar-predominant find- 
ings of hepatocyte injury, inflammation, and hepatocellular regen- 
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eration. The hepatocytes may be diffusely or zonally involved 
with swelling, cytoplasmic clearing, or lytic necrosis. Most types 
of acute hepatitis affect primarily zone 3, but hepatitides A and 
E are notable exceptions that may show zone 1 accentuation, and 
herpes hepatitis is characterized by nonzonal regions of necrosis. 
Clusters of ceroid-pigmented Kupffer cells and/or mononuclear 
cells may be sparse initially. With resolution, PASd-pigmented 
Kupffer cells may be present in zone 3. Eosinophilic, rounded, 
apoptotic hepatocytes may be noted singly outside the cords. 
Hepatocellular necrosis is detected by foci of spotty necrosis, 
which is recognized as scattered, intraparenchymal collections of 
Kupffer cells surrounding fragments of hepatocellular cytoplasm, 
zone 3 or zone | confluent necrosis, submassive (bridging) necro- 
sis, or massive hepatic necrosis. The types and acinar extent of 
necrosis may be clues to underlying etiology. Necrosis of hepato- 
cytes results in loss of plate architecture and reticulin collapse. 
Inflammatory cells infiltrate diffusely throughout the lobules, and 
sinusoidal lining cells become prominent as they are activated; an 
overall “busy” appearance is apparent. An interesting example is 
the relative lack of hepatocellular injury that accompanies the 
“beads on a string” sinusoidal lymphocytic infiltrates of Epstein- 
Barr virus (EBV) hepatitis. Inflammation in most forms of acute 
hepatitis is predominantly mononuclear cells. Polymorphonuclear 
leukocytes are uncommon in acute hepatitis. Microabscesses, 
however, can be indicative of cytomegalovirus (CMV) infection 
in the allograft liver, and polymorphonuclear leukocytes sur- 
rounding individual hepatocytes (satellitosis) or accompanying 
ductular reaction in zone 1 are characteristic of alcoholic hepatitis 
(discussed later in this chapter). Subendothelial or transmural 
inflammation (phlebitis) of outflow veins can be noted in cases of 
severe acute hepatitis. Chronic portal inflammation may be 
present in varying degrees. In acute hepatitis A or E, portal inflam- 
mation may be equal or predominant to the intraacinar findings 
and may be dominated by plasma cells. Spillover of inflammatory 
cells from portal tracts may be difficult to distinguish from piece- 
meal necrosis or interface activity. Evidence of hepatocellular 
regeneration is common in all forms of acute hepatitis except 
fulminant cases and is characterized by anisonucleosis of hepato- 
cytes, binucleated or trinucleated hepatocytes, broad cords on 
reticulin stain, and, rarely, mitotic figures in hepatocytes. Ductular 
profiles in a seemingly empty stroma may represent the only form 
of regeneration in fulminant liver failure. 

Fibrosis is not present in acute hepatitis. In cases with marked 
collapse, the two-cell-thick regenerative cords of surviving hepa- 
tocytes surrounded by dense reticulin condensation may be con- 
fused with cirrhotic remodeling. The trichrome stain may or may 
not distinguish the deep, vibrant color of the native collagen of 
portal tracts from the paler and less well-defined dye retention of 
the collapsed parenchyma. Reticulin stain highlights the collapse, 
as well as highlighting regenerative cords. Elastic fiber stains such 
as orcein can be quite helpful because elastic fibers are largely 
absent in recent passive collapse but are present in the true active 
septa of fibrosis.“ 

Characteristic findings of particular entities that may result in 
lesions of acute hepatitis are presented in Table 12-5. 

Massive or submassive hepatic necrosis, characterized by pan- 
acinar or bridging parenchymal necrosis, respectively, may be 
histologic features in clinical cases of hepatitis. CD68-positive, 
PASd-pigmented Kupffer cells are easily noted in the residual 
stroma. Ductular reaction, characterized by increased numbers of 
ductular elements and variable amounts of stroma and inflamma- 
tion, may be noted in acute hepatitis when extensive necrosis 


CHAPTER 12 Assessment of Liver Histology 


LE E 
Morphologic Features of Normal and Abnormal Hepatic Parenchyma 


Architecture: Low Power Scanning 


Normal 
Vascular structures normally spaced 
Abornormal 
Vascular structures not normally spaced 
Portal tracts, outflow veins approximated 
Necrosis, collapse (orcein, trichrome stains) 
Fibrosis (trichrome, reticulin stains) 
Parenchymal nodularity (reticulin, trichrome stains) 
With bridging fibrous septa 
With prominent sinusoids 
Without fibrous septa 


Portal Tracts 


Normal 
Normal connective tissue for size 
Branches of hepatic artery, portal vein, bile duct identified 
Rare mononuclear cells 
Abnormal 
Edematous; mild mixed inflammation present 
Increased fibrosis (trichrome, reticulin stains) 
Periportal 
Bridging: portal-portal; portal-central 
Increased ductular profiles (ductular reaction) at limiting plate: hepatocyte 
interface 
Ductal plate malformation 
Ductular reaction; types of inflammation 
Ductular cholestasis (cholangitis lenta) 


Cellular Infiltrates 


Abnormal 
Predominantly chronic inflammatory cells; ? interface activity 
Plasma cells, eosinophils overrepresented 
Pigmented portal macrophages 
Polymorphonuclear infiltrates present; numerous 
Cholangitis 
Cholangiolitis 
Granulomatous inflammation 
Lipogranulomas 
Neoplastic infiltrate 


Bile Ducts 


Normal 

Present (1:1 ratio with hepatic artery) 

Preserved architecture 

Abnormal 

Absent 

Lymphocytic, granulomatous, fibrous obliteration 
Loss of polarity 

Loss of nuclei 

Pyknotic alterations 

Inflammation around and/or into biliary epithelium 
Chronic inflammatory cells 

Acute inflammatory cells 

Granulomatous 

Inflammation in lumina of bile ducts (cholangitis) 


Portal Vein Branch 


Normal 

Present 

Abnormal 

Dilated; not identifiable 

Extruded from portal tract; in direct contact with hepatocytes 

Larger portal tracts: subintimal fibrosis and muscle fibers replaced by scar 
Endotheliitis 


Hepatic Artery Branch 


Normal 

Present; normal size for portal tract 
Abnormal 

Eccentric thickening 

Concentric thickening; amyloid present 
Subendothelial “foam” cells noted 


Vascular Structures of the Acinus 


Normal 

Terminal hepatic venules (central veins) 

Present; normal size 

Abnormal 

Not visualizable without trichrome, VVG stains 
Endophlebitis, endotheliitis 

Dilated; several vascular channels 

Perivenular fibrosis 

Perisinusoidal fibrosis + “unaccompanied” artery present 
Perivenular lipogranulomas with fibrosis 


Sinusoids and Lining Cells 


Normal 

Not noticeable 

Abnormal 

“Sinusoidal reaction” present 

Pigment in sinusoidal lining cells 

Fat droplets prominent in hepatic stellate cells 

Mononuclear cell inflammation confined to sinusoids 
Pigmented and/or enlarged Kupffer cells 

Erythrophagocytosis; hemophagocytosis 

Dilated; zonal location 

With cord atrophy, perisinusoidal fibrosis, red cell extravasation 
Loss of integrity of sinusoidal matrix (reticulin, trichrome stains) 
Markedly enlarged and filled with blood: peliosis 
Extramedullary hematopoiesis 

Malignant infiltrates 

Deposition of amyloid 

Foam cell collections 

Loss of normal reticulin pattern: steatosis; hepatocellular carcinoma 


Hepatocytes 


Normal 

Normal cord and cellular structure 

Abnormal 

Cord atrophy: zonal location 

Loss of normal cord architecture 

Cellular infiltrates: mononuclear; microgranulomas; microabscesses; 
epithelioid granulomas with or without eosinophils 

Hepatitic rosettes 

Cholestatic rosettes 

Ballooning 

Apoptosis 

Spotty necrosis, multifocal 

Zonal necrosis: confluent necrosis; submassive (bridging) necrosis; 
massive (panacinar) necrosis (reticulin, orcein stains) 

Coagulative necrosis 

Hepatocyte inclusions: types and zonal locations 

Cytoplasmic: glycogen, ground glass; steatosis, Mallory-Denk bodies, 
pigments, viral organisms 

Globules, granules 

Canaliculi: dilated, bile plugs 

Nuclear inclusions: glycogen, viral, pseudoinclusions, mitotic figures 

N/C ratio: regenerative small cells; large cell change; small cell change 
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TABLE 


‘eae Broad Morphologic Categorization of Diseases 
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Hepatitic 
Acute Predominantly lobular 
Chronic Predominantly portal or mixed lobular and portal 
Granulomatous 
Cholestatic 
Acute Canalicular cholestasis; predominantly zone 3 
Chronic Bile duct lesions, features of cholate stasis, predominantly 
zone 1 
Cholestatic hepatitis Canalicular cholestasis, zone 3; + foam cells; + duct injury; 
lesions of hepatitis, lobular and portal 
Granulomatous involvement of bile ducts 
Vascular 
Acute: Large Venous Zone 3 sinusoidal dilatation; red cell extravasation into cords 
Outflow 


Acute: Large Arterial 
Inflow (Left Side of 
Heart) 


Zone 3 coagulative necrosis 


Chronic: Large Venous 
Outflow 
venules may be occluded. 


Smallest Terminal Hepatic 
Venules: Sinusoidal 
Obstruction Syndrome 


Various lesions of zone 3 cords, including atrophy, fibrosis 
along cords, + red cell extravasation; terminal hepatic 


Sinusoids irregularly “open,” appear “broken” by reticulin; 
trichrome stain results in affected parenchyma appearing 
different than nonaffected parenchyma; this process is 
nonzonal, and can occur in sinusoids near large 
collagenous structures such as large portal tracts 


Viral A, B, D, E; AIH; drugs; toxins; EBV; HSV; CMV; adenovirus 


Viral B, C, D; AIH; drugs; toxins; metabolic diseases (A1AT, 
Wilson disease, HH, + alcoholic/nonalcoholic steatohepatitis*) 

Opportunistic infection, drugs, chronic hepatitis, Hodgkin 
disease, idiopathic granulomatous hepatitis, chronic 
granulomatous disease 


Large duct obstruction, drugs, sepsis, ICP, PFIC 
PBC, PSC, IAD, drugs, GVHD, sarcoidosis, other 
Drug is most common; severe AIH, viral A, E, B, less often C. 


PBC, rarely in PSC, sarcoidosis 


Large outflow vessel obstruction: thrombosis, oral contraceptive 
use; sudden worsening of right heart failure 
Acute PV thrombosis: usually no histologic features 


Myocardial infarction; shock liver 


Large outflow vessel obstruction, right heart failure; 


Oxaliplatin related, most commonly reported 


SOS-HSCT-related: smallest terminal hepatic venules occluded; 
best seen on trichrome or VVG; may affect hepatic function 
and should be in ddx for GVHD at any point posttransplant 


Early May recover or result in NRH after long period 
Portal Vein 
Acute Cord atrophy; infarct of Zahn (all vascular structures 
approximated due to parenchymal atrophy) 
Chronic Idiopathic portal hypertension, hepatoportal sclerosis, 


NRH, noncirrhotic portal hypertension 
Hereditary hemorraghic telangiectasia 


“Lesions of alcoholic and nonalcoholic steatohepatitis are most commonly accentuated in zone 3. 


Can be associated with focal nodular hyperplasia, and with high 
output cardiac failure 


ATAT, o-Antitrypsin; A/H, autoimmune hepatitis; ALD, alcoholic liver disease; CMV, cytomegalovirus; EBV, Epstein-Barr virus; GVHD, graft-versus-host disease; HCV, hepatitis C virus; HSV, herpes 
simplex virus; /AD, idiopathic adulthood ductopenia; /CP. intrahepatic cholestasis of pregnancy; MRH, nodular regenerative hyperplasia; PASd, periodic acid—Schiff after diastase; PBC, primary biliary 
cholangitis; PFIC, progressive familial intrahepatic cholestasis; PSC, primary sclerosing cholangitis; SOS-HSCT, sinusoidal obstruction syndrome after hematopoietic stem cell transplantation. 


is present. In massive hepatic necrosis, the majority of viable 
epithelial cells remaining are the K7-positive and K19-positive 
interlobular bile ducts, as well as transit-amplifying cells derived 
from the hepatic progenitor cells that characterize the ductular 
reaction.’ Etiologic determination of the injury based on patho- 
logic evaluation may not be possible in massive hepatic necrosis, 
but some patterns can be suggestive. Zone 3 coagulative necrosis 


with little inflammation characterizes both systemic shock and 
acetaminophen toxicity. Clusters of necrotic hepatocytes or 
massive necrosis may be seen with herpes simplex virus (HSV) or 
adenovirus hepatitis. Careful evaluation by light microscopy for 
the typical intranuclear inclusions of these viruses is suggested, 
particularly in cases of immunosuppression. The glassy nuclei, 
syncytial nuclear formation, and basophilic stippling of herpes 
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Histopathologic Features of Specific Acute and Chronic Hepatidides 


Viral Hepatitis 
Hepatitis A, E Yes No 


May be portal predominant; may have numerous plasma cells 
May be cholestatic 


hoe 


Hepatitis C Yes Yes May appear to have acute and chronic lesions simultaneously 

Lymphoid aggregates and steatosis are common, but not exclusive to HCV 
Sinusoidal infiltrates may predominate as in Dilantin toxicity 

Duct injury and infiltration by lymphocytes and/or duct diverticuli may occur 


Eosinophils are not uncommon in portal inflammation 


Cla Gs 


Hepatitis B Yes Yes 1. Acute HBV: no specific characteristics; negative immunostains for surface and core antigens 
2. Chronic HBV: may have ground glass inclusions of surface antigen; immunostains for surface 
positive; immunostains for core indicate replicative phase 
3. Fibrosis in chronic HBV may show incomplete septal cirrhosis 


Other Viral Infections 


CMV Yes No 1. In nonimmunosuppressed host, viral inclusions are not apparent; predominantly spotty 
necrosis or small collections of polymorphonuclear leukocytes 
2. In immunosuppressed host, intranuclear and intracytoplasmic viral inclusions may be seen 


HSV 1,2 Yes No 1. Intranuclear viral inclusions noted around edges of nonzonal punched-out necrosis or in 
occasional cells in massive necrosis 

EBV Yes No 1. Diffuse sinusoidal chronic inflammation; may have hemophagocytosis 

Adenovirus Yes No 1. Intranuclear inclusions are noted; acute hepatitis to massive necrosis 

Autoimmune hepatitis Yes Yes 1. Rarely may cause massive necrosis 


2. Most commonly has features of chronic hepatitis with varying degrees of activity; plasma 
cells easily noted; hepatitic rosettes are common 

3. Eosinophils may be present in portal inflammation 

4. Duct lesion may occur; ductopenia is not a feature 


Fatty Liver Diseases 
Alcoholic Yes Yes 


+ Steatosis, zone 3 or panacinar 

Ballooning 

Mallory-Denk bodies: well-formed and marked satellitosis favors ALD 

Zone 3 perisinusoidal (chicken wire) fibrosis: may be dense, complex; favors ALD + ductular 
reaction 

5. Sclerosing hyaline necrosis 

6. Canalicular cholestasis 


a> ES S 


Nonalcoholic ? Yes 1. Same as findings 1 through 4 for ALD 


Metabolic Liver Diseases 
A1AT deficiency No Yes 


1. Chronic hepatitis 
2. Periportal PASd-positive globules, varying sizes 


Hereditary hemochromatosis No Yes 1. Chronic hepatitis 

2. Granular iron in hepatocytes; zone 1-3 gradient 
3. + Iron in reticuloendothelial cells 
4 


. + Iron in biliary epithelial cells 


Wilson disease No Yes 1. Varying features: steatosis, chronic hepatitis 
2. Periportal Mallory-Denk bodies 

3. Atypical lipofuscin 
4 


. Copper in hepatocytes; see text 


ATAT, o,-Antitrypsin; ALD, alcoholic liver disease; CMV, cytomegalovirus; EBV, Epstein-Barr virus; HBV, hepatitis C virus; HCV, hepatitis C virus; HSV, herpes simplex virus; PASd, periodic acid—Schiff 
after diastase. 
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simplex can be noted by routine stains. Immunohistochemical 
stains are available to confirm both herpes virus and the smudged 
nuclei of adenovirus. 


Chronic Hepatitis 


Chronic hepatitis is histologically characterized by the portal 
predominance of mononuclear or mixed chronic inflammatory 
infiltrates. In addition, PASd-pigmented portal macrophages are 
either more or equally prominent with intraacinar Kupffer cells. 
Lobular necroinflammatory activity ranges from that described 
for the previous lesions to near absence of activity. In most diseases 
that result in chronic hepatitis, fibrosis occurs initially in and 
around the periportal regions. The most notable exception to 
these concepts is fatty liver disease, which is discussed in the fol- 
lowing section. Interface activity, a defining lesion of chronicity, 
is not specific to any disease entity and is characterized by chronic 
inflammatory cells breaching the limiting plate of the portal 
tract and surrounding adjacent hepatocytes in zone 1. The older 
term for this was piecemeal necrosis. Currently, actual necrosis (or 
apoptosis) is not required in the recognition of interface activity. 
The types and amounts of parenchymal necrosis and collapse 
depend on the specific disease and the individual host’s immune 
response. If the underlying disease is unchecked, fibrosis in 
chronic hepatitis may progress and may involve portal-portal 
bridging septa, portal-central approximation from loss of inter- 
vening parenchyma, and ultimately cirrhosis, defined not only by 
loss of hepatic parenchyma and replacement by septal scar tissue 
but also by vascular remodeling that results in (or from) intrapa- 
renchymal shunts. The extinct parenchyma, or septa, commonly 
contains not only elastic fibers and collagens but also ductular 
profiles, thin-walled vascular and lymphatic channels, and varying 
degrees of inflammatory infiltrates. Neither the inflammation nor 
the fibrosis is uniform throughout the organ in many cases. This 
lack of homogeneity can result in sampling error in liver biopsies, 
particularly if sufficiently large samples are not obtained.’ 

Fig. 12-1 is an example of AIH. AIH may manifest a variety 
of histopathologic findings, but rarely as an acute hepatitis. The 
most common lesions of AIH are marked overrepresentation of 
plasma cells in the otherwise mixed chronic portal infiltrates. 


e Fig. 12-1 Autoimmune hepatitis. In this example there is brisk portal 
and lobular inflammation; plasma cells are readily noted in both. There are 
hepatitic rosettes and a focus of acinar necrosis and collapse (top right). 
(Hematoxylin and eosin, x20.) 
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Sheets of plasma cells are common at the portal-parenchymal 
interface. Plasma cells are also easily noted in foci of lobular 
necroses and/or infiltrates; swollen groups of hepatocytes form 
hepatitic rosettes; zone 3 confluent necrosis or bridging necrosis 
are commonly described. Eosinophils are a minor but common 
component of the portal inflammation. When cirrhosis occurs, 
there may be broad areas of extinction (septa). The untreated 
process is notable for more severe necroinflammatory activity and 
interface hepatitis than with hepatitis C. On the other hand, 
inactive burned-out cirrhosis may be due to AIH. Overlap of AIH 
and primary biliary cholangitis may have either clinical and/or 
histologic features of both disease processes. Treatment decisions 
will include consideration of the liver biopsy findings, as well as 
biochemical and serologic tests.* It is important, however, to 
reiterate that no single finding distinguishes AIH and other forms 
of chronic hepatitis, thus careful clinical correlation (determina- 
tion of total proteins and elevated globulins may be as informative 
as measurement of autoantibodies) is needed. 

Systems for semiquantitation of lesions of chronic hepatitis, 
initially developed for comparative analysis of treatment effects, 
have evolved over recent decades into methods of evaluation in 
clinical practice.” Although each has subtle differences, they 
share a thorough evaluation of lesions with the separation of 
necroinflammatory lesions (portal and lobular; grade) from evalu- 
ation of fibrosis amount and architectural alterations (stage). Fig. 
12-2 is an example of the progression of fibrosis in chronic hepa- 
titis due to HCV. Guidelines for application of scoring systems 
include knowledge of the clinical situation, but blind application 
of grade and stage without clinical evidence of the chronic hepa- 
titis being evaluated is not recommended. 


Fatty Liver Diseases 


The two most common diseases that are characterized by intrahe- 
patocellular steatosis in some phase of their evolution are alcoholic 
fatty liver disease (AFLD) and nonalcoholic fatty liver disease 
(NAFLD). Although alcoholic hepatitis, an entity commonly 
without steatosis, may exist within the spectrum of alcoholic liver 
disease (ALD), to date no equivalent lesion (or clinical equivalent) 
has been described in nonalcoholic fatty liver. Likewise, the entity 
of alcoholic foamy degeneration has no equivalent in NAFLD. 
Otherwise, there may be substantial overlap of histologic lesions 
in these two processes, including the findings of steatosis on one 
end and cirrhosis on the other. Further, patients may have clinical 
features of both metabolic syndrome and deleterious exposure to 
alcohol and thus liver biopsy evaluation may show features that 
could be attributed to either. Both are characterized in adults by 
mixed large and small droplet steatosis, zone 3 hepatocellular bal- 
looning, presence of Mallory-Denk bodies’, and, initially, zone 
3 perisinusoidal fibrosis (Fig. 12-3). Both may progress to fibrosis 
in and around portal tracts, including varying degrees of ductular 
reaction,” bridging septa between portal structures or outflow 
veins or portal-central bridging (Fig. 12-4), and both may result 
in cirrhosis with or without lesions of the active disease. Thus 
distinguishing the two may be impossible without adequate clini- 
cal information. On the other hand, canalicular cholestasis, large 
and abundant Mallory-Denk bodies, pericholangitis, lesions of 
alcoholic hepatitis (nonsteatotic), the various occlusive lesions of 
the outflow veins (including sclerosing hyaline necrosis), and large 
regions of parenchymal extinction strongly favor alcohol abuse. 
Similar to the separation of necroinflammatory lesions (grade) 
from those of fibrosis and remodeling (stage) in chronic hepatitis, 
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e Fig. 12-2 Chronic hepatitis C. This figure contains images of trichrome-stained liver biopsies to illus- 
trate the four Scheuer stages of fibrosis in a case of chronic hepatitis attributable to hepatitis C. 
A, Stage 1, portal expansion. B, Stage 2, portal expansion and periportal fibrosis. C, Stage 3, bridging 
fibrosis with nodularity. D, Stage 4, cirrhosis. (Masson trichrome, x20.) 
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e Fig. 12-3 Alcoholic hepatitis. An example of sclerosing hyaline necro- 
sis, a lesion of alcoholic hepatitis, is shown. A group of hepatocytes 
(center) have steatosis, ballooning, and Mallory-Denk bodies. Polymor- 
phonuclear leukocytes are noted around some of the hepatocytes (satel- 
litosis). The terminal hepatic venule is obliterated by the process. An 
expanded portal tract and ductular reaction are noted on the lower left 
portion of the image. (Hematoxylin and eosin, x20.) 


e Fig. 12-4 Nonalcoholic steatohepatitis with perisinusoidal and bridg- 
ing fibrosis. The trichrome-stained slide highlights the characteristic zone 
3 perisinusoidal fibrosis and the central-portal septa. In this example, 
steatosis is still present; ballooning and poorly formed Mallory-Denk 
bodies can be seen in the upper left. The patient had a history of tamoxifen 
use. (Masson trichrome, x20.) 
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scoring systems for semiquantitative evaluation are commonly uti- 
lized for assessment and treatment trials of NAFLD. '*'‘ Unlike the 
recent system proposed by a consortium in Europe,” the National 
Institute of Digestive Diseases and Kidney; Nonalcoholic Ste- 
atohepatitis Cooperative Research Network scoring system’ has 
shown that simple addition of lesional values for score and actual 
diagnostic classification of pattern of injury correlate with differ- 
ent processes and deserve to be assessed separately.'° 

A multinational validated study resulted in a method of pre- 
dicting 90-day prognosis for alcoholic hepatitis.” The Alcoholic 
Hepatitis Histologic Score, an aggregate score of lesions for mild, 
moderate, and severe, was based on extensive fibrosis, canalicular 
and ductular cholestasis (i.e., bile plugs in the canal of Hering), 
severe polymorphonuclear infiltration, and lack of megamito- 
chondria. Steatosis was not a factor included in the model. 

Hepatic steatosis and/or steatohepatitis may occur concur- 
rently with other forms of chronic liver disease. Steatosis is noted 
in up to 70% of HCV biopsies and this is particularly common 
with genotype 3. Trichrome stain is considered essential by some 
to aid in diagnosis or exclusion of concurrent steatohepatitis, * as 
zone 3 perisinusoidal fibrosis, whether attributable to alcohol or 
obesity, is not associated with other forms of chronic hepatitis. 
Thus zone 3 perisinusoidal fibrosis is necessary for diagnosing 
both causes of fatty liver. Other investigators have used hepatocel- 
lular ballooning as the distinguishing feature of concurrent 
steatohepatitis.” 

Nonalcoholic fatty liver disease in the pediatric and adolescent 
age groups is known to have unique histologic manifestations 
from those in adults. First shown in a landmark study,” the dis- 
tinctions are most apparent by gender and age. Boys and younger 
children are more likely to have portal accentuation of the lesions, 
and less likely to have ballooning, Mallory-Denk bodies, and zone 
3 perisinusoidal fibrosis. Transitions through adolescence result in 
altered histologic features of fatty liver disease, as noted in a cross- 
sectional study.” 


Metabolic Liver Diseases 


The three most commonly encountered adult metabolic liver dis- 
eases are O,-antitrypsin (A1AT) deficiency, hereditary hemochro- 
matosis (HH), and Wilson disease. The first two are characterized 
by lesions already discussed associated with chronic hepatitis, 
whereas Wilson disease may present with a wide spectrum of 
histologic findings of fulminant hepatitis, mild chronic hepatitis, 
cirrhosis, and steatosis. Each requires further clinical testing for a 
final diagnosis. The characteristic periportal/zone 1 PASd-positive 
globules of varying sizes of AIAT do not distinguish the pheno- 
type, but their presence warrants phenotype testing (Fig. 12-5). 
HH liver biopsies may also have portal and lobular chronic 
inflammation and portal-based fibrosis, albeit initially holly-leaf 
shaped. However, HH can only be suggested, not diagnosed, by 
histopathologic studies because other causes of ineffective eryth- 
ropoiesis may result in the characteristic pericanalicular deposi- 
tion with a decreasing zonal gradient from 1 to 3 pattern of iron 
loading in hepatocytes” (Fig. 12-6). Patients with untreated 
C282Y homozygous hemochromatosis have livers that contain 
sufficient iron to be visible without Prussian blue staining. 
However, the stain highlights the hepatocellular abundance, as 
well as the presence, of siderotic nodules (iron-loaded Kupffer cell 
aggregates) and bile duct iron. One unique form of hemochro- 
matosis, type 4A (ferroportin disease), is characterized by iron 
granules solely deposited in the reticuloendothelial cells within 
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e Fig. 12-5 o.,-Antitrypsin globules. High-power view of typical PASd- 
positive globules of o1-antitrypsin. The globules are of varying shapes and 
sizes and are located in the periportal hepatocytes. (Periodic acid—Schiff 
after diastase, x40.) 


lights the granules in hepatocytes with a notable gradient from the peri- 
portal to pericentral hepatocytes. (Modified Perls’ stain, x40.) 


the sinusoids. The current epidemic of obesity and the accompa- 
nying liver test elevations due to NAFLD have highlighted the 
frequency with which hyperferritinemia may occur in settings 
outside of HH.” Liver biopsy evaluation is helpful in this 
differential. 

Wilson disease is very challenging to diagnose by biopsy and 
at best will be suggested by an observant pathologist. Whereas all 
the following are described in Wilson disease, they may or may 
not be present: 

e steatosis in varying forms 

e portal chronic inflammation, with or without lobular activity 
e periportal Mallory-Denk bodies 

e megamitochondria 

e glycogenated nuclei 

e atypical lipofuscin pigment deposition, and/or iron pigment 
e ductular reaction 

e cirrhosis 


Varying amounts of portal-based fibrosis may be noted, even 
in cases with clinically acute presentation. Copper stains are reli- 
ably positive only in cirrhotic Wilson disease and typically not in 
noncirrhotic biopsies. Thus, hepatic copper measurement is con- 
sidered the diagnostic test for Wilson disease and is best evaluated 
by quantitation from the paraffin block. 


Cholestatic Lesions 


Acute Cholestasis 


Acute cholestasis (e.g., bilirubinostasis) is characterized by bile 
plugs, most commonly in acinar zone 3 in hepatocyte canaliculi. 
The hepatocytes may be deceptively unremarkable, or they may 
be swollen and have clarified cytoplasm (so-called feathery degen- 
eration). In cases of severe biliary obstruction, extravasated bile 
may lead to bile infarcts. This is not the classic ischemic coagula- 
tive necrosis but rather rounded, azonal foci of saponified 
hepatocytes with occasional remnants of polymorphonuclear leu- 
kocytes. They may be salmon colored, bile (yellow) colored, or 
transparent. Another form of acute cholestasis is termed ductular 
cholestasis or cholangitis lenta and is characterized by dilated, irreg- 
ularly shaped periportal canals of Hering that contain inspissated 
bile, often with cellular debris. This finding is often associated 
with sepsis. 

In addition, biliary obstruction has characteristic lobular and 
portal tract changes. Edema of the portal connective tissue imparts 
a rounded contour. Ductular reaction is noted and pericholangi- 
tis with polymorphonuclear leukocytes is characteristic. Neutro- 
philic clusters within the lumina of the interlobular bile ducts 
are evidence of ascending cholangitis. This is rarely encountered 
in routine practice because clinical diagnostic tests are reliable 
(Fig. 12-7). 

Cholestatic hepatitis is a unique injury pattern that combines 
hepatocellular injury, lobular disarray, varying degrees of inflam- 
mation (hepatitis) and canalicular cholestasis predominantly in 
zone 3, and is most often associated with drug-induced liver 
injury (DILI), as discussed later in this chapter. Severe forms of 


e Fig. 12-7 Sepsis. Ductular cholestasis (middle top and middle bottom), 
known as cholangitis lenta, and hepatocellular cholestasis (right) are seen 
in this liver biopsy from a patient with sepsis. (Hematoxylin and eosin, x40.) 
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hepatitic injury, such as untreated acute onset AIH with submas- 
sive necrosis, may also result in cholestatic hepatitis, thus careful 
evaluation is warranted. 


Chronic Cholestasis 


‘There are many histologic features common to all forms of chronic 
cholestatic liver disease. These are most commonly in zone 1/ 
periportal hepatocytes. Acute cholestasis (bilirubinostasis) is 
uncommon until decompensation occurs. There is pallor in the 
zone | hepatocytes and sometimes in ductular cells and Mallory- 
Denk bodies may be present. Zone 1 hepatocytes may contain 
copper. The pigment is seen by H&E and PASd staining but is 
best confirmed with copper stain. Ductular reaction is common 
in chronic cholestasis but may have subtle differences related to 
etiology; obstructive processes (e.g., primary sclerosing cholangitis 
[PSC]) may result in angulated anastomosing ductular profiles. 
In the sinusoids, collections of cells with pseudoxanthomatous 
transformation, so-called foam cells, are a diagnostic aid, when 
present, in conditions of elevated levels of cholate salts. Table 
12-6 lists features that are unique to primary biliary cholangitis 
(PBC) regardless of AMA status, sclerosing cholangitis (primary 
or secondary), idiopathic adulthood ductopenia (IAD)/small duct 
PSC, and chronic graft-versus-host disease (GVHD). Loss of the 
small interlobular ducts (ductopenia) is noted in advanced stages 
of chronic cholestatic liver diseases. The differential diagnosis 
for ductopenia, however, is not restricted to the classic forms of 
chronic cholestatic liver disease and is noted in Table 12-7. 

Parenchymal remodeling from chronic cholestasis occurs with 
portal-portal bridging fibrosis, but commonly with retention of 
the outflow vein in a central location within the acinus. The 
periseptal pallor of cholestatic cirrhosis can result in the often- 
described jigsaw pattern. Hepatic cords within nodules may 
show the alterations typically described in nodular regenerative 
hyperplasia; interestingly, this feature may occur before complete 
cirrhotic remodeling and may be retained after cirrhotic remodel- 
ling. The presence of epithelioid granulomas in portal tracts 
and/or lobules may be suggestive—but not exclusive, necessary, 
or sufficient—for a diagnosis of PBC. Granulomas and features 
of chronic cholestasis are also indicative of involvement of the 
liver with sarcoidosis (Figs. 12-8 and 12-9). 


Granulomatous Inflammation in Liver Disease 


A recent review summarizes the specific features and variety of 
clinical associations of hepatic granulomas.” Of note, incidental 
epithelioid granulomas have been reported in hepatitis C and 
other forms of chronic liver disease, including hepatitis B and 
AIH, and are not to be confused with granulomatous inflamma- 
tion of PBC, infection, or drug-related granulomas. Some granu- 
lomas are manifestations of lobular activity (i.e., microgranulomas, 
composed of Kupffer cell aggregates, and lipogranulomas, noted 
either in the lobules or in the portal tracts in association with 
active or inactive steatotic liver diseases). Larger lipogranulomas 
are often accompanied by fibrosis. When in a perivenular location, 
this may present confusion with the perisinusoidal fibrosis of 
nonalcoholic steatohepatitis (NASH). Fibrin-ring granulomas 
have been reported in a broad variety of disease processes, includ- 
ing EBV infection, Q-fever, hepatitis A virus (HAV), leishmani- 
asis, toxoplasmosis, allopurinol toxicity, vasculitis, systemic lupus 
erythematosus (SLE), and Hodgkin disease.” Hodgkin disease is 
also in the differential diagnosis of epithelioid granulomas with 
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Histopathologic Features of Chronic Cholestatic Liver Diseases 


PBC/AIC Jv J Mononuclear cells; plasma Mixed chronic inflammation; | Small and medium ducts 
cells + epithelioid plasma cells; eosinophils 
granulomas + epithelioid granulomas 
PSC Jv No + Mild mononuclear Mild mononuclear Any portion of biliary tree: periductal 


fibrosis; obliterated ducts 


IAD/small duct PSC + No aE Bo Smallest interlobular ducts + any 
ductular reaction; ductopenia 
GVHD T No JE Mild mononuclear Small ducts; degenerative changes; 


obliteration 


AIC, Autoimmune cholangitis, characterized by AMA-negative + ANA-positive serologies; clinical and histologic features are otherwise indistinguishable from AMA-positive PBC. 


Diseases That May Have Ductopenia 


PBC, PSC/SSC, IAD 

Autoimmune cholangitis 

Chronic allograft rejection 

Damage to hepatic artery: chemotherapy, surgical 
Graft-versus-host disease 

Sarcoidosis 

Hodgkin disease 

Drug-induced liver injury 

Cytomegalovirus infection 


IAD, Idiopathic adulthood ductopenia; PBC, primary biliary cholangitis; PSC/SSC, primary 
sclerosing cholangitis/secondary sclerosing cholangitis. 
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e Fig. 12-9 Primary biliary cholangitis. The bile duct profiles noted in 
this image are markedly abnormal. Irregular spacing of the nuclei and 
eosinophilic cytoplasm are noted. The normal cuboidal shape has been 
simplified. A poorly formed granuloma is near the duct (center) among the 
mixed chronic inflammation that includes plasma cells and eosinophils. 
Ductular reaction is not seen in this image. (Hematoxylin and eosin, x40.) 


eosinophils. Most epithelioid granulomas, whether necrotizing or 
nonnecrotizing, represent an immune response to foreign material 
or antigen and occur secondarily to certain types of particle depo- 
sition, infections, or drugs. Thus the initial description of granu- 
lomas in liver biopsies by the pathologist includes the following: 
epithelioid appearance, presence of caseation and/or necrosis, and 
presence/absence of polarizable material. The presence of eosino- 
phils raises an important differential: both epithelioid granulomas 
in Hodgkin disease and drug-related epithelioid granulomas may 
be infiltrated with eosinophils. Immune deficiency syndromes 
may result in hepatic granulomas. Sarcoidosis may involve the 
liver in conjunction with other organs or as a primary process.”””° 


e Fig. 12-8 Sarcoidosis. There is a large noncaseating, nonnecrotizing 
epithelioid granuloma in the top center of the image; ductular reaction 


adjacent to it is brisk. Concentric fibrosis can be recognized around the 
granuloma. This biopsy is from a cholestatic patient with known sarcoid- 
osis. (Hematoxylin and eosin, x20.) 


The entire spectrum of cholestatic and duct lesions noted in PBC 
and PSC may occur in livers with primary or secondary sarcoid- 
osis. The granulomas of sarcoid are coursed by reticulin fibers 


centrally and show concentric fibrosis peripherally. Other features, 
including asteroid bodies, may be noted. These features are not 
noted in the epithelioid granulomas of PBC. Finally, idiopathic 
granulomatous hepatitis remains a clinical entity of unknown 
etiology. In this disease entity, nonnecrotizing, noncaseating, non- 
polarizable epithelioid granulomas are found diffusely in the 
lobules and the process typically correlates with an inflammatory 
clinical presentation. For practical purposes, unless the patient is 
known to have PBC or sarcoidosis, it is reasonable for a patholo- 
gist to polarize the granulomas for identification of foreign mate- 
rial and to routinely perform stains for fungal elements and 
mycobacteria when epithelioid granulomas are present. 


Hepatic Parenchymal Manifestations 
of Vascular Lesions 


Outflow Veins/Right-Sided Cardiac Dysfunction 


The most recognizable vascular lesion in liver biopsies is that of 
large outflow vein obstruction resulting from Budd-Chiari syn- 
drome, or cardiac dysfunction with elevation of right-sided pres- 
sures. Acute venous outflow obstruction manifests in zone 3 with 
irregularly spaced sinusoidal dilatation, hepatic cord atrophy, and 
red cell extravasation into the hepatic cords. With time (chronic- 
ity), perisinusoidal fibrosis may occur along the atrophic cords; 
the red cell extravasation may or may not subside. Fibrous replace- 
ment of the hepatic cords is a result of unrelenting outflow pres- 
sure (Fig. 12-10). The smallest branches of outflow veins, the 
terminal hepatic venules, may become obliterated and difficult to 
observe without stains specifically to detect the fibers in the walls. 
With intact portal tracts present, the remodeled liver adopts the 
appearance of reverse lobulation with a centrally located portal 
tract and the fibrous outflow veins at the periphery. When this 
occurs in the setting of chronic right-sided heart failure and results 
in bridging fibrosis, it may be referred to as cardiac sclerosis. 
Ductular reaction that may emanate from portal areas may be 
striking enough to be confused with a primary cholestatic 
process.” 
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e Fig. 12-10 Large vessel outflow obstruction. Hepatocyte cord atrophy 
and red cell extravasation are apparent. The sinusoids are markedly 
enlarged. Foci of ductular reaction can be seen (middle, right, and left). 
(Hematoxylin and eosin, x40.) 
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Inflow Vessels 


Portal Vein 

Acute obstruction of portal vein flow rarely results in parenchymal 
alterations. Chronic obstruction, on the other hand, may result 
in parenchymal atrophy, cord atrophy, nodular regenerative 
hyperplasia, Zahn infarction (a wedge-shaped region of atrophic 
parenchyma in which portal vein branches are obliterated), and 
hepato-portal sclerosis (HPS). The latter is defined as loss of portal 
vein branches within portal tracts. An obliterated vein may be 
present or an extruded thin-walled open channel may be seen 
adjacent to the portal tract. Other lesions of HPS that may be 
present are nonzonal angiomatoid sinusoids/channels in the 
parenchyma and nodularity of the parenchyma. Perisinusoidal 
fibrous bands may occur, but are not common. Finally, cavernous 
transformation of a thrombosed large portal vein may result in 
ischemic biliopathy, a lesion identified by signs of damage to the 
bile ducts and best diagnosed by imaging.” 


Hepatic Artery 

Hepatic artery lesions rarely affect a nonallografted liver because 
of the dual inflow blood supply. However, thickening of the 
hepatic artery may occur with diabetes mellitus (DM).” 


Arteriovenous Malformations: Hereditary 
Hemorrhagic Telangiectasia (HHT) 


HHT, or Osler-Weber-Rendu disease, may cause symptoms or 
imaging abnormalities that lead to a liver biopsy. Detecting the 
subtleties of this entity on a core biopsy is challenging at best and 
wedge biopsies are therefore preferable. The vascular alterations 
include clusters of ectatic sinusoids (randomly scattered fibrous 
bands that contain thick-walled, aberrantly shaped veins and 
arteries), and portal tracts with markedly distorted vascular struc- 
tures. Nodular parenchymal changes are best appreciated by 
reticulin stain. There is no cirrhosis. Clinical history of recurrent 
epistaxis in the patient and family members is helpful and worth 


inquiry. 


Hepatic Sinusoids 


The spectra of injuries that affect the sinusoids have been 
reviewed.” Sinusoidal obstruction syndrome’ is the modern 
moniker for veno-occlusive disease. This is a process that first 
affects the sinusoidal lining cells and results in perivenular hepa- 
tocyte necrosis. Sloughed sinusoidal lining can be appreciated 
with trichrome stain in some cases. Terminal hepatic venule sub- 
intimal fibrosis and obliteration may obscure the vein. Special 
stains such as trichrome or Verhoeff-van Gieson (VVG) will aid 
in identification of the vein wall. This process occurs in the setting 
of allogeneic bone marrow (hematopoetic stem cell) transplanta- 
tion. Similar lesions have been described recently in neoadjuvant 
oxaliplatin-based therapy for hepatic metastases from colon 
cancer.” The lesions can range from focal sinusoidal dilatation, to 
sinusoidal destruction with focal hemorrhage and cord atrophy, 
to peliotic lesions. Perisinusoidal fibrosis and increased CD34 
expression suggest capillarization of the affected sinusoids. Sever- 
ity is a clinicopathologic assessment and cannot readily be pre- 
dicted from evaluation of frozen sections of liver biopsies (Fig. 
12-11). The lesions have been reported to result in mortality, but 
most clinically resolve even if there is nodular regenerative hyper- 
plasia in the liver.” 
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e Fig. 12-11 Oxaliplatin sinusoidal injury. Note the clusters of sinusoids 
around the terminal hepatic venule that are enlarged and filled with red 
blood cells. In several of these areas, the hepatic cords are atrophic and 
incomplete. (Masson trichrome, x40.) 


e Fig. 12-12 Diabetic hepatosclerosis. The dense perisinusoidal colla- 
gen deposition is the characteristic lesion of this process. The hepatic 
cords do not appear atrophic and little to no inflammation is present. 
Steatosis, ballooning, and Mallory-Denk bodies are not seen in diabetic 
hepatosclerosis. (Masson trichrome, x20.) 


Other lesions of the sinusoids include: subtle presence of 
fat-filled stellate cells (vitamin A toxicity); distortion by Kupffer 
cell-encased ruptured fat cysts; the focal or expansile presence of 
extramedullary hematopoietic cells (seen with myeloid fibrosis); 
infiltration by benign (EBV hepatitis) or malignant (leukemia) 
hematopoietic cells; infiltration by other malignancies (e.g., small 
cell carcinoma, melanoma, breast carcinoma); and subendothelial 
fibrosis (diabetic hepatosclerosis, Fig. 12-12) or amyloidosis (Fig. 
12-13). The presence of erythrophagocytosis or hemophagocytosis 
within the sinusoids raises a consideration of macrophage activa- 
tion syndrome or hemophagocytic syndrome—clinical correla- 
tion is required for these diagnoses. Primary hepatic angiosarcoma 
may first be noted by a rare atypical, enlarged sinusoidal cell prior 
to mass lesion formation. All of these lesions, although relatively 
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e Fig. 12-13 Amyloidosis. The portal tract and the perisinusoidal spaces 


are filled with a dense acellular material with a characteristic appearance 
on Masson trichrome stain. (Masson trichrome, x40.) 


specific, are also relatively uncommon, thus special care to examine 
the sinusoids is warranted. 


Mass Lesions 


Most biopsies of mass lesions presented to pathologists for evalu- 
ation are the product of an image-guided procedure. The initial 
step in evaluation is determination of the presence of an abnormal 
process that could account for the lesion. At times, discerning 
lesional versus nonlesional tissue is not straightforward, but adher- 
ence to the same structured evaluation as described previously for 
parenchymal injury can be helpful. The absence of portal tracts 
and the presence of an unaccompanied arterial branch in hepato- 
cellular lesions can be guides to further assessment. Furthermore, 
knowledge of the status of the nontumor liver (i.e., presence of 
cirrhosis) assists in further diagnostic evaluation. For example, 
hepatocellular adenoma is not a lesion found in a cirrhotic liver. 


Benign Hepatic Lesions/Tumors 


Two French groups developed a classification of benign hepatocel- 
lular lesions of the liver based on molecular and genotype- 
phenotype analyses.” Focal nodular hyperplasia (FNH), a reactive 
nonneoplastic process, is characterized by a central scar containing 
an abnormal vessel and close association of ductular structures. 
Copper is usually present in adjacent hepatocytes. Immunohisto- 
chemical studies show “maplike” deposition of glutamine synthe- 
tase (GS, Fig. 12-14) that is more obvious on whole section of 
the lesion, but may be seen as azonal broad stripes of GS, negative 
GS or solid GS (the most peripheral portion of FNH) depending 
on the portion of the FNH present in biopsy material. The 
pattern, however, is in distinct contrast to the regular perivenular 
hepatocellular restriction of this protein in normal liver.” 
Hepatocellular adenoma, once considered as a single category 
of benign tumor, is classified into three identifiable subtypes.” 


D ee 
e Fig. 12-14 Focal nodular hyperplasia. This is an illustration of the 
typical maplike glutamine synthetase reaction by immunohistochemistry 
with an FNH. (Glutamine synthetase immunohistochemistry, x20.) 
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e Fig. 12-15 HNF-10 mutated hepatic adenoma. The normal parenchy- 
mal expression of LFABP (liver fatty acid binding protein) can be seen in 
the lower portion of the slide. The steatotic adenoma lacks this reaction. 
This pattern is consistent with HNF-1o mutated adenoma. (LFABP immu- 
nohistochemistry, x20.) 


The first subtype comprises 30% to 40% of adenomas and is 
related to mutation of a tumor suppressor gene, hepatocyte 
nuclear factor 10 that results in loss of detectable liver fatty acid 
binding protein (LFABP) IHC expression in the adenoma and 
disruption of lipid and glucose pathways within the tumors. These 
adenomas frequently have steatosis. These are the most common 
subtype to be multiple, and are associated with maturity onset 
diabetes of youth (MODY), type 3 (Fig. 12-15). The second 
subtype is related to activation of B-catenin and there are fre- 
quently subtle architectural clues. IHC analysis permits visualiza- 
tion of diffuse cytoplasmic and nuclear B-catenin reactivity in at 
least some of the tumor cells, as well as diffuse glutamine synthe- 
tase reactivity. These tumors have a higher rate of progression to 
hepatocellular carcinoma than other adenoma subtypes and, of all 
the subtypes, are more common in men. Histologically, they may 
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show pseudoacini and more hepatocellular atypia than other 
forms of HCA. Overall, these account for 10% to 15% of 
HCA. A third category is associated with elevated body mass 
index (BMI) and may be associated with alcohol use and, in 
some cases, with elevated systemic inflammatory serum markers 
[serum amyloid A (SAA), and/or C-reactive protein (CRP)]. The 
moniker for this lesion has evolved from telangiectatic FNH” to 
telangiectatic adenoma” to the current nomenclature, inflamma- 
tory adenoma. Overall, inflammatory HCAs account for 40% to 
50% of HCA. It has been reported that up to 50% may also have 
&-catenin activation. These tumors have aberrant activation of the 
JAK/STAT pathway through a variety of somatic mutations, the 
most common of which is gp130 mutation.” These may be 
the most challenging for the radiologist to distinguish from FNH, 
but recent guidelines may be helpful.” These tumors are histologi- 
cally characterized by intratumoral vascular ectasias, thickened 
arterial branches, and foci of portal-like fibrous septa (but no 
central scar) devoid of a bile duct but containing thickened vessels 
with a slight periseptal ductular reaction and, in some, mono- 
nuclear cell infiltrates. They may be steatotic and multiple. Immu- 
nohistochemical analysis shows production of serum amyloid A 
(and/or CRP) by the tumor cells. A fourth category is HCA for 
which none of the other classifications applies. All adenomas may 
result in tumoral hemorrhage, and these lesions remain challeng- 
ing to diagnose by liver biopsy. Recent work” has shown that 
mutations in both -catenin and promoter mutations in TERT 
are necessary in progression from adenoma to hepatocellular car- 
cinoma. To date, histologic findings are, at best, suggestive, but 
sequencing assays remain necessary for these determinations. 

Other benign lesions and tumors of the liver are rarely encoun- 
tered with the exception of the so-called bile duct adenoma in the 
setting of an unsuspected hepatic lesion found during surgery. 
This lesion is characterized by benign ductular structures embed- 
ded in a fibrous matrix. The differential diagnosis includes von 
Meyenburg complexes and, importantly, cholangiocarcinoma or 
metastatic pancreatic or colonic carcinoma. Angiomyolipomas 
(AML) may be confused for HCA if attention is not paid to the 
very large epithelioid eosinophilic cells that comprise the majority 
of AML. Immunohistochemical analyses for melanoma markers 
are positive in these large cells, whereas those for hepatocellular 
differentiation are not. Inflammatory pseudotumors are challeng- 
ing to diagnose by liver biopsy because the lesion is predominantly 
a proliferation of spindle cells with scattered plasma cells and 
eosinophils. The concern that the tissue is from a pseudocapsule 
(adjacent to a tumor) remains, unless venular obliterative fibrosis 
and phlebitis are noted. A newer classification suggests that some 
may be a process related to steroid-sensitive IgG4 sclerosing 
pancreatitis/cholangitis. ”° Finally, hemangioma, the most common 
benign mesenchymal tumor of the liver, is rarely intentionally 
biopsied, but may be resected if clinically indicated. 


Malignant Tumors 


The two most important primary malignant tumors of the liver 
are hepatocellular carcinoma (HCC) and cholangiocarcinoma 
(CCa). Currently, there is growing evidence that the division 
between these two epithelial neoplasms may not be as distinct 
as previously believed, and many examples of mixed HCC-CCa 
and variants of CCa with features of hepatic progenitor cells 
have been described.*' Although HCC is more common in cir- 
thosis, increasingly there is recognition that both HCC and 
CCa, or their variants, occur in either cirrhotic or noncirrhotic 
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livers. HCC is characterized by neoplastic cells with features of 
hepatocytes by various evaluations intersected by branches of a 
small artery. It may be necessary to evaluate subtle features of 
the cord architecture (23 cells), the nuclear/cytoplasmic ratio, 
and CD34-reactive sinusoids to diagnose HCC. Bile production, 
albumin production, and identification of canaliculi by polyclonal 
carcinoembryonic antigen (pCEA) immunostaining are positive 
indications of the hepatocellular nature of the lesion. Distinction 
from high-grade dysplastic nodules (DN), especially in a liver 
biopsy, is a recognized challenge and may not be possible. When 
present, stromal invasion by tumor is diagnostic. One group 
has proposed a combination of immunohistochemical analysis 
that includes Glypican-3, heat shock protein 70 (HSP-70), and 
glutamine synthetase (GS) to distinguish DN and HCC.“*” 

Intrahepatic cholangiocarcinoma (ICC) most often occurs in 
noncirrhotic livers, but is increasingly reported in cirrhosis attrib- 
utable to viral hepatitis. Irregular gland formation, or tumor nests 
with crowded, round cells with atypical nuclei and a high nuclear/ 
cytoplasmic ratio characterize this tumor. Stromal desmoplasia 
and perineural invasion are helpful, when present. Distinction 
from other forms of nonhepatic adenocarcinoma may be impor- 
tant, depending on the clinical setting. Mucin production is sug- 
gestive of extrahepatic origin. Evidence of stem cell markers or 
any of the aforementioned hepatocellular markers are diagnostic 
of a primary liver carcinoma with biphenotypic differentiation.” 
Primary angiosarcoma is a less common primary liver tumor, but 
one that can be deceivingly subtle to radiologists and pathologists 
alike because of its diffuse involvement and infiltrative nature. In 
a biopsy the only irregularity may be the occasional enlarged 
sinusoidal cell(s) with a hyperchromatic nucleus. A high level of 
suspicion in the setting of an image description of an infiltrative 
mass may lead to the proper diagnosis. 


Drug-Induced Liver Injury (DILI) 


There are in-depth discussions’ and overviews of pathologic 
features of drug-induced liver injury. The website http:// 
livertox.nih.gov is an up-to-date referenced resource for clinical 
and histopathologic descriptions of hundreds of currently utilized 
drugs. Because new drugs are introduced into the market regularly 
and patient populations typically have underlying comorbidities, 
understanding and treating DILI is challenging and constantly 
evolving. DILI can manifest as hepatitic, cholestatic, steatosis/ 
steatohepatitis, vascular, or neoplastic lesions. The injury pattern 
may be acute or chronic. DILI may cover the spectra of fulminant 
necrosis, chronic elevation of liver tests, duct injury or ductope- 
nia, sinusoidal damage and peliosis, or fibrosis/cirrhosis. DILI 
may occur in the setting of ongoing liver injury of unrelated 
cause, such as NAFLD/NASH. When inflammation from DILI 
is present, it may be granulomatous and eosinophilic, however, 
this is another variable of DILI. Some forms of DILI histologically 
mimic chronic AIH, such as minocycline use for acne in young 
men (see http://livertox.nih.gov). Cholestatic hepatitis is an injury 
pattern for which DILI is a highly suspected cause. In general, 
any time there is a concern of possible DILI, it is best to consult 
the clinician and the literature“ so that a possible DILI will be 
neither overemphasized nor overlooked. 


Liver Transplant Pathology 


Histopathologic features noted within the allografted liver con- 
tinue to expand due to various clinical improvements in pretrans- 
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plant management of viral hepatitis C, HCC, and protocols 
for transplanting ICC; the rise of NAFLD/NASH to the lead- 
ing indication for transplantation; and many newer posttrans- 
plant protocols for immune response management. Unchanged, 
however, are the potential surgical (technical) complications, 
recurrence of primary disease, acute cellular rejection, and ducto- 
penic rejection. Rejection in the form of acute cellular rejection 
with mixed portal infiltrates (with mononuclear cells and eosino- 
phils, bile duct injury and endotheliitis) exists, but it is less 
common for the pathologist to see because inadequate immuno- 
suppression is uncommon. Ductopenia, likewise, may occur as a 
feature of irreversible chronic rejection, but this is less common 
than ischemic biliary cytologic and architectural features for 
which both rejection and arterial insufficiency deserve consider- 
ation. Another entity for which the etiology is not entirely clear, 
but the treatment is increased immunosuppression, is plasma cell 
rich hepatitis with portal and lobular plasma cells and, frequently, 
zone 3 necrosis and dropout.‘ The liver graft that is small for 
size may develop clinical dysfunction that results in biopsy altera- 
tions which include zone 3 small droplet steatosis.” Biopsies from 
donors that were non—heart beating may show features of biliary 
injury from ischemia at any stage in the allograft’s functional life. 
Disease recurrence remains a concern, and cholestatic recurrent 
HCV includes a histologic differential diagnosis with biliary 
obstruction. Steatosis in the allograft raises the consideration of 
recurrent or de novo fatty liver in this unique patient population 
that continues to deal with complications of metabolic syndrome. 
Complications with various opportunistic infectious agents are to 
be remembered throughout the transplant period, but particularly 
during times of heaviest immunosuppression. In the early post- 
operative time periods, changes of procurement and preservation 
may be noted by the pathologist, particularly in the forms of bili- 
rubinostasis and injury in zone 3. Finally, posttransplant hepatitis 
may be another form of chronic rejection.” The reader is 
referred to a recent thorough review that begins with an algorithm 
for evaluation based on timing posttransplant.” 


Pediatric Liver Biopsies 


In addition to the entire spectra of diseases discussed for adults, 
liver biopsies in the pediatric age group include metabolic entities, 
some of which are heritable. In a large referral center study of 230 
biopsies in a 36-month period, nearly 25% of biopsies were per- 
formed in children with either liver transplants or bone marrow 
transplants. Approximately 9% were for consideration of the dif- 
ferential diagnosis of infantile cholestasis, 7% were for hepatitis 
attributable to viral infection, autoimmune liver disease, or other 
causes (one third of the hepatitis cases), 4.5% were for metabolic 
liver diseases of childhood, and 9% were for neoplastic lesions. 
Four percent of the biopsies had no diagnosis.” To obtain more 
information about lesions not discussed in this chapter, two recent 
authoritative reviews of diseases of infants and children are recom- 
mended.” The authors present critical clinicopathologic infor- 
mation and approaches to the metabolic diseases and tumors of 
infants and children. 


Liver Biopsies in Systemic Disease 


The liver can be affected by a variety of systemic disease processes, 
beyond the obvious direct effects of left or right cardiac dysfunction 
on the liver parenchyma. Two prime examples are the close rela- 
tionship between NAFLD/NASH and insulin resistance—related 
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Type 1 diabetes mellitus Diabetic hepatosclerosis 


Elevated alkaline phosphatase; severe 


Nonzonal dense perisinusoidal fibrosis 


(DM) complications of DM in other organs 


Glycogenic hepatopathy 


Hepatomegaly; uncontrolled DM 


Swollen, glycogen-filled hepatocytes without 
inflammation + steatosis 


Chronic granulomatous May resemble PSC or 


Granulomas; abscesses; sclerosing duct lesions; 


disease inflammatory pseudotumor obliterative fibrosis of veins 
Graft-versus-host Focused on bile ducts 
disease 
Unusual hepatitic form Need to rule out infection 
Pregnancy Acute fatty liver of pregnancy Third trimester; potential for liver failure  Microvesicular steatosis; need oil red O stain to 
confirm + inflammation of acute hepatitis 
Toxemia Zone 1 fibrin deposition 
Rupture 


Celiac disease None to various lesions 


Elevated transaminases 


Mononuclear cells in lobules, portal tracts; rarely 
associated with AIH or PBC 


Hodgkin disease (HD) Granulomatous inflammation 


Ductopenia 


HD may not be clinically known 


HD may not be clinically known 


Epithelioid granulomas with eosinophils; 
differential diagnosis is DILI 

Duct recovery has been reported in successfully 
treated HD 


AIH, Autoimmune hepatitis; DILI, drug-induced liver injury; PBC, primary biliary cholangitis; PSC, primary sclerosing cholangitis. 


systemic disease, and the high prevalence of primary sclerosing 
cholangitis in ulcerative colitis. Rheumatoid arthritis may result 
in hepatocellular unrest, lobular inflammation, and lesions similar 
to those seen in methotrexate injury.” In contrast, systemic lupus 
erythematosis rarely is associated with nontherapy-related liver 
disease. The considerations for differential diagnoses in patients 
following hematopoietic stem cell transplantation with liver test 
elevations are broad and include biliary injury secondary to graft- 
versus-host disease, lesions of the terminal hepatic venules related 
to pretransplant chemoradiation, fungal and/or viral infections, 
DILI, toxic injury from iron overload and recurrent or de novo 
neoplastic infiltration. In addition, clinical consideration of a mass 
lesion must include the possibility of metastasis from an other- 
wise unknown primary lesion. Table 12-8 highlights clinical and 
histologic features of the liver affected by several systemic diseases. 


Conclusion 


Liver biopsy interpretation is a skill that, like all fields of medicine, 
grows with time and practice and with significant interaction with 


one’s colleagues in other areas of liver disease. Understanding the 
underlying morphologic alterations of disease processes can 
provide significant contributions to the care of patients, as well as 
the future of the field. With advances in scientific work, more is 
being done with less tissue and we have already witnessed disease 
processes for which liver biopsy evaluation is no longer necessary. 
However, an understanding of the morphologic spectra of injury 
patterns remains one of the supports in the foundation for devel- 
opment of new tests and treatments for patients with liver disease. 
It is the conversations between all investigators in the field that 
result in the best outcome for the patient. The goal of this review 
is to provide a starting point for the conversation. 
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ABBREVIATIONS 


AAC acute acalculous cholecystitis 

AASLD American Association for the Study of Liver Diseases 
ADH antidiuretic hormone 

ADL activity of daily life 

ALT alanine aminotransferase 

aPTT activated partial thromboplastin time 
AST aspartate aminotransferase 

CAT computerized axial tomography 
CLIF-SOFA chronic liver failure-SOFA 

COPD chronic obstructive pulmonary disease 
CTP Child-Turcotte-Pugh 

CVP central venous pressure 

ddAVP desmopressin acetate 

ESLD end-stage liver disease 

FDA Food and Drug Administration 

GI gastrointestinal 

HE hepatic encephalopathy 

HIDA hepatobiliary iminodiacetic acid 

HRS hepatorenal syndrome 

ICH intracranial hemorrhage 

ICP intracranial pressure monitor 

ICU intensive care unit 


Introduction 


Critical illness in patients with liver disease is common and associ- 
ated with a high mortality rate. Olson et al. noted that 26,000 
patients with cirrhosis receive mechanical ventilation and hemo- 
dynamic monitoring each year and have a greater than 50% 
in-hospital mortality.’ Unfortunately, ICU mortality for these 
patients has not changed in more than two decades.’ Other studies 
report similarly disappointing outcomes with mortalities as high 
as 100% in the setting of triple organ system failure.” 

The many chapters in this volume about organ system dysfunc- 
tion in patients with acute and chronic liver diseases outline 
current understanding of pathophysiology and available therapeu- 
tic options. This chapter is structured to amalgamate current 
critical care practice with these discussions for five common criti- 
cal situations seen in patients with acute decompensation of 
chronic liver disease and acute-on-chronic liver failure,” severe 
sepsis/septic shock, delirium and hepatic encephalopathy, and 
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INR international normalized ratio 

LDH lactate dehydrogenase 

LFT liver function test 

MAP mean arterial pressure 

MELD Model for End-Stage Liver Disease 

NIV noninvasive mechanical ventilation 

PEA pulseless electrical activity 

PEEP positive end-expiratory pressure 

pH hydrogen ion concentration 

PiCCO pulse contour cardiac output monitoring 
PT prothrombin time 

RR relative risk 

RRT renal replacement therapy 

SBP spontaneous bacterial peritonitis 

SIRS systemic inflammatory response syndrome 
SOFA sequential organ system failure assessment 
SSC surviving sepsis campaign 

SVR systemic vascular resistance 

TPN total parenteral nutrition 

UGI upper gastrointestinal 

US ultrasonography 

VTE venous thromboembolic disease 


upper gastrointestinal (UGI) bleeding. Our goal is to offer sug- 
gestions for management. Recommendations are limited by a 
paucity of clinical trials for critically ill patients with liver diseases, 
thus they reflect current, and in some cases consensus or expert 
opinion. 


Sepsis/Septic Shock 


Infection is a common precipitant of hepatic deterioration and 
multiple organ system failure in cirrhosis and is frequently cited 
as having the greatest attributable impact on mortality of any 
comorbidity. In vitro and in vivo studies outline a pathophysio- 
logic model where cirrhotic patients have functional immunologic 
defects that make them vulnerable to infection and prone to an 
over-exuberant proinflammatory systemic response.”* Together 
these processes lead to a self-perpetuating cycle of worsening of 
liver function and inflammation that promotes organ system fail- 
ures. Complicating matters are difficulties diagnosing sepsis in 
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liver disease due to similarities between cirrhosis and acute infec- 
tion (low blood pressure/vasodilated state). Systematic inflamma- 
tory response syndrome (SIRS) criteria such as leukopenia, 
hypothermia, and tachypnea are often seen in, and are less predic- 
tive of sepsis in cirrhotic patients. Biomarkers such as procalcito- 
nin and C-reactive protein have been variably reported to be 
useful in predicting bacterial infection in patients with liver 
disease.” 

Timely goal directed quantitative resuscitation is the state of 
the practice for severe sepsis and septic shock in all patients. 
Although recent data challenge fundamental elements of the Sur- 
viving Sepsis Campaign (SSC)’ and a small observational trial 
questions their utility in patients with cirrhosis,” prompt resus- 
citation to restore oxygen delivery remains the core element of 
resuscitation of any patient. 

As discussed elsewhere in this book cirrhosis is associated with 
an array of circulatory and neurohumoral abnormalities including 
increased levels of vasodilators and impaired responsiveness to 
endogenous and exogenous vasoconstrictors. This physiology 
introduces challenges in resuscitation of the hemodynamically 
compromised cirrhotic patient. Current opinion regarding the 
vascular pathophysiology of cirrhosis is that endothelial-derived 
vasoactive mediators increase splanchnic capacitance. The resultant 
arterial pooling of blood and increased blood volume in the 
splanchnic circulation equates to a reduction in central blood 
volume and preload and less than expected cardiac output. Reduced 
cardiac output due to underfilling and possibly cirrhosis-associated 
cardiomyopathy, lead to a neurohumoral response that causes renal 
sodium and water retention (reviewed in Chapter 18).'! 

Albumin is a mainstay for resuscitation of patients with cir- 
rhosis. Much of the rationale for its use is derived from its benefi- 
cial effect in spontaneous bacterial peritonitis (SBP) and for 
preservation of renal function after large volume paracentesis. 
Subset analysis of the Saline vs. Albumin Fluid Evaluation (SAFE) 
study indicated improved outcomes of noncirrhotic septic patients 
treated with albumin.'* Primary outcome data to support use of 
this colloid to resuscitate during sepsis are lacking. Furthermore, 
the physiologic rationale for its use to improve intravascular 
colloid oncotic pressure is not supported in the literature regard- 
ing noncirrhotic patients. ? Umgelter et al.” infused 400 mL of 
hyperoncotic albumin (20%) into cirrhotic patients with renal 
dysfunction and observed increased central blood volume (global 
end-diastolic blood volume) and cardiac index. A notable finding 
from this study (and others)'* was the failure of central venous 
pressure (CVP) to correlate with changes in cardiac output and 
an elevated systematic vascular resistance (SVR) as a predictor of 
response to hyperoncotic albumin. Other studies have failed to 
describe changes in blood pressure following albumin administra- 
tion, but do note reduced renin levels, suggesting subclinical 
increases in effective intravascular volume. These studies suggest 
that abnormal responses to volume expansion of cirrhotic patients 
lessen the utility of traditional measures of resuscitation such as 
blood pressure and heart rate.' 

In the absence of clinical trials, expert opinion recommends 
goal directed resuscitation of cirrhotic patients using guidelines of 
the SSC.'°'” This includes a target mean arterial pressure of 
65 mm Hg, a central venous oxygen saturation (SO) greater 
than or equal to 70%, and a urine output greater than 0.5 mL/ 
kg per hour using fluids, vasopressors, inotropes, and, in some 
cases, blood. Some caution in adherence to these guidelines is 
required, including the need to appreciate that cirrhotic patients 
often have mean arterial pressure (MAP) lower than 65 mmHg, 


high S.O;, elevated lactate concentrations due to abnormal 
lactate metabolism, and lower urine output than noncirrhotic 
patients. Furthermore, resuscitation guided by CVPs may be haz- 
ardous due to parallel increases in central venous and portal pres- 
sures. A prudent approach would be to initiate resuscitation using 
the SSC guidelines with frequent reevaluation. Clinical improve- 
ment without achieving the quantitative resuscitation targets of 
the SSC should prompt a shift in approach rather than continued 
resuscitation. In liver disease CVP is not a useful measure of 
preload, nor has the use of a pulmonary catheter been shown to 
impact outcome. Volumetric assessments of response to fluids 
seem a better choice at this time. Use of transpulmonary thermo- 
dilution such as the pulse contour cardiac output monitoring 
(PiCCO) system to assess end-diastolic volume may have some 
utility. °? Bedside critical care ultrasound is a readily available, easy 
to perform measure of central blood volume and/or prediction of 
volume responsiveness that has gained widespread acceptance 
despite lack of prospective trials showing improvements in 
outcome. Whether critical care ultrasonography (US) is useful for 
guiding resuscitation of patients with cirrhosis is unknown. 

Respiratory failure caused by increased metabolic demands 
(Type 4) may develop in patients with cirrhosis with severe sepsis 
or septic shock due to the high workload of breathing from aci- 
dosis and reduced respiratory system compliance caused by a 
distended abdomen and elevated diaphragms from ascites. Intuba- 
tion and mechanical ventilation may be required to reduce oxygen 
consumption in this setting. Depressed mental status due to sepsis 
and/or hepatic encephalopathy should prompt early rather than 
late initiation of mechanical support for respiratory failure. Non- 
invasive ventilation should be used with caution in patients with 
cirrhosis, as they may be intolerant due to worsening of abdomi- 
nal distention caused by positive pressure. Acutely ill patients with 
liver disease are likely to have altered sensorium, which is also a 
contraindication for noninvasive ventilation. 

Source control is a key aspect of treatment of sepsis. All patients 
require a thorough survey for evidence and sources of infection. 
This includes laboratory evidence and blood cultures. All patients 
with cirrhosis should be evaluated for ascites that, if present, 
should be sampled when looking for evidence of primary or sec- 
ondary bacterial peritonitis (Table 13-1). Paracentesis can be per- 
formed irrespective of the international normalized ratio (INR) 
and platelet count provided there is no clinical evidence of fibri- 
nolysis or diffuse intravascular coagulation.'* Empiric broad- 
spectrum antibiotics should be selected using a protocol that is 
sensitive to the local microbiogram. Review of data from an inter- 
national sepsis database that included 635 patients with cirrhosis 
and sepsis revealed that use of a single antibiotic, as opposed to 
two or more appropriate antimicrobials was associated with 
increased risk of death.” Similarly, selection of incorrect antibiotics 
is associated with a 9.5-fold increase in mortality. Delay of antibi- 
otic administration has been linked to increased mortality in cir- 
rhotic patients, each hour delay increased the adjusted odds ratio 
for death by 1:1.” Inferential data supports the notion that early 
administration of antibiotics translates to improved outcomes 
from septic shock.***! 

The role of steroids in septic shock is incompletely defined in 
patients without liver disease. Biochemical evidence for adrenal 
insufficiency has been reported in up to 83% of critically ill septic 
patients with cirrhosis.” The diagnosis of adrenal insufficiency in 
all forms of critical illness, including liver disease, is limited by 
the absence of a gold-standard for adrenal insufficiency. Fernandez 
et al. reported that hydrocortisone improves survival in critically 
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Etiologies of Acutely Altered Mental Status 
in Patients With Cirrhosis 


Hepatic encephalopathy 164 (47) 
Sepsis/infectious 82 (23) 
Metabolic 29 (8) 
Drugs/toxins 24 (7) 
Structural* 19 (5) 
Psychiatric 2 (1) 
Infection + metabolic 14 (4) 
Infection + drugs/toxins 7 (2) 
Infection + structural 6 (2) 
Metabolic + drugs/toxins 2 (1) 
Total 349 (100) 


*Structural includes: intracranial hemorrhage (8), cerebrovascular accident (3), status epilep- 
ticus (1), brain mass (1). 

Data from Runyon BA. Management of adult patients with ascites caused by cirrhosis. Hepa- 
tology 1998;27:264-272. 


ill patients with cirrhosis with biochemical evidence of adrenal 
insufficiency.” This small (25 patients), prospective, nonrandom- 
ized single center trial that used historical controls should be 
considered in the context of more recent data showing lack of 
outcome benefit from steroid supplementation in refractory 
sepsis.“ Nevertheless, hydrocortisone (50 mg IV every 8 hours) 
remains an option for patients with shock who fail to improve 
with fluids and reasonable doses of norepinephrine. 


Altered Mental Status 


Acutely altered mental status (delirium) is a catchall for impaired 
cognition, reduced attention, reduced awareness and/or altered 
level of consciousness. Regardless of the etiology, delirium conveys 
an adverse prognosis such that patients with structural causes for 
delirium have an odds ratio for death of 43 as compared with 
patients with cirrhosis without delirium.” In patients with cir- 
rhosis, altered mental status is often routinely attributed to hepatic 
encephalopathy (HE); however, other causes, especially infection, 
must be considered. Table 13-1 lists the findings from a retrospec- 
tive review of 1218 patients with cirrhosis and delirium. Whereas 
HE was the most common cause of delirium, it accounted for less 
than half of cases of delirium in this population.” 

Brain computed tomography (CT) is commonly ordered in 
search of coagulopathy-related, spontaneous intracranial hemor- 
thage (ICH) in patients with liver disease. Donovan et al. have 
shown that patients with cirrhosis without trauma and with a 
nonfocal neurologic exam are very unlikely to have ICH, regard- 
less of platelet count or INR.” The number needed to scan to 
find a single ICH in the absence of a focal neurologic exam in 
this study was 293, for those with a focal neurologic exam or 
trauma it was 9 and 20, respectively. This is consistent with data 
from studies of other critically ill medical ICU patients.” Stated 
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otherwise, head CT is of limited utility in patients without an 
exam or history that predicts intracranial pathology. 

Although rare, meningitis should be considered in febrile 
patients with cirrhosis with otherwise unexplained altered mental 
status.” The incidence of meningitis may be increased as much 
as 10-fold in patients with cirrhosis compared to the normal 
population, it nevertheless accounts for less than 1% of bacterial 
infections in patients with cirrhosis and remains uncommon. In 
cirrhotic patients, the clinical presentation of meningitis, as com- 
pared to noncirrhotic patients, is often atypical; meningismus may 
be delayed (up to 24 hours), symptoms prior to diagnosis are often 
prolonged (4 days or more), there is a greater incidence of relapse, 
and the mortality rate is very high.” The bacterial milieu in 
patients with cirrhosis differs from normal adults and includes 
Gram-negative enteric organisms (E. coli) and Listeria. Confirma- 
tion of meningitis requires lumbar puncture (LP). Unlike liver 
biopsy, paracentesis, and central lines there is no consensus about 
safe coagulation parameters required to perform a lumbar punc- 
ture. The clinical practice guidelines of the Vascular and Interven- 
tional Radiology Society of Europe provide the following 
reasonable empiric recommendations for procedures deemed 
moderate risk for bleeding; platelet count greater than 50,000/uUL, 
INR less than 1.5, withholding anticoagulation for durations that 
respect each agents functional half-life, and carefully considering 
the need for LP in the presence of active bleeding or hyperfibri- 
nolysis.*' Thus, the clinician must balance the risks and benefits 
of empiric antibiotics with confirmation of an uncommon diag- 
nosis in patients with coagulopathy. 


Upper GI Bleeding 


There are multiple causes of UGI bleeding in patients with cir- 
thosis.*”’? However, data from small studies suggests that patients 
with gastroesophageal varices almost always bleed from their 
varices.” In an older, small study of 40 patients with Child-Pugh 
criteria for cirrhosis who presented with UGI bleeding, 11 had 
varices, and 17 had varices plus another lesion (Mallory-Weiss 
tears, gastritis, esophagitis). Of these 17 patients, only half bled 
from varices. The others had Mallory Weiss tears, gastritis and 
gastric ulcers. Child-Pugh scores in these patients did not predict 
the risk of variceal bleeding. 

The need for emergent endoscopic evaluation and treatment 
of massive UGI bleeding frequently raises the question of prophy- 
lactic intubation for airway protection and prevention of cardio- 
vascular complications. Intubation of patients with severe liver 
disease introduces a variety of ICU-related issues, including use 
of hepatically metabolized sedatives that can lead to prolonged 
mechanical ventilation resulting in a cycle of events that may 
promulgate or worsen hepatic decompensation or potentially 
trigger acute-on-chronic liver disease. Several retrospective studies 
note that elective intubation does not reduce postprocedure pul- 
monary infiltrates or mortality.” The results of a recent meta- 
analysis of four controlled studies reported a significant increase 
in pneumonias at 48 hours postprocedure.”* A retrospective study 
of prophylactic intubation of patients with variceal bleeding who 
had no greater than Grade II encephalopathy and no preproce- 
dure pulmonary infiltrates on chest X-ray reported that intubated 
patients had significantly more infiltrates (17% vs. 0%, p = 0.01) 
and a trend toward higher morality (21% vs. 5%, p = NS).” In 
the absence of prospective studies to define indications for intuba- 
tion during endoscopy for suspicion of varices, it seems reasonable 
to recommend that, in patients with no respiratory issues (no 
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infiltrates, chronic lung disease or baseline hypoxemia) and who 
do not have severe hepatic encephalopathy (defined as Grade I or 
II), prophylactic intubation is not necessary, provided the patient 
is responding to resuscitation. If intubation is necessary we recom- 
mend avoiding potent, hepatically metabolized anesthetics such 
as propofol. 


General Critical Care Issues 


Mechanical Ventilation of the 
Patient With Liver Disease 


Although no specific recommendations for mechanical ventilator 
support of patients with advanced liver disease are available, 
several general concepts apply. First, noninvasive mechanical ven- 
tilation (NIV) has become commonplace for patients with unim- 
paired mental status with chronic obstructive pulmonary disease 
(COPD), pulmonary edema, and asthma. Use in these settings is 
evidence based and is generally of short-duration (a few hours). 
Patients with ascites and abdominal hypertension may be intoler- 
ant of gastric distention caused by NIV and may vomit and 
aspirate. Many of these patients are encephalopathic, which is a 
relative contraindication for NIV. In the absence of data support- 
ing the use of NIV in patients with liver disease, its use should 
be avoided, even in patients being transitioned to comfort care. 
Positive pressure, invasive mechanical ventilation must also be 
used with caution. Patients with liver disease may have reduced 
respiratory system compliance due to tense ascites and pleural 
effusions. In these settings, tidal volumes and end-inspiratory 
plateau pressures must be carefully considered to avoid impeding 
venous return and compromising cardiac output and blood pres- 
sure. Positive end-expiratory pressures (PEEPs) can be life-saving 
in patients with alveolar filling processes and atelectasis, but they 
can increase intrahepatic venous pressures, reduce hepatic blood 
flow, and may, theoretically, worsen portal blood pressure.*”“° 
These physiologic effects should be considered in all patients with 
liver disease, especially those with fulminant liver failure and 
elevated intracranial pressure. Invasive mechanical ventilation 
often includes use of intravenous sedation and analgesia. The 
choice of analgesics and sedatives in liver disease patients must 
take into account the possibility of prolonged pharmacologic half 
lives. If sedation and analgesia are used, they should be adminis- 
tered using a protocol that targets the level of sedation to a defined 
level, and include daily interruption of sedatives followed by 
reinstitution at lower levels. Liberation of patients with cirrhosis 
from mechanical ventilation can be challenging; they often have 
elevated respiratory rates, small tidal volumes due to reduced 
respiratory system compliance, and may have hypoxemia due to 
hepatopulmonary syndrome and/or portopulmonary hyperten- 
sion. Accordingly, application of standard measures of success of 
spontaneous breathing trials may not be appropriate for these 
patients in determining if they can support independent ventila- 
tion. We recommend use of a T-piece trial and careful observation 
for hemodynamic and respiratory stability prior to extubation. 


ICU Jaundice and Liver Function Test (LFT) 
Abnormalities (see Chapter 57) 


All patterns of serum liver markers have been reported in patients 
with critical illnesses. The majority of critically ill patients 


admitted to ICUs have elevations of alanine aminotransferase 
(ALT), y-glutamyl transpeptidase, and alkaline phosphatase.“ In 
general, elevations are less than twofold and are thought to be 
indicative of hepatic inflammation linked to multiple organ 
system failure. Elevations of liver associated tests are generally 
measures of severity of illness and not necessarily associated with 
increased mortality. 

Elevations of serum conjugated bilirubin are particularly com- 
monly, occurring in 30% or more of patients with sepsis.“ Hyper- 
bilirubinemia is thought to be due to impaired excretion by 
hepatocytes and possibly by previously undiagnosed Gilbert 
disease, hemolysis, impaired uptake of bilirubin, and decreased 
bile flow.“ Increased bilirubin is a marker of liver dysfunction“ 
and is typically seen in patients with multiple organ system dys- 
function in the setting of severe sepsis and shock. ICU jaundice 
has been reported in postsurgical patients, with use of positive 
pressure ventilation with positive end-expiratory therapy (PEEP 
>5 cm H,O), and after multiple blood transfusions.*”“° The etiol- 
ogy is likely due to hepatocyte hypoxemia due to low flow states, 
hepatic venous/right atrial hypertension, and insufficient hepatic 
artery buffer response when portal venous blood flow falls from 
splanchnic vasoconstriction leading to production of inflamma- 
tory mediators that down-regulate hepatocyte transport mecha- 
nisms.“ These processes are likely to be worsened by endotoxin 
and other bacterial elements. Vasopressors that reduce splanchnic 
blood flow (dopamine, norepinephrine) can potentially exacer- 
bate hepatocyte hypoxia and hyperbilirubinemia. Increased bili- 
rubin rarely occurs in isolation; several-fold elevations of alkaline 
phosphatase and variable increases in y-glutamyl transpeptidase, 
aspartate aminotransferase (AST), and ALT are often seen in criti- 
cal illness, and likely reflect severity of illness in a milieu of mul- 
tiple organ system dysfunction. In general, hyperbilirubinemia 
greater than 2 mg/dL is associated with increased ICU mortality.” 
Treatment of hyperbilirubinemia is supportive, including prompt 
resuscitation and limitation of hepatotoxic and cholestatic medi- 
cations. The Corticosteroid Therapy of Septic Shock (CORTI- 
CUS) trial of the use of steroids for septic shock noted improved 
liver dysfunction in the first week of steroid treatment without 
improvement of outcome in general.“ In general hyperbilirubi- 
nemia abates as the patient improves. 


Hypoxic/Ischemic Hepatitis (Shock Liver) 


Marked elevation (> 20-fold) of serum aminotransferase levels and 
lactate dehydrogenase (LDH) in the setting of circulatory and/or 
hypoxemic respiratory failure in the absence of other causes of 
hepatocyte necrosis defines hypoxic hepatitis, or what is com- 
monly called shock liver.” Hypoxic hepatitis is most commonly 
seen in septic and cardiogenic shock, and can lead to fulminant 
liver failure. Typically, hepatic hepatitis/shock liver causes an early, 
rapid rise of AST, ALT, and LDH that trend down after 2 or 3 
days and normalize at approximately 15 days.” The total bilirubin 
then increases, and trails the resolution of the other liver associ- 
ated tests. Resuscitation, supportive care, and correction of the 
primary cause of impaired hepatic oxygen delivery are the only 
available treatments. 


Acute Acalculous Cholecystitis 


Acute Acalculous Cholecystitis (AAC) is an uncommon and dif- 
ficult to diagnose condition that is associated with a high mortal- 
ity (> 30%) if not recognized and properly addressed. AAC 
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typically occurs in critically ill patients with multiple-system 
trauma, sepsis, shock, surgery, or burns. It is also seen in fasting 
patients, those receiving total parenteral nutrition (TPN),’' and 
opiates.” It should be considered in patients with signs of sepsis 
with right upper-quadrant abdominal pain, leukocytosis, and 
jaundice with no other source of infection. However, patients may 
be asymptomatic. Bile stasis and gallbladder ischemia are the 
probable pathophysiologic processes that lead to AAC. This dyad 
is sometimes seen with portal system hypoperfusion, use of vaso- 
pressors, fasting, hypovolemia, and mechanical ventilation. Bile 
stasis may lead to inspissation of bile and mucosal injury to the 
ischemic gallbladder or bile duct obstruction. AAC can also occur 
as a result of secondary infection of the gallbladder in dissemi- 
nated infections such as candidiasis. 

The diagnosis of AAC requires a high index of suspicion 
because patients may be asymptomatic. AAC should be consid- 
ered in patients with unexplained sepsis who have fever, leukocy- 
tosis, and jaundice. Prompt diagnosis is essential to avoid 
progression to gallbladder gangrene and perforation. Modalities 
for detection of AAC include ultrasound, radionuclide studies, 
and CT (Table 13-2). Bedside right upper-quadrant ultrasound 
is a reasonable first choice. Published criteria for the diagnosis of 
cholecystitis without gallstones (AAC) include a gallbladder wall 
thickness greater than 3.0 mm, with 3.5 mm being both sensitive 
and highly specific for AAC. Pericholecystic fluid and edema and/ 
or gas in the gallbladder wall are additional sonographic features 
of AAC. False positive ultrasounds must be considered with hypo- 
albuminemia and ascites. CT is similarly accurate and the same 
diagnostic criteria apply. 

Hepatobiliary iminodiacetic acid (HIDA) scans to diagnose 
AAC are limited by the need to take patients out of the ICU for 
a prolonged period and a high false-positive rate due to fasting, 
TPN, and liver disease. The use of morphine or cholecystoki- 
nin after initial nonvisualization of the gallbladder increases the 
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diagnostic sensitivity and specificity of nuclear medicine studies 
for AAC. 

Treatment of AAC consists of broad-spectrum antibiotics that 
target Gram-negative organisms and cholecystectomy. However, 
patients with AAC are typically too unstable to undergo abdomi- 
nal surgery. As a result, ultrasound or CT-guided placement of a 
percutaneous cholecystostomy tube is the treatment of choice. 
These tubes remain in place until the patient's critical illness has 
abated and they have recovered sufficiently to be able to undergo 
surgery. Unfortunately, the absence of reliable methods to diag- 
nose AAC results in placement of cholecystostomy tubes in 
patients who do not have AAC. Recently, endoscopic approaches 
for AAC have been described for patients deemed too high risk 
for surgery.” 


Prophylaxis for Venous 
Thromboembolic Disease (VTE) 


The incidence and risk of venous thromboembolic disease (VTE) 
in patients with cirrhosis in ICUs is not well understood.” A 2009 
case-control study from Denmark reported a relative risk of VTE 
of 1.74 for all patients with cirrhosis and 1.87 for noncirrhotic 
liver disease, independent of cancer, trauma, surgery, or preg- 
nancy.” In this study, the relative risk (RR) for unprovoked VTE 
was 2.06 for cirrhotic, and 2.10 for noncirrhotic liver disease and 
was notably higher (RR 3.6) for patients younger than 55 years 
old. The authors concluded that liver diseases are strong risk 
factors for VTE. The incidence of hospital-acquired VTE in liver 
patients is not known. 

The notion that a high prothrombin time (PT) implies protec- 
tion from VTE is not supported by the available literature. Soci- 
etal recommendations for VTE prophylaxis for liver disease are 
not established. Based on expert opinion, a reasonable approach 


Diagnostic Criteria for Acute Acalculous Cholecystitis 


Ultrasound Major 
Pericholecystic fluid 
GB wall edema 
Intramural gas 
Sloughed mucosa 


Minor Echogenic bile (sludge) 


GB wall thickness > 3.0 (= 3.5 mm may be diagnostic of AAC in the proper setting) 


2 major or 1 major and 2 minor 


Transverse diameter of the GB > 5 cm or longitudinally > 8 cm 


CT Major Wall thickness > 3 mm 
Pericholecystic fluid 

Subserosal edema (halo sign) 
Intramural gas 

Sloughed mucosa 
Pericholecystic infiltration of fat 
Hyperdense bile (sludge) 
Subjective GB distention 


Minor 


2 major or 1 major and 2 minor 


HIDA scan 


Nonvisualization of the GB 1 hr after injection of radionuclide in the presence of 


adequate hepatic uptake and excretion into the duodenum 
Nonvisualization of GB 30 min after injection of IV morphine (0.04-0.05 mg/kg) 


ACC, Acute acalculous cholecystitis; GB, gallbladder; C7, computed tomography; HIDA scan, hepatobiliary iminodiacetic acid scan. 
Data from Huffman JL and Schenker S. Acute acalculous cholecystitis: a review. Clin Gastroenterol Hepatol 2010;8:15-22; Barie PS and Eachempati SR. Acute acalculous cholecystitis. Gastroenterol 


Clin North Am 2010;39:343-357, x. 
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would be to provide chemoprophylaxis with a heparinoid (heparin 
or low molecular weight heparin) to patients at low risk of bleed- 
ing, and mechanical prophylaxis (e.g., sequential compression 
devices) to those who are bleeding, at high risk of bleeding, or 
who are thrombocytopenic.” 


Primary SBP Prophylaxis 


Patients with low ascites protein concentration (< 1.5 mg/dL), 
renal insufficiency, and Child-Pugh score greater than or equal to 
9, with bilirubin greater than or equal to 3 mg/dL, are at increased 
risk for SBP Fernandez et al. showed in a small randomized, 
placebo-controlled multicenter study that primary prophylaxis 
with daily norfloxacin (400 mg p.o.) significantly reduced the 
probability of SBP and hepatorenal syndrome (HRS) and 
improved 3-month and 1-year survival in patients at risk for SBP 
and HRS. Unfortunately, norfloxacin is no longer available in the 
United States. The use of ciprofloxacin (500 mg/day) has also 
been demonstrated to be effective for SBP prophylaxis.” It is 
reasonable to recommend use of a fluoroquinolone in patients 
with cirrhosis with low protein ascites for prevention of SBP and 
to attenuate the risk of HRS. 


Acid-Base and Electrolyte 
Disorders in Cirrhosis 


Hydrogen ion concentration (pH) in patients with stable cirrhosis 
is maintained by an offsetting balance between hypoalbuminemic 
alkalosis and combined dilutional and hyperchloremic metabolic 
acidosis. This balance can be altered by unmeasured anions due 
to acute renal failure, renal tubular acidosis, and medications (spi- 
ronolactone). Destabilization of arterial pH balance is common 
with hepatic decompensation for any reason. 

A prominent and ominous element in critically ill patients with 
acute-on-chronic liver failure is lactic acidosis.” Lactate is in large 
part cleared (50% or more) by the liver via the Cori cycle and, in 
the setting of significant liver injury and/or hypoxemia, can be a 
source of lactate production.“ When coupled with acute renal 
failure, pathways to lactate elimination are lost, resulting in severe 
lactic acidosis.” Current trends in treatment of acidosis in the 
absence of liver disease are to correct the primary problem and 
avoid bicarbonate treatment, even at extremes of pH.” Lactic 
acidosis in the setting of liver disease differs from other scenarios 
due to combined loss of ability to produce bicarbonate and clear 
lactate. Although the treatment of lactic acidosis may not neces- 
sarily improve clinical outcomes, treatment of lactic acidosis must 
be considered at the extremes of pH (e.g., pH < 7) unless future 
data suggest otherwise. 

Hyponatremia is common in patients with cirrhosis and portal 
hypertension” and is thought to be due to excessive antidiuretic 
hormone (ADH) levels causing renal water retention. The degree 
of hyponatremia predicts patient survival. In fact, addition of 
sodium levels to the Model for End-Stage Liver Disease (MELD) 
score improves its accuracy for predicting survival.” Patients with 
acute, symptomatic (uncommon in the cirrhotic patient) hypo- 
natremia (< 120 mEq/L) should be treated, as should patients 
without liver disease, using cautious correction with hypertonic 
saline to bring Na* up by no more than 10 to 12 mEq in the first 
24 hours and 18 mEq in 48 hours. Fluid restriction and discon- 
tinuation of diuretics are generally recommended in patients with 
severe hyponatremia. 


The vasopressin receptor antagonist tolvaptan has a Food and 
Drug Administration (FDA) black box warning about its use in 
patients with liver disease because its long-term use was associated 
with increased liver tests. However, short-term (30 day) use of 
tolvaptan was not associated with liver test abnormalities. 
Conivaptan is approved in the United States for treatment of 
euvolemic and hypervolemic hyponatremia, including in cirrho- 
sis. Careful, short-term use should be considered in patients 
whose Na’ is less than 120 mEq, or who either failed to respond 
to fluid restriction or are mildly symptomatic.” 


Procedure Risk of Bleeding in Liver Disease 


Abnormal measures of coagulation in chronic liver disease often 
raise concern about the safety of invasive ICU procedures such as 
central line placement, thoracentesis, and lumbar puncture. Com- 
monly used coagulation assays (PT, activated partial thromboplas- 
tin time [aPTT], platelet count) are not predictive of coagulation 
function or bleeding risk in general and in chronic liver disease 
in particular.” Recent data from patients with modest elevation 
of INR and compensated liver disease indicate that patients with 
liver disease are able to form thrombin and blood clots and that 
thromboelastography may be a better test of coagulation function 
than more traditional assays.“ Furthermore, attempted correction 
of abnormal coagulation parameters with plasma and other pro- 
coagulants has not been shown to attenuate procedural bleeding 
risk in cirrhosis.” With this understanding, it is possible to make 
recommendations about the performance of common ICU pro- 
cedures in the setting of abnormal laboratory measures of coagula- 
tion, provided other adverse influences of coagulation have been 
addressed (Table 13-3). No data are available to generate recom- 
mendations for safety of procedures for patients with severely 
abnormal coagulation parameters (INR > 3.5), severely decom- 
pensated liver disease and multiple organ system failure, or those 
with evidence of hyperfibrinolysis and active bleeding. In these 
settings the clinician must balance the need for the procedure with 
its risk and the lack of evidence of benefit for attempted correction 
of coagulation defects. 

Central line placement via the internal jugular, femoral, and 
subclavian routes in the setting of abnormal PT and low platelet 


UAGE Factors to Modify Procedural Bleeding Risk 
IEZ in Patients With Chronic Liver Disease 


General Measures 


Correct hypocalcemia 

Correct acidosis 

Correct hypothermia 

Treat infection 

Parenteral vitamin K on admission and daily 

Functional coagulation testing (ex. TEG) 

Avoid empiric correction of coagulopathy or thrombocytopenia 


Procedural Factors 


Use of experienced operators and ultrasound guidance 

Correct platelet counts to > 50 x 10°/L for elective procedures & 
> 30 x 10°/L for emergency procedures 

Correct fibrinogen to > 100 mg/dL for elective procedures 


TEG, Thromboelastography. 
Data from Roberts LN, and Bernal W. Management of bleeding and thrombosis in critically 
ill patients with liver disease. Semin Thromb Hemost 2015;41:520-526. 
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counts has been shown to be safe in multiple studies.”””* These 
small single-center studies show that for patients with abnormal 
PT there is a low risk of bleeding with central line placement by 
experienced operators and that this does not differ from patients 
with normal coagulation tests. These studies also show that pro- 
phylactic administration of plasma does not alter the procedural 
bleeding risk” and that ultrasound guidance should be used when- 
ever possible.” Roberts and Bernal’s excellent overview of man- 
agement of bleeding risk in liver disease recommends that platelet 
counts for central lines should be greater than 50 x 10°/L for elec- 
tive procedures and greater than 30 x 10°/L for emergent proce- 
dures,” which is less conservative than the American Association 
for the Study of Liver Diseases (AASLD) recommendations of 
50-70 x 10°/L.”° Roberts and Bernal also recommend that fibrino- 
gen should be greater than 100 mg/dL for central line insertion. 
The study by Mumtaz et al.” reported slightly increased risk of 
minor bleeding at the entrance site that was treated with a purse 
string suture. A retrospective study reported that prophylactic 
administration of fresh frozen plasma in patients with a preproce- 
dural INR greater than 1.5 before central line placement had no 
impact on procedural bleeding. Together, these data, which come 
from patients with moderate abnormalities of coagulation assays, 
support the concept that laboratory assessment of coagulation 
does not predict procedural bleeding, and that central lines can 
be placed by experienced operators in the setting of high INRs 
provided the patient is not actively bleeding or showing signs of 
hyperfibrinolysis. 

The risk of serious postprocedural complications following 
paracentesis is low, approximately 0.1%, such that concern about 
complications should not influence the decision to perform para- 
centesis when clinically indicated. Although abnormal coagula- 
tion assays are common with chronic liver disease, AASLD 
recommendations and other literature for the management of 
ascites in adults note that prophylactic administration of proco- 
agulants for paracentesis is not supported by the literature even 
though many gastroenterologists continue to use plasma if the 
INR is greater than 2.5.'°”””* Patients with renal failure appear to 
have a higher incidence of postparacentesis bleeding.” Although 
no specific recommendations to address this concern are available, 
desmopressin acetate (ddAVP) could be considered to transiently 
improve platelet function in the setting of renal failure. 

The risk of hemothorax after thoracentesis is low, in the order 
of 1 in 1000 procedures in critically ill patients. Older data regard- 
ing diagnostic and therapeutic thoracentesis performed in patients 
with liver disease and abnormal coagulation parameters speak of 
increased risk of pneumothorax but not increased bleeding.*”*! 
These procedures were likely done using older devices with fewer 
protections from bleeding and pneumothorax. Other studies of 
thoracentesis in patients with coagulopathy, including that caused 
by liver disease, have reported it as a safe procedure." Tube tho- 
racostomy placement in cirrhotic patients has not been reported 
to increase the risk of hemothorax.*’ There is no evidence that 
prophylactic infusion of plasma reduces the risk of bleeding from 
thoracentesis. In the absence of specific guidelines regarding tho- 
racentesis, we recommend use of ultrasound for fluid localization 
and performance by an experienced operator without empiric 
correction of coagulation abnormalities, with the same caveats 
and recommendations as listed earlier for paracentesis. 

The risk of neurologic catastrophe and death due to intracra- 
nial bleeding from intracranial pressure monitor (ICP) placement 
presents a special challenge in the management of critically ill liver 
patients. Many of these patients have severe liver dysfunction and 
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renal failure, which further compromises coagulation. The AASLD 
recommends correction of coagulopathy prior to pressure monitor 
placement. Many centers chose epidural catheters to minimize 
risk of parenchymal bleeding. Approaches to correction of coagu- 
lopathy vary and include plasma, platelets, and activated Factor 
VII." Regardless of the method used, correction of coagulopathy 
introduces a delay in learning about ICP and treatment. 
Concern about thrombosis from Factor VIIa has not been 
borne out in repeated studies and it has been shown to be more 
cost effective than fresh frozen plasma alone” and can probably 
repair coagulation defects faster than other approaches without 
requiring repeated assessments of coagulation function.*° If used, 
repeat dosing may be needed to prevent late postprocedural 


bleeding. 


Prognostication 


Older measures of outcome of patients with liver disease admitted 
to ICUs revealed distressingly high ICU and in-hospital mortality 
that ranged as high as 100% in the setting of respiratory failure 
and sepsis.” Most of this work was done prior to 2000. More 
recent studies report in-hospital mortalities in the range of 50% 
and short-term survival of 30% to 40%, suggesting that ICU 
mortality may have improved.” 

A variety of predictors have been used to prognosticate in the 
setting of liver disease. The Child-Turcotte-Pugh (CTP) and 
MELD _Na* scores are sometimes used to predict ICU mortality; 
however, they were designed to predict operative risk and the risk 
of death without liver transplantation, and they do not perform 
well in the setting of multiple organ system failure.” The Acute 
Physiology and Chronic Health Evaluation I (APACHE II) and 
Sequential Organ System Failure Assessment (SOFA) scores are 
useful in the setting of cirrhosis, as is the Organ System Failure 
Score.” The CLIF Acute-on-Chronic Liver Failure in Cirrhosis 
(CANONIC) Study recently reported the utility of the Chronic 
Liver Failure-SOFA (CLIF-SOFA) for acute-on-chronic liver 
failure.“**°' A recent small study reports that the addition of 
lactate to the CTP score (CTP-L) and the Royal Free Hospital 
scoring tools may be better predictors of ICU mortality than other 
prediction scores.”””? There are currently no large prospective 
studies that demonstrate that any score is sufficient to permit 
clinical decision-making at the individual patient level. It also 
must be considered that liver scoring systems have been derived 
from medical centers with hepatology programs with substantial 
expertise in the care of patients with liver disease and may not be 
applicable to patients in other care environments.” 

Improvements in outcome reported in recent studies may 
reflect improved patient selection such that patients with multiple 
comorbidities—ongoing alcohol use, poor functional status/ 
inability to perform activities of daily living, and liver-related 
admissions in the preceding 6 months—may not be offered ICU 
care and are not included in recent databases.” 

Based on experience and small studies, there are clinical indict- 
ors that presage adverse outcomes that can influence decisions to 
offer intensive care. As the number of extrahepatic organ system 
failures grows to three or more, mortality approaches 100%, 
especially if acute renal failure and acute respiratory failure requir- 
ing mechanical ventilation develops.”””® Decompensated cirrhosis 
with bacteremia is associated with in-hospital mortality of greater 
than 75%.” Patients with end-stage liver disease (ESLD) who 
receive cardiopulmonary resuscitation do poorly, especially if their 
MELD score is greater than or equal to 20 and they have an 
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initial nonshockable rhythm (pulseless electrical activity [PEA], 
asystole).”” These factors should weigh into the decision regarding 
management of cardiac arrests in patients with ESLD. 

The influence of acute renal failure on survival in the setting 
of liver disease sometimes influences the decision to offer ICU 
care. This is particularly the case with Type 1 HRS in patients 
who are not liver transplant candidates where it is perceived that 
the prognosis is so dismal as to not warrant aggressive efforts. A 
recent review of real-world practice in Italy indicates that a sub- 
stantial fraction (50%) of patients with HRS Type 1 respond to 
treatment with vasoconstrictors and large doses of albumin.” 
Patients in this study who had two of the following adverse 
predictors—failure to respond (or worsen) to treatment, age 
greater than 65 years old, and high creatinine (> 6 mg/dL)—had 
a mortality of 97%. Three-month survival of HRS Type 1 was 
19.7%; of the five patients who received dialysis, only one sur- 
vived to 3 months. Witzke et al. reported the results from a 
prospective observational trial of renal replacement therapy (RRT) 
for HRS that developed in patients who were either liver trans- 
plant candidates or had decompensated liver disease due to a 
potentially reversible etiology such as gastrointestinal (GI) bleed- 
ing.” In this study, all HRS patients who required mechanical 
ventilation died (median survival, 4 days; maximum survival, 10 
days). Those not needing mechanical ventilation fared better; 8 
of 30 survived to 30 days but none made it to 1 year without 
transplant. Similar results have been reported by others,'”’ includ- 
ing a recent retrospective cohort study by Zhang et al., showing 
that RRT did not improve survival in patients who also received 
vasoconstrictor and albumin therapy.'°' 

Data such as that discussed earlier serve as the rationale for 
some physicians to consider RRT in nontransplant patients as 
futile and refuse to offer RRT for HRS Type 1.” For patients 
with preadmission evidence of declining liver synthetic function 
and poor quality of life who are not realistic transplant candidates 
and are unable to manage their disease, consideration should be 
given to not offering either ICU admission or aggressive care in 
an effort to reverse hepatic decompensation and acute multiple 
organ failure. In these circumstances, care is life-sustaining, not 
curative, and may do little more than prolong a patient’s dying 
process. In the event of uncertainty, a time-limited trial (2-3 days) 
can be offered provided clear expectations and measures of 
improvement are established with the patient and their surrogates. 
In all cases, treatment plans should be developed using a shared 
decision-making process that involves the patient when possible, 
family or other surrogates, and the patient’s care-delivery team. 
Early involvement of palliative care professionals has been shown 
to be useful in patients with ESLD and can be of great help in 


the critical care management of the severely ill patient with liver 
disease.” Unfortunately, only small minorities of patients with 
ESLD who are not transplant candidates are seen by palliative care 
(11%) or have a do-not-resuscitate order (28%).!"4 


Conclusion 


Clinical experience and literature regarding the care of critically 
ill patients with acute and chronic liver disease is growing. Much 
of this knowledge base is an empiric extension of data from non- 
liver patients rather than from direct studies of patients with liver 
disease. Thus, there exists little data regarding clinical beneficence 
to permit the creation of structured recommendations for treat- 
ment of these patients when they become critically ill. This 
knowledge-treatment gap highlights the need for well-considered 
clinical trials to define the efficacy of current treatments and 
identify future ones for critically ill liver patients. 


SUMMARY 


Recent Progress 

Critical illness is a common problem for patients with acute and chronic 
liver diseases. Improvements in diagnostic criteria and prognostication 
have been achieved and some improvement has been achieved in 
short-term stabilization of liver patients with renal disease. Unfortunately, 
there are few recent trials that provide definitive guidance for the 
management of these patients. 


Key Knowledge Gaps 

Clinical experience and consensus opinions combined with small studies 
now permit consensus recommendations for the management of common 
critical medical problems in liver disease such as sepsis, renal failure, 

GI bleeding, and altered mental status. Due to a paucity of clinical trials 
in the realm of critical care hepatology, the clinical impact of the 
recommendations in this chapter must await completion of clinical trials. 


Future Direction 

There remains a substantial knowledge gap regarding what works and 
what does not for the critically ill liver patient. Better definition of 
appropriate treatments for these patients must await the development of 
a strong clinical research network and the future prospective randomized 
and observational multicenter clinical trials it will conduct. 
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ABBREVIATIONS 


BCAA branched-chain amino acids 
BBB blood-brain barrier 

CDR Cognitive Drug Research 

CHE covert hepatic encephalopathy 
DST digit symbol test 

EP evoked potential 

FDA Food and Drug Administration 
GABA y-aminobutyric acid 

HE hepatic encephalopathy 

HRQOL health-related quality of life 
ICT inhibitory control test 

IL interleukin 

LOLA L-ornithine-L-aspartate 

MHE minimal hepatic encephalopathy 
OHE overt hepatic encephalopathy 
PSE portosystemic encephalopathy 
RCT randomized controlled trial 
SONIC spectrum of neurocognitive impairment in cirrhosis 
TNF tumor necrosis factor 


Introduction 


Hepatic encephalopathy (HE) is defined as “a condition which 
reflects a spectrum of neuropsychiatric abnormalities seen in 
patients with liver dysfunction after exclusion of other known 
brain disease.”’ In clinical practice the prevalence of this disorder 
ranges from 30% to 70% in patients when it is diagnosed clini- 
cally.” Several other clinical conditions, such as alcoholic brain 
damage, extrapyramidal consequences of liver disease, depression, 
and fatigue, are often diagnosed as HE given the nonspecificity 
of this clinical diagnostic pathway.’ This is a formidable chal- 
lenge in research and in clinical assessment of patients because 
there is immense subjectivity in the strategies for diagnosing HE 
clinically.’ 


Historical Background 


The relationship between HE and ammonia has been noted since 
ancient Egypt.’ The Egyptian god Amen was the source of the 


word ammonia. A temple to Amen, known as Ammona to the 
Greeks, had a cesspool consisting of camel urine, soot, and sea 
salt, which released heated vapors of ammonia believed to be the 
source of humans and all life. 

Hippocrates recognized HE and ammonia as well by describ- 
ing that “yellow bile causes patients to thrash around.” However, 
the original observation of interorgan ammonia metabolism in the 
context of HE was made by the landmark experiments of Marcel 
Nencki and Ivan Pavlov in 1893. Even the latest trend of associat- 
ing infections with impaired brain function dates as far back as 
2500 years ago and was reiterated by William Osler in 1892. 


Pathogenesis of Hepatic Encephalopathy 


There is an important role for ammonia in the pathogenesis of 
HE.° However, the lack of consistent correlation between clinical 
manifestations and ammonia levels means that other factors are 
important in the development of HE. These factors include 
inflammatory cytokines,’ benzodiazepine-like compounds,” mer- 
captans,’ and manganese” (Fig. 14-1), all of which, acting either 
alone or in combination, cause an end product of functional 
neuronal impairment and alteration of the blood-brain barrier 
(BBB). There is also an extensive list of gut-derived toxins from 
changes in the microbiota that accumulate in the body with liver 
dysfunction, many of which can enter the brain.'''” Furthermore, 
autopsy and animal studies have implicated changes in neu- 
rotransmitter systems, such as neurosteroids, monoamines, and 
opioids in the hippocampus and frontal cortex, in HE.'*'° In 
addition to ammonia, the role of cerebral hyperemia has been 
evaluated in the pathogenesis of the increase in intracranial pres- 
sure in acute liver failure, although its effect in chronic liver 
disease is not as clear.” 


Ammonia 


Sources of ammonia production derive mainly from the gastroin- 
testinal tract through bacterial metabolism of urea and proteins in 
the large intestine, through deamination of glutamine in the small 
intestine via glutaminase, and from nitrogenous food products.'® 
The kidneys make a small amount of ammonia, and ammonia- 
genesis is increased during diuretic treatment and in hypokalemic 
states. In addition, in states of sarcopenia, release of glutamine 
from muscle cells further contributes to ammoniagenesis.'® 
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e Fig. 14-1 Pathogenesis of hepatic encephalopathy. 


Under normal physiologic conditions, ammonia that is created 
enters the portal circulation and is converted to urea in the liver, 
and is subsequently cleared by the kidneys.'” However, as a result 
of cirrhosis and portosystemic shunting, the ammonia concentra- 
tion rises in the blood and ammonia crosses the BBB.” In the 
brain, astrocytes are the only cells that metabolize ammonia by 
the enzyme glutamine synthetase, converting glutamate and 
ammonia to glutamine. Glutamine is osmotically active, and thus 
an increase in glutamine concentration (due to an increase in 
ammonia concentration) leads to astrocyte swelling and edema.” 
Furthermore, glutamine enters the mitochondria and is cleaved 
by glutaminase to ammonia and glutamate, which subsequently 
increases the intracellular ammonia concentration. This increase 
in intracellular ammonia concentration causes a “feed forward 
loop,” also known as the Trojan horse hypothesis, whereby intracel- 
lular ammonia leads to production of reactive oxygen and nitro- 
gen species, causing further edema.” 

Over time, continued exposure of the brain to ammonia leads 
to physiologic disturbances. Neurally active compounds such as 
myoinositol and taurine are released from cells, of which lower 
levels of myoinositol have been associated with decompensated 
HE.” Moreover, increased ammonia levels cause abnormal cere- 
bral blood flow. Single photon emission CT studies have revealed 
altered cerebral perfusion with hyperammonemia results in redis- 
tribution of blood flow from the cortex to subcortical areas, which 
was associated with impaired performance on neuropsychiatric 
testing.” ” 


Inflammation 


Sepsis is a frequently encountered precipitating factor for HE, 
and there is evidence that there are worse outcomes and severity 
of HE in patients with marked inflammation, in those patients 
with acute liver failure, and in those with cirrhosis.”°”’ In addition 
to infection, inflammation can also result from gastrointestinal 
bleeding, obesity, and alterations in the intestinal microbiota. Pro- 
inflammatory cytokines, such as interleukin-1 (IL-1), IL-6, and 
tumor necrosis factor (TNF), work in conjunction with ammonia 
to worsen cerebral edema in HE.” Both TNF and IL-6 have been 
shown to induce changes in the morphology of astrocytes with 


increased permeability of the BBB.” Lipopolysaccharide has also 
been shown to enhance ammonia-induced changes to the BBB.”' 


Microbiota 


Alterations in the microbiota and its contribution to the develop- 
ment of HE have been well elucidated. Such alterations may be 
responsible for the formation or release of products such as 
ammonia, endotoxins, indoles, and oxindoles, which may lead to 
cognitive impairment.” There is a dysbiosis in cirrhosis (dysbiosis 
rate) whereby there is reduced levels of members of autochtho- 
nous taxa (Lachnospiraceae, Ruminococcaceae, and Clostridiales 
XIV) and increased levels of members of Enterobacteriaceae and 
Streptococcaceae with disease progression.” A lower dysbiosis rate 
has been associated with HE and higher levels of endotoxemia.” 
Endotoxemia contributes to liver damage, which activates the 
immune response and the inflammatory cascade, which as 
described already, can further exacerbate brain edema via its syn- 
ergism with ammonia.” 


Neuromodulators 


y-Aminobutyric acid (GABA) is an inhibitory neurotransmitter 
that has been implicated in the pathogenesis of HE. There is 
increased GABAergic tone in the CNS via increased sensitivity of 
the astrocyte benzodiazepine receptor that activates the GABA 
system." It has been shown that an excess of benzodiazepine-like 
compounds that contribute to HE is derived from the intestinal 
flora, vegetables in the diet, and medications.’ Ammonia may 
also bind to the GABA receptor complex on the astrocyte, which 
may trigger synthesis of neurosteroids, which are GABA ago- 
nists.” Other neurotransmitters, such as serotonin, acetylcholine, 
glutamate, and monoamines, have also been suggested to contrib- 
ute in the pathogenesis of HE. 


Manganese Deposition 


The role of manganese in HE remains unclear. Manganese is 
cleared by the liver and excreted in bile in healthy individuals. 
As expected, excretion is impaired in cirrhosis secondary to 


portosystemic shunting. This results in increased systemic levels 
of manganese and cerebral manganese deposition. In vitro studies 
suggest that manganese toxicity may cause Alzheimer type II 
astrocytosis, brain tissue that can be found in cirrhotic patients,**”” 
and altered astrocyte proteins.“ Furthermore, manganese may 
also alter glutamatergic neurotransmission,’' and increase expres- 
sion of benzodiazepine-like receptors.“ 


Spectrum and Nomenclature 
of Hepatic Encephalopathy 


The range of neurocognitive abnormalities in patients with cir- 
rhosis forms a continuous spectrum that ranges from normal to 
abnormalities only on specialized testing, known as covert HE 
(CHE), and clinical signs of HE, called overt HE (OHE).® CHE 
consists of minimal HE (MHE) and West Haven grade 1 HE.“ 
OHE is a syndrome that can be diagnosed by clinical examina- 
tion and is the familiar HE that is known to clinicians.“ These 
patients have mental status changes that are readily identifiable. 
However, there is a large percentage of patients who are normal 
by clinical examination but have significant abnormalities on 
specialized neuropsychometric or neurophysiologic tests. These 
patients have CHE. CHE used to be known as minimal HE 
or subclinical HE, a term which has now fallen out of favor.’ 
However, for the purpose of this chapter, MHE and CHE are used 
synonymously. 

The Working Group on Hepatic Encephalopathy published its 
recommendations in 2002 that delineated the major categories of 
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HE for use in clinical and research scenarios,’ and these were 
further revised with the American Association for the Study of 
Liver Disease and European Association for the Study of the Liver 
2014 guidelines.“ This nomenclature has been categorized into 
four axes on the basis of the type of underlying problem, disease 
severity, time course, and spontaneous onset or precipitating cause 
(for OHE only) (Table 14-1). For the time course, episodic HE 
is defined as one episode occurring within 6 months, whereas 
recurrent HE implies more than one episode in 6 months with 
normalization of mental status in between. Contrarily, patients 
with persistent HE always show signs and symptoms consistent 
with HE.” 

In this chapter we will be discussing type B and type C HE. 
The temporal and clinical course of persistent HE, episodic HE, 
and MHE is shown in Fig. 14-2. Given the importance and rel- 
evance of CHE and OHE, each following section is divided to 
reflect these two significant parts of the overall problem of HE. 


Spectrum of Neurocognitive 
Impairment in Cirrhosis 


There is increasing evidence that the neurocognitive impairment 
in cirrhosis spans a continuum that ranges from normal cognition 
and mentation all the way to coma.'“* This poses several interest- 
ing questions regarding the current methods of diagnosis of HE 
in the patient population. There are several lines of evidence that 
suggest a spectrum of neurocognitive impairment in cirrhosis 


(SONIC) actually exists and all that is measurable by pure clinical 


A Encephalopathy associated with acute liver failure Minimal HE Covert HE Episodic Spontaneous 
B Encephalopathy with portosystemic bypass and no intrinsic Recurrent 
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hypertension/portosystemic shunts 4 
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e Fig. 14-2 Temporal and clinical detection relationship of hepatic encephalopathy (HE) subtypes. 
(Adapted with permission from Bajaj JS. Review article: the modern management of hepatic encepha- 


lopathy. Aliment Pharmacol Ther 2010;31:537-547.) 
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scales such as the West Haven criteria is the tip of a large iceberg 
of neurocognitive dysfunction.” 

It is also useful to approach this syndrome as a continuum 
because this then avoids artificial and nonreproducible divisions 
of patients with cirrhosis into patients with normal HE, MHE/ 
CHE, or OHE. However, prospective evaluation of the SONIC 
with respect to clinically relevant outcomes is required. 


Importance of Hepatic Encephalopathy 


The importance of HE lies in its overall prevalence and its effect 
on daily life and survival. 


Overt Hepatic Encephalopathy 


The prevalence of OHE in the United States ranges from 30% to 
45% of patients with cirrhosis, with an annual incidence of 
20%.” This incidence is associated with a high rate of hospitaliza- 
tion, which has continued to rise. Associated with this high rate 
of hospitalization is the rising charge per hospitalization. The 
estimated cost of HE-related disease in the United States between 
1993 and 2003 was $932 million, which is a conservative esti- 
mate.” There is a substantial effect of OHE on the patients’ 
health-related quality of life (HRQOL), which affects patients’ 
mental and physical functioning.” 

OHE is associated with poor survival rates in patients with 
cirrhosis’ Bustamante et al.” showed that in those patients 
with the first episode of HE, the survival rate probability was 42% 
at 1 year and 23% at 3 years despite controlling for other factors 
associated with death in cirrhosis. Stewart et al.” found that 
advanced HE that required hospitalization remained a statistically 
significant predictor of mortality (hazard ratio, 2.6; 95% confi- 
dence interval, 1.7 to 3.8; p < 0.01), despite taking into account 
the Model for End-Stage Liver Disease score. Therefore, not only 
is HE an independent marker of mortality, its burden continues 
to rise in the United States. 


Covert Hepatic Encephalopathy 


‘The estimated prevalence of CHE ranges from 30% to 84% of 
the patients with cirrhosis tested worldwide.’ These estimates 
differ because of the differing populations and tests used to classify 
patients as having CHE. CHE has a wide-ranging effect on 
patients’ daily lives and their functioning as productive members 
of society. Compared with healthy controls and patients without 
CHE, CHE patients exhibit severe impairments in the psychoso- 
cial aspects of social interaction, alertness, and emotional behav- 
ior, and in the physical domains of ambulation, mobility, body 
care, and movement.” CHE also adversely affects sleep, work, 
home management, recreation, pastimes, and eating behavior.”® 
This leads to an overall reduction in all aspects of the HRQOL 
in CHE and engenders several complaints that are voiced in the 
hepatology clinic. Lastly, CHE is also a predictor of death and 
hospitalizations independently of the Model for End-Stage Liver 
Disease score.” 

Earning capacity in patients with CHE is reduced compared 
with that of cirrhotic patients who do not have CHE.” This is 
especially true for those who have blue collar jobs because the 
profile of impairment in MHE affects these professions.’ 

Driving skills are considered a balancing act among strategic, 
operational, and tactical strategies that use most skills that are 
adversely affected in CHE.” Evaluation of driving skills is sensitive 
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for patients because it could have medicolegal implications.“ It 
can be performed with a driving simulator, by on-road driving 
tests, and by actual driving outcome results. Studies performed 
by on-road driving tests in Germany and Japan have shown that 
patients with CHE are unfit to drive in 52% to 100% of cases 
when a driving instructor, who was masked as to their underlying 
psychometric function, assessed their driving.’ Wein et al.” 
showed that the instructor had to intervene to prevent an acci- 
dent 10 times more frequently in CHE patients than in cirrhotic 
patients without CHE.” Driving simulator assessment has con- 
sistently shown in several studies that CHE patients have a higher 
risk of collisions.“ Their navigation skills on the simulator 
are also impaired compared with controls and cirrhotic patients 
without CHE (i.e., they got lost more frequently while driving). 
A study of divided attention (i.e., when the patient has to perform 
two tasks at once, reminiscent of using a cell phone while driving) 
showed poor ability of CHE patients to multitask while driving.” 
Simulator studies also highlighted the difficulty with fatigue in 
patients with CHE, who had significantly more collisions during 
the second half of a 25-minute simulator task compared with the 
first half. 

Actual driving accidents and violations by patients with cirrho- 
sis were investigated with use of both anonymous and identified 
questionnaires." Patients with CHE responding to anonymous 
questionnaires had a significantly higher rate of traffic accidents 
and violations during the previous year and previous 5 years 
compared with those without CHE and those who were actively 
drinking alcohol.” A study citing data from the patients’ own 
statements and Department of Transportation records showed 
that patients with cirrhosis who had an abnormal performance 
on the inhibitory control test (ICT) had a significantly higher 
risk of traffic accidents during the previous year compared with 
those who did not have cirhossis. On prospective follow-up, 
patients in who CHE was diagnosed by the ICT and those with 
prior driving offenses were significantly likelier to have traffic 
accidents. There was no significant difference between the 
patient’s admission of accidents and the official driving record.” 
Another aspect of the driving assessment is the lack of insight 
patients with CHE have regarding their driving skills; patients 
with CHE consider themselves to be significantly better drivers 
than adult observers who were familiar with their driving skills. 
In contrast, patients without CHE and controls had personal 
driving skill assessments similar to those of their adult observers. 
Driving skills for those with CHE are therefore affected right 
from the simulator to the actual driving outcomes, and studies 
are needed to assess the effects of treatment on the skills of these 
individuals. 


Diagnosis of Hepatic Encephalopathy 


There are two levels of functional impairment in HE, both of 

which are important to diagnose”: 

1. Impairment in mental status 

2. Impairment in neuropsychological and neurophysiologic 
function 

As the concept of a SONIC, which treats HE as a continuum, 

demonstrates, there is some evidence that the process of HE is 

initially subclinical and purely in the neuropsychological domain. 

However, as liver disease progresses, it bursts onto the clinical 

realm and is diagnosable clinically.*’ Table 14-2 shows the stages 

in which neuropsychometric and neurophysiologic tests would be 

appropriate as opposed to simple clinical examination. 


UAGE Use of Testing Modalities to Divide Patients 
IGJ With Cirrhosis Into Patients With Normal, 
Covert, and Overt Hepatic Encephalopathy 


Psychometric Normal Abnormal Abnormal Not required 
testing 

Neurophysiologic Normal Abnormal Abnormal Not required 
testing 

Clinical Normal Normal Abnormal Abnormal 
examination 


CHE, Covert hepatic encephalopathy; OHE, overt hepatic encephalopathy. 


WAE West Haven Criteria for the Diagnosis of 
GJ Hepatic Encephalopathy 


0 No abnormality detected 


1 Trivial lack of awareness 
Euphoria or anxiety 
Shortened attention span 
Impairment of addition or subtraction 


2 Lethargy or apathy 
Disorientation for a time 
Obvious personality change 
Inappropriate behavior 


3 Somnolence to semistupor 
Responsive to stimuli 
Confused 
Gross disorientation 
Bizarre behavior 


4 Coma, unable to test mental state 


Diagnosis of Overt Hepatic Encephalopathy 


Pure clinical diagnostic strategies for HE are flawed because of 
their inherent subjectivity.“ The West Haven criteria, which are 
modifications of the original Parsons-Smith criteria, are the most 
recognized system for clinical classification of HE (Table 14-3).“*“ 
They divide patients into those with grade 0 HE, which is normal, 
through grade 4 HE, which is a coma (Fig. 14-3). 


Physical Examination in Patients With 
Overt Hepatic Encephalopathy 


There is considerable variation in the physical examination find- 
ings of patients with cirrhosis, and the depth of the examination 
can often reveal signs of extrapyramidal disorders or changes in 
ocular movements that are consistent with liver disease—associated 
cognitive impairment.” OHE tends to be a global process; there- 
fore a previously unknown focal motor deficit is not considered 
typical. Hyperreflexia, positive Babinski sign, and asterixis are 
neurologic signs often found in OHE.” Asterixis is defined as a 
flapping tremor associated with the disturbance in the oscillatory 
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e Fig. 14-3 Staging of hepatic encephalopathy and the means of diag- 
nosis. (Adapted with permission from Bajaj JS, Wade JB, Sanyal Au. 
Spectrum of neurocognitive impairment in cirrhosis: implications for the 
assessment of hepatic encephalopathy. Hepatology 2009;50:2014-2021.) 


networks in the brain that is seen in the tongue, and in the upper 
and lower extremities.“ Tremulousness due to alcohol abuse or 
withdrawal can be confused with asterixis, and the nonspecificity 
of asterixis, which can also be found in carbon dioxide intoxica- 
tion and uremia, should always be kept in mind.” 


Brain Imaging for the Diagnosis of 
Hepatic Encephalopathy 


Patients with OHE rarely require imaging of the head for diag- 
nosis unless there are doubts about their clinical condition. 
Imaging is advised for the diagnosis of HE only if there are atypi- 
cal features present (i.e., seizures, appearance of new focal changes) 
to exclude other diagnoses. It can also unearth consequences of 
falls in patients that can masquerade as HE.” Although a head 
CT scan can show loss of cerebral volume in HE, this is nonspe- 
cific and is often found in patients with cirrhosis without signs of 
HE as well.“ In patients who are imaged though, the predomi- 
nant finding on an MRI scan is hyperintensity of the basal ganglia 
on Tl-weighted imaging.” This finding is probably related to 
manganese deposition and is often reversible after liver transplan- 
tation. Other modalities such as magnetic resonance spectros- 
copy, PET, and functional MRI are predominantly used for 
research purposes. Magnetic resonance spectroscopy shows an 
increase in glutamine and glutamate levels, and a compensatory 
decrease in brain myo-inositol levels.” There are characteristic 
changes in blood flow and cerebral activation seen on PET and 
functional MRI that mirror the ammonia transport and assimila- 
tion in the brain.”” However, because of the expense, time, and 
nonspecificity of these imaging findings, it is unlikely that they 
will be used in clinical practice for the diagnosis of HE. 


Abdominal Imaging 


In patients with persistent HE, however, there is a role for a 
CT scan of the abdomen to evaluate the presence of collater- 
als that could sustain this condition despite adequate therapy. 
Large spontaneous portosystemic shunts were detected in 71% 
of HE patients compared with only 14% of those without HE.” 
This is important because interventional radiologic embolization 
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e Fig. 14-4 Problems with relying on clinical systems of classifying hepatic encephalopathy (HE) 
alone. (Adapted with permission from Bajaj JS, Wade JB, Sanyal AJ. Spectrum of neurocognitive impair- 
ment in cirrhosis: implications for the assessment of hepatic encephalopathy. Hepatology 2009; 


50:2014-2021.) 


techniques can obliterate these shunts and improve the control 
69 
of HE. 


Miscellaneous Imaging 


Chest imaging is a must for the evaluation of a possible chest 
infection or another possible trigger of OHE (see Management 
of Acute Overt Hepatic Encephalopathy section). 


Ammonia Levels for the Diagnosis of 
Overt Hepatic Encephalopathy 


There is considerable controversy regarding the need to obtain 
ammonia levels in the routine clinical management of HE. 
Although it is well known that ammonia metabolism abnormali- 
ties play a key role in the pathogenesis of HE, it is inaccurate to 
assume a direct correlation between ammonia levels and con- 
sciousness levels for individual patients.””* Although this is true 
in groups of several hundred patients, the same cannot be said for 
an individual patient.” Clinical experience shows that there are 
patients who are severely obtunded with HE with normal 
ammonia levels and vice versa; however, the clinical decision to 
initiate therapy should always and only be based on the clinical 
and mental status rather than the ammonia level alone. 
Complicating these assessments are the methods for drawing 
the ammonia sample, which should ideally be performed without 
a tourniquet, should be tested within 30 minutes, and should be 
kept on ice until testing.” Also the false elevation of the ammonia 
level after seizure activity adds another twist to the interpretation 
of ammonia levels. The specific situations where ammonia levels 
may help are in the rare patients with urea-cycle disorders, in the 
initial diagnosis of a patient with a coma who does not have a 
history of cirrhosis, and in predicting the development of HE.” 


Clinical Classification of Hepatic Encephalopathy 
Into Normal and Overt Hepatic Encephalopathy 


The West Haven criteria are not consistent in their application 
and have poor reproducibility, apart from the extremes of con- 
sciousness.*’ For patients in coma, the Glasgow Coma Scale has 
been used to further analyze the patient’s situation.“ The Clinical 
Hepatic Encephalopathy Staging Scale—a nine-question scale— 
and the Hepatic Encephalopathy Scoring Algorithm, a blended 
psychometric/question scale, are promising for mental status 


assessment but are currently in the process of validation.*°*' 


However, a large intermediate area of uncertainty remains between 
the extremes of normal cognition and coma that is not resolved 
by the use of pure clinical scales (Fig. 14-4). 


Diagnosis of Covert Hepatic Encephalopathy 


CHE is difficult to diagnose as it is not as clinically evident as 
OHE. However, patients with grade 1 HE may have cognitive 
complaints reported by themselves or by their caregivers. CHE 
patients have abnormalities on psychometric testing, particularly 
in areas of attention, executive functions, visuospatial coordina- 
tion, and psychomotor speed/reaction times.” Thus the major 
modes for CHE diagnosis focus on finding abnormalities by 
means of paper and pencil, computerized, or neurophysiologic 
tests, or a combination of them (Fig. 14-5). Per recent guidelines, 
the use of two tests, with one of the tests serving as a comparator, 
should be used for diagnosis.*° These include one paper an pencil 
modality and either a neurophysiologic test or a computerized 
test. 


Neuropsychological Examination and 
Psychometric Testing for the Diagnosis of 
Covert Hepatic Encephalopathy 


CHE has a specific deficit profile on psychometric testing, which 
includes predominantly attention deficits.** The attentional 
hierarchy as described by Posner*” is impaired at all levels of vigi- 
lance, orienting, and executive functions. Attention deficits also 
result in learning impairment and difficulty in working memory.” 
There is also a defect in visuomotor coordination and construction 
ability, and in the speed of mental processing.*° Underlying most 
of these deficits is the impairment of response inhibition similar 
to that in patients with attention-deficit disorder, which has led 
to the use of the ICT.” 

Neuropsychometric testing for HE concentrates on the evalu- 
ation of these specific spheres. There are several batteries for the 
diagnosis of HE that have been studied, all of which are based on 
the detection of deficits in attention and processing speed.’ 


Paper and Pencil Tests 

The portosystemic encephalopathy (PSE) syndrome test used by 
Weissenborn et al. has been validated for the diagnosis of MHE 
in Germany, Italy, and Spain.” It consists of six measures: 
number connection test A, number connection test B, line 
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e Fig. 14-5 Tests for evaluation of hepatic encephalopathy (HE) and the worsening of the findings 
with progression of hepatic encephalopathy. NC7-A, Number connection test A; PHES, psychometric 
hepatic encephalopathy score; RBANS, Repeatable Battery for Assessment of Neuropsychological Status. 
(Adapted with permission from Bajaj JS, Wade JB, Sanyal AJ. Spectrum of neurocognitive impairment in 
cirrhosis: implications for the assessment of hepatic encephalopathy. Hepatology 2009;50:2014-2021.) 


drawing test errors and time, a serial dotting test, and a digit 
symbol test (DST). Test results within the +1 SD range are scored 
as 0, between 1 SD and 2 SD are scored as —1 point, between 2 
SD and 3 SD are scored a —2 points, and beyond 3 SD are scored 
as —3 points. Results better than the mean plus 1 SD are given 1 
point; therefore +6 points to —18 points is the range of scores. 
The cutoff between normal and pathologic results was found to 
be —4 points, which resulted in a sensitivity of 96% and 100% 
specificity. This battery has also been recommended by the 
Working Group on Hepatic Encephalopathy.’ However, valida- 
tion of this in the United States has not been performed to date. 

The PSE syndrome test highlights different and complemen- 
tary aspects of cognitive dysfunction that are found in MHE. The 
DST is a test of associative learning, graphomotor speed, cogni- 
tive processing speed, visual perception, and working memory, 
whereas the serial dotting and line tracing tests evaluate motor 
speed and accuracy. Number connection test A is for deficits in 
visual scanning efficiency, sequencing, attention, and concentra- 
tion. Number connection test B analyzes attention, set shifting 
ability, psychomotor speed, visual scanning efficiency, sequencing, 
and concentration.” 

The working group also recommended that if the PSE syn- 
drome test was not available, a combination of two of the follow- 
ing four tests should be used: number connection test A, number 
connection test B, the DST, or a block design test. A convention 
for diagnosis of PSE is impairment in at least two of these tests 
that is two standard deviations below that of age- and education- 
matched healthy controls.’ 

A recent consensus statement of the thirteenth International 
Society for Hepatic Encephalopathy and Nitrogen Metabolism 
meeting recommended the use of the Repeatable Battery for 
Assessment of Neuropsychological Status or the PSE syndrome 
test.”' The former is a copyrighted set of tests consisting of five 
domains: immediate memory, delayed memory, attention, visuo- 
spatial skills, and language. This battery has been used for the 
evaluation of Alzheimer disease, schizophrenia, and traumatic 
brain injury, and in a selected population of patients with cirrhosis 


awaiting liver transplantation.” However, it has not been specifi- 
cally validated in HE.” 


Neurophysiologic Tests 


Neurophysiologic tests are usually performed under the supervi- 
sion of a neurologist and require specialized equipment, special- 
ized personnel, and much time. Their relative advantages are 
the lack of learning effects and the relative specificity of the 
results." However, the need for expensive equipment, the low 
sensitivity, and the lack of accompanying behavioral information 
are drawbacks.” These tests can run the gamut from an electro- 
encephalogram (EEG) to automated evoked potentials (EPs). The 
characteristic triphasic waves are noted on EEG only in advanced 
HE.” Techniques such as spectral EEG, mean dominant fre- 
quency, and peak power frequency of EEG have been studied but 
have demonstrated subjectivity.” In the earlier stages the mean 
dominant frequency and spectral EEG analysis can predict the 
development of OHE. However, because EEG studies only corti- 
cal activity, there is limited concordance between it and batteries 
such as the PSE syndrome test that rely on cortical and subcorti- 
cal components.” The techniques that show the most promise 
are the EPs, which gauge the latency between application of a 
stimulus and the brain’s ability to sense it. Visual, somatosensory, 
and auditory EPs are studied in HE.” Visual EPs, which require 
active patient cooperation, are insensitive to change in HE and 
therefore are useful only for early stages of HE. Abnormalities 
in somatosensory EP are seen in 48% of patients with abnor- 
mal interpeak latencies N20-N65, but there was no correlation 
with psychometric test findings in later studies.” Brain electrical 
responses in response to a visual or auditory stimulus are also 
important means of gauging HE.” An auditory P300 is when a 
patient receives an infrequent stimulus embedded in other fre- 
quent stimuli (“oddball” paradigm). The brain shows a response 
typically 300 msec after the oddball stimulus; a delay in brain 
response (i.e., after a 300-msec gap) signifies dysfunction. Audi- 
tory P300 has good diagnostic potential and can be used when 
available for evaluation of neurophysiologic function in cirrhosis. 
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Visual P300 responses, however, are not recommended because 
of their inconsistent results.” 

Critical flicker frequency is a test of retinal gliopathy (which 
occurs in patients with HE) that can be performed with a portable 
machine.“ During this test patients are asked to indicate the 
maximum frequency at which they can still perceive the light as 
flickering while the operator changes the frequency over time. A 
critical flicker frequency threshold of 38 Hz to 39 Hz has been 
shown to differentiate between manifest HE (i.e., early stages of 
OHE) and no HE; it was less sensitive in differentiating CHE 
from manifest HE. This test has been tested in Spain and India 
as well, with good results, but has not been validated for the U.S. 
population.” Encouragingly, it can be performed by clinic person- 
nel without the need for a psychologist within a short time, and 
apart from the equipment, has minor costs. 


Limitations of Currently Available Psychometric 
and Neurophysiologic Tests 


The tests previously described, both psychometric and neuro- 
physiologic, are available: however, they are copyrighted and need 
specialized personnel and equipment for administration and inter- 
pretation.“ Therefore studies have been performed for tests that 
can be applied in the clinical setting by nonspecialized personnel. 
These tests are the critical flicker frequency (neurophysiologic 
test), two computerized psychometric test systems (the Cognitive 
Drug Research [CDR] test and the ICT), and the EncephalApp 


Stroop smartphone application. 


Computerized Tests 


The CDR test consists of five psychometric subsets that test atten- 
tion power, attention continuity, speed of memory, and quality 
of episodic and working memory. This battery has been devel- 
oped by Cognitive Drug Research (Goring-on-Thames, United 
Kingdom).” These tests have 50 parallel forms and have popula- 
tion norms for the United Kingdom. A study compared the CDR 
test with the PSE syndrome test and showed CHE improvement 
after liver transplantation and worsening after a nitrogen chal- 
lenge. In that study, CHE patients were impaired in all subsets 
and there was worsening of the quality of working and episodic 
memory after a nitrogen challenge. The CDR test is available 
from the United Kingdom at an assessment cost of £30 ($46).'°° 

The ICT is a computerized test that analyzes response inhibi- 
tion, working memory, and sustained attention that has been used 
in the description of traumatic brain injury, schizophrenia, and 
attention deficit disorder.'°' The ICT consists of 1728 stimuli, 40 
lures, and 212 targets that are presented within 13 minutes after 
a training run. A higher lure and lower target rate represents worse 
psychometric performance. The ICT has been validated in the 
U.S. population with 88% sensitivity for the diagnosis of 
MHE””***!!°° The ICT also predicted the development of OHE 
and the findings changed appropriately with the clinical state of 
the patients (i.e., improved after therapy and worsened after 
shunting procedures) and they was also significantly associated 
with driving simulator performance and traffic accidents in the 
United States.’ The ICT may be appropriate for CHE testing 
at the clinic level in a U.S. population and is currently available 
for free download at http://www.hecme.ty. 

The continuous reaction time method is a 10-minute com- 
puter program test that was developed in Denmark for the diag- 
nosis of CHE.'”’ The program tests motor function in response 
to an auditory stimulus. The results are recorded graphically with 


Clinical Consequences of Chronic Liver Disease 


a distribution curve, percentiles, and the CRT index. A CRT 
index of less than 1.9 is able to discriminate between HE and 
organic brain disease with a sensitivity and specificity of 93% and 
92% respectively. The continuous reaction time method is not 
validated in other populations and requires further study. 

The EncephalApp Stroop smartphone application tests psycho- 
motor speed and cognitive alertness, with focus on the anterior 
attention system, which has been found to be sensitive for the 
detection of cognitive impairment in CHE. 0>” Here a person 
tries to correctly identify a series of symbols with different colors 
(off time) and printed words with a different color (on-time). The 
total amount of time (off-time plus on-time) to complete the task 
is measured. A cutoff of more than 190 seconds has identified 
CHE with excellent accuracy.” The EncephalApp Stroop applica- 
tion (available on iTunes for free download) is easy to use and 
accessible and the results are simple to interpret. The application 
may be ideal for centers that do not have access to formal testing 
or may be used for rapid screening to separate out patients who 
would otherwise test normal on formal testing. 

An overview of the available tests is given in Table 14-4. 


Management and Treatment of 
Hepatic Encephalopathy 


The management of HE has undergone relatively few changes for 
more than 30 years, until fairly recently when the influx of newer 
therapies rejuvenated the field with respect to therapeutic options. 
A review of current and past therapies is given in the following 
subsections, and several new products are in the pipeline. 


Goals for the Management of 
Hepatic Encephalopathy 


Because of the multifaceted presentations of patients with HE, 
the goals of treatment differ between patients with CHE, patients 
with acute OHE, and patients who have already recovered from 
an acute OHE episode (Fig. 14-6). For patients with CHE, and 
for secondary prevention of OHE, treatment is mostly in an 
outpatient setting with use of nonabsorbable disaccharides, and 
antibiotics such as rifaximin. On the basis of its severity, OHE 
can be managed in both an outpatient and an inpatient setting 
with similar agents. 
‘The goals in patients who are suspected of having CHE are to: 
1. Screen patients: 
a. Who may report or whose family may report cognitive 
disturbances 
b. Who report having poor quality of life 
c. Who drive 
2. Prevention of OHE and OHE-related hospitalizations 
3. Improvement of quality of life 
The goals in patients who have an acute OHE episode are to: 
1. Confirm the diagnosis of HE 
2. Identify and treat possible precipitating factors 
3. Reduce the duration of hospitalization 
4. Consider evaluation for liver transplantation 
The goals in outpatients who have recovered from an OHE 
episode are to: 
1. Prevent future recurrence of HE episodes 
2. Improve quality of life and maximize productivity of the 
patient 
3. Consider evaluation for liver transplantation 


TABLE 
14-4 
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Logistic Issues With Currently Available Psychometric Tests 
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Paper and Pencil Tests 


Number connection 
test A 


Number connection 
test B 


Block design test 


Digit symbol test 


Line tracing test 


Serial dotting test 


Repeatable Battery 
for Assessment of 
Neuropsychological 
Status 


Computerized Tests 
Inhibitory control test 


Cognitive Disease 
Research System 


Continuous reaction 
time test 


EncephalApp Stroop 
test 


Sternberg paradigm 
or scan test 


Psychomotor speed 


Psychomotor speed, set 
shifting, divided attention 


Visuospatial reasoning, 
praxis, psychomotor 
speed 


Psychomotor speed, 
attention 


Psychomotor speed, 
visuospatial 


Psychomotor speed 


Verbal/visual/working 
memory, visuospatial, 
language, and 
psychomotor speed 


Response inhibition, 
working memory, 
vigilance, attention 


Attention, episodic and 
working memory 


Sustained cerebral 
processing time, reaction 
time and response 
inhibition, and nerve 
inhibition 

Psychomotor speed and 
cognitive flexibility 


Working memory, vigilance, 
attention 


Neurophysiologic Tests 


EEG MDF and 
spectral index 


Visual evoked 
potentials 


Brainstem auditory 
evoked potentials 


P300 cognitive 
evoked potentials 


Critical flicker fusion 
frequency test 


Generalized brain activity 


Interval between visual 
stimulus and activity 


Response in the cortex 
after auditory click 
stimuli 


An infrequent stimulus 
embedded in irrelevant 
stimuli is studied 


Visual discrimination and 
general arousal 


Limited 
norms 


Limited 
norms 


No 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


No 


No 


No 


No 


No 


No 


Yes 


Yes 


Yes 


No 


No 


Yes 


No 


No 


No 


No 


No 


Yes 


Yes 


Yes 


Yes 


No 


30-120 sec 


1-3 min 


10-20 min 


2 min 


10 min 


1-4 min 


35 min 


15 min 


15-20 min 


10 min 


5-10 min 


10-15 min 


Different ranges 


Different ranges 


Different ranges 


Different ranges 


10 min 


Poor specificity 


More specific than number 
connection test A but not 
pathognomonic for any 
disorder 


Can be used for dementia 
testing as well 


Tends to be very sensitive and 
is an early indicator 


Outcomes are errors and time; 
tests a balance between 
speed and accuracy 


Only tests psychomotor speed 


Has been primarily studied in 
dementia and brain injury, 
current trials with HE are 
under way 


Need highly functional patients 


Familiarity with computers 
may be needed 


Requires adequate hearing 


Cannot be done in red-green 
colorblind subjects 


Can be performed in 
comatose patients 


Highly variable and poor 
overall results 


Inconsistent response with HE 
testing/prognostication 


Good diagnostic potential but 
requires patient cooperation 


Need highly functional patients 


The expense for each test depends on local availability, and the need for copyrighted test materials and computers. Upfront costs may be minimal if these tests are used often. 


EEG, Electroencephalogram; HE, hepatic encephalopathy; MDF, mean dominant frequency. 


Adapted from Bajaj JS, Wade JB, Sanyal AJ. Spectrum of neurocognitive impairment in cirrhosis: implications for the assessment of hepatic encephalopathy. Hepatology 2009;50:2014-2021. 
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Patient with 
possible overt HE 


~ 


Confirm that No HE: other 
it is HE: Yes causes of altered 
l mental status 
Search for 


precipitating factors 


E. 


Precipitating Precipitating 
factor found factor not found 


a 


Treatment e Admit to ICU for grade 23 HE 
directed to the e Specific HE therapy with 
precipitating factor lactulose or rifaximin 
e Can consider metronidazole 
or zinc 


e Fig. 14-6 Proposed algorithm for the management of an acute 
episode of hepatic encephalopathy (HE). /CU, Intensive care unit. 
(Adapted with permission from Bajaj JS. Review article: the modern man- 
agement of hepatic encephalopathy. Aliment Pharmacol Ther 2010;31: 
537-547.) 


The rest of this section will focus on the common classes of medi- 
cations used for the treatment of HE. The evidence base of each 
of these classes will be discussed in the sections entitled “Manage- 
ment of Acute Overt Encephalopathy,” Management of Covert 
Encephalopathy,” and “Secondary Prevention of Overt Hepatic 
Encephalopathy.” Other agents that have been studied for man- 
agement of HE as well as newer agents will be discussed at the 
end of the section. 


Nonabsorbable Disaccharides 


Nonabsorbable disaccharides form the backbone of HE-directed 
therapy in most situations.“ Lactulose (B-galactosidofructose) 
and lactitol (B-galactosidosorbitol) are two very common nonab- 
sorbable synthetic disaccharides that are neither cleaved nor 
absorbed in the small intestine. Both agents have been tested in 
several studies, most of which do not meet the current criteria for 
evidence-based research.'°° The mechanisms of action of these 
agents are multifactorial and do not readily lend themselves to 
study. When administered, these agents are degraded by the 
natural flora in the large intestine to short-chain organic acids, 
creating both an acidic environment and an osmotic gradient in 
the intestinal lumen.'® The acidic environment created causes 
destruction of urease-producing bacteria involved in the produc- 
tion of ammonia, and also facilitates the conversion of ammonia 
to nonabsorbable ammonium. In addition, the increased osmolal- 
ity also causes intestinal cleansing via removal of excess fecal 
nitrogen through a laxative effect.'* All of these effects decrease 
ammonia levels in the colon and portal circulation. 

Lactulose is the most used disaccharide for the treatment of 
HE. It is usually administered as an oral syrup with dosages being 
based on clinical response for a goal of two to four soft bowel 
movements a day. It has been theorized that obtaining this goal 
of defecation frequency will achieve a desired pH of below 6.'° 
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Lactulose can also be given rectally, which is preferred in those in 
whom oral administration is contraindicated. If lactulose is 
administered rectally, it is important to ensure that the patient is 
repositioned in a lateral recumbent position to optimize intestinal 
distribution. Common side effects of lactulose include flatulence, 
abdominal discomfort, and diarrhea. Lactitol (which is not avail- 
able in the United States) is a crystalline powder that is generally 
better tolerated than and as efficacious as lactulose.'® 


Antibiotics 


The role of antibiotics in HE has been investigated with both 
absorbable and poorly absorbable compounds. The poorly absorb- 
able antibiotics have the advantage of fewer adverse events and 
possible development of resistance versus those that are absorbed. 
Unlike nonabsorbable disaccharides, there is a higher degree of 
scientific validity for their use as proven by randomized controlled 
trials (RCTs). 

‘The rationale for the use of antibiotics is to prevent the produc- 
tion and absorption of gut-derived neurotoxins, such as ammonia, 
oxindole, phenols, mercaptans, and short-chain fatty acids.'"” In 
addition, antibiotics have also been shown to reduce endotoxemia 
and inflammation.” Neomycin, metronidazole, vancomycin, 
paromomycin, and rifaximin have been shown to be affective in 
short-term and long-term therapy for HE. However, most studies 
have concentrated on acute OHE or prevention of reoccurrence 
of OHE. Only rifaximin has been studied for treatment of CHE. 
The evidence for the use of antibiotics for will be discussed later. 


Neomycin 

Neomycin has activity against most gram-negative aerobes, and 
inhibits protein synthesis via binding to the 30S ribosomal unit. 
Although the mechanism of action for HE is assumed to be its 
antibiotic action, there is also evidence of villous atrophy, resulting 
in inhibition of intestinal glutaminase. The treatment dosage is 
typically 1 g four times per day for 6 days. Ototoxicity and neph- 
rotoxicity can complicate neomycin therapy.” 

Rifaximin 

Rifaximin is a nonabsorbable (<0.4%) antibiotic belonging to the 
rifamycin class. Its antibiotic action is due to the inhibition of 
chain formation in RNA synthesis. It has a broad spectrum of 
action against several aerobic and anaerobic gram-positive and 
gram-negative bacteria and does not have any interactions with 
the cytochrome P450 substrates. Enteric flora develop resistance 
to this antibiotic by a nonplasmid-mediated mechanism but the 
resistance is insufficient to prevent antibacterial action by the high 
levels of rifaximin in the gut. It is currently Food and Drug 
Administration (FDA) approved for use in preventing reoccur- 
rence of OHE. The most common side effects reported include 
flatulence, abdominal pain, headaches, and constipation. Dosing 
in the United States is in 200-mg and 550-mg tablets, of which 
550 mg twice per day is the recommended dosage for HE. 


Metronidazole, Vancomycin, and Paromomycin 


Metronidazole has activity against anaerobic bacteria, amoebas, 
and parasites. Its mechanism of action is through disruption of 
DNA via inhibition of nucleic acid synthesis. Metronidazole was 
first used in HE as a result of a study by Morgan et al.'” The small 
sample size in their trial does not lend itself to widespread use of 
metronidazole, although in certain centers metronidazole remains 
the drug to use after failure of lactulose. The recommended oral 


dosage of metronidazole for long-term use is 250 mg twice daily. 
Metronidazole can result in CNS toxicity and irreversible periph- 
eral neuropathy with long-term use, which has again detracted 
from its use. 

Vancomycin has activity mostly against gram-positive bacteria, 
with a mechanism of action of inhibition of cell wall and RNA 
synthesis. It was earlier used as third-line therapy for HE but 
reports of vancomycin-resistant enterococci and the expense have 
again made it an unpopular choice for management of HE.'”” 

Paromomycin is another nonabsorbable antibiotic currently 
approved for therapy of intestinal amebiasis. It binds to the bacte- 
rial 30S subunit, causing inhibition of protein synthesis. Paromo- 
mycin has been compared with rifaximin in three prospective 
open-label studies.''*"'' These studies enrolled approximately 20 
to 32 participants with a duration of between 5 days and 15 days. 
The dosage of rifaximin was 1200 mg/day, whereas 1500 mg of 
paromomycin per day was used. Both groups demonstrated a trend 
toward lowered ammonia levels, and Testa et al.''* showed a higher 
improvement in number connection test A results with rifaximin, 
but there was no overall statistically significant difference. 


Probiotics 


Probiotics are live microbiologic dietary supplements that alter 
the intestinal balance of the microflora of the gut. Prebiotics are 
nondigestable food ingredients that selectively stimulate the 
growth of bacteria in the colon. The combination of prebiotics 
and probiotics is called synbiotics. The mechanism of action of 
probiotics in HE is thought to be the deprivation of substrates 
for potentially pathogenic bacteria and providing a healthy envi- 
ronment for beneficial bacteria. At this time, however, neither the 
mechanism nor the optimum probiotic organism has been identi- 
fied. Adding to the problem is the lack of standardization of these 
agents because in the United States they do not fall under the 
purview of the FDA. 


Management of Acute Overt 
Hepatic Encephalopathy 


On the basis of the goals given earlier, the overall therapeutic 

focus of an OHE episode should broadly progress on two fronts 

concurrently”: 

1. Confirmation of the diagnosis of HE 

2. Search for potential precipitating factors and therapy for those 
factors 

Complicating these situations are those in which the precipitating 

factor (e.g., sepsis) can also mimic HE, including development of 

septic encephalopathy. Therefore the management of HE should 

be both aggressive and insightful. 
It is also useful to devolve the management strategies of the 

episode into the following series of questions: 

1. Is this HE or is there another reason for the altered mental 
status? 

2. Are there any obvious precipitating factors? 

3. Does the patient require hospital admission? 

4. If hospitalized, should the patient be admitted to the medical 

unit or the intensive care unit? 

. Does the patient need intubation? 

. Should the lactulose be administered orally or by enema? 

7. When should therapies other than lactulose therapy be 
considered? 

8. How often should the ammonia levels be checked, if at all? 


WNW 
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wWA-j83 Differential Diagnosis of Altered Mental 
name Status in Cirrhosis 


Intracranial hematomas Encephalitis 
Thyroid dysfunction Severe sepsis 
Acidosis Uremia 

Drug intoxication Hypoxia 
Hypoglycemia Hypercapnia 
Hyperglycemia 


WAJE Precipitating Factors Associated With 
aE Hepatic Encephalopathy 


Hyponatremia Diarrhea 

Gastrointestinal bleeding Sedative drugs (including narcotics, 
Infection sleep aids, antihistaminics) 
Surgery Alkalosis 

Dehydration Azotemia 

Fluid restriction Hypokalemia 

Diuretics Excessive protein intake 

Excessive paracentesis Constipation 

Vomiting 


After it has been confirmed that the patient has HE and while the 
search for a precipitating factor is ongoing, patients should be 
assessed for consciousness, orientation, and ability to protect the 
airway (Tables 14-5 through 14-7). Patients who exhibit grade 3 
or higher HE according to the West Haven criteria should be 
transferred to the intensive care unit or a step-down unit because 
by definition they are at risk from an airway standpoint. Patients 
with grade 2 HE (ie., disorientation) should be admitted to the 
hospital in most cases so that potential serious precipitating factors 
can be evaluated. There should be a low threshold for airway 
intubation in patients in the intensive care unit, especially those 
with gastrointestinal bleeding. A thorough evaluation for infec- 
tions, including diagnostic paracentesis, culturing of urine and 
blood, chest X-ray, and skin examination for possible cellulitis, 
should be done. Patients with diarrhea could also benefit from 
stool analysis for Clostridium difficile. There is currently no role 
for prophylactic antibiotics in patients admitted with HE unless 
there is evidence of gastrointestinal bleeding or sepsis. Metabolic 
abnormalities should be corrected as noticed, and hydration 
should be gentle to prevent pulmonary fluid overload. A review 
of the patient’s mental status should be performed at least three 
times especially in patients who are admitted to the medical unit. 
The mainstay of the diagnosis in an acute episode of HE is 
essentially the exclusion of other known causes of cerebral dys- 
function. As mentioned earlier, the diagnostic criteria are combi- 
nations of historical, clinical, and examination-based clues with 
assistance from laboratory and, rarely, imaging modalities. 


Nonabsorbable Disaccharides 

The studies of lactulose and lactitol in HE have been poorly 
powered and therefore do not lend themselves to interpretation 
given the multitudes of patients who actually have this complica- 
tion’” (Table 14-8). Ahls-Nielsen et al." questioned the overall 
validity of all poorly absorbed disaccharides as a standard of care 
for HE in a systematic review. In the only placebo-controlled trials 
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TABLE 
YE Treatment Summary 


First Line 


Lactulose or Lactitol 

Episode of HE (grade 2 or higher)—enemas: 300 mL in 1000 mL every 
2 hr until there is clinical improvement 

Episode of HE (able to tolerate oral administration)—oral: 45 mL every 
hour until there is bowel movement and clinical improvement 

Outpatient therapy: 15-45 mL tid or bid until there are two to three 
bowel movements per day 


Second Line 


Rifaximin (Level I) 

Outpatient therapy/episode of HE—oral: 400-550 mg orally bid 

Neomycin (level Ill) 

Episode of HE—oral: 1 g every 6 hours for up to 6 days 

Outpatient therapy—oral: 1-2 g/day 

Metronidazole (level III) 

Outpatient therapy—oral: 250 mg bid 

Third Line 

Sodium Benzoate (Level II-III) 

Outpatient therapy—oral: titrate up to clinical improvement or a 
maximum dosage of 5 g bid 

Elemental zinc from zinc gluconate, zinc sulfate, and zinc acetate (level 
II-Ill) 

Outpatient therapy—oral: 11 mg in men and 8 mg in women every 
day 

Bromocriptine (Level Ill) 

Outpatient therapy—oral: 30 mg bid 


Fourth Line 


Outpatient therapy—surgical obliteration of large spontaneous 
portosystemic anatomoses, splenic artery embolization, or total 
colectomy 


bid, Twice daily; HE, hepatic encephalopathy; tid, three dimes daily. 


wv-\=}8=3 Randomized Controlled Trials of Lactulose 
Versus Placebo for Overt Hepatic 
Encephalopathy 


Elkington 7 Sorbitol Crossover no difference in efficacy 
Simmons™ 26 Glucose 10/14 vs. 7/12 

Rodgers“ 6 Sorbitol Crossover no difference in efficacy 
Germain? 18 Saccharose 5/9 vs. 6/9 


of lactulose in the treatment of HE, there was no statistical supe- 
riority of lactulose over the placebo. Although larger RCTs com- 
paring lactulose with neomycin (usually with added sorbitol) have 
shown an equivalence, they are not powered to demonstrate this 
from a statistical standpoint. The call for placebo-controlled trials 
to clarify the efficacy of lactulose (or lactitol) in the treatment of 
OHE awaits the resolution of the ethical constraints in perform- 
ing such trials. At this stage there is insufficient evidence that 
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lactulose is efficacious for the treatment of OHE episodes; 
however, there is preponderance of anecdotal experience and 
comfort in the use of lactulose, which accounts for the lack of 
placebo-controlled trials in OHE. Thus even with the paucity of 
data, nonabsorbable disaccharides should be considered as first- 
line therapy for OHE. 


Antibiotics 

Neomycin 

There is currently insufficient evidence that neomycin is better 
than a placebo for the treatment of OHE; however, it is FDA 
approved for the treatment of OHE episodes. Studies by Conn 
et al.“ and Strauss et al." showed conflicting findings in rela- 
tively small sample sizes. Given its prominent side-effect profile 
and lack of demonstrable clinical benefit, neomycin has fallen out 
of favor for the treatment of OHE. 


Rifaximin 

A number of studies have been performed comparing rifaximin 
with either other antibiotics or lactulose/lactitol in the treatment 
of the OHE (Table 14-9). Prior study data indicate equivalence 
between rifaximin and neomycin or lactulose or lactitol. However, 
with a small number of participants, these conclusions may not 
be statistically meaningful.'’”''’ One study compared rifaximin 
with lactitol in more than 102 patients and confirmed the efficacy 
of rifaximin reported in earlier studies.’ This is further supported 
by a recent a RCT by Sharma et al., where 120 patients were 
randomized to receive lactulose plus rifaximin versus lactulose 
alone versus placebo for the treatment of OHE. They found that 
lactulose plus rifaximin was superior to lactulose alone and placebo 
with respect to faster resolution of symptoms, shorter hospital 
stay, and mortality. Further replicated RCTs are needed to fully 
solidify the role of rifaximin in the treatment of OHE. 


Probiotics 


Probiotic therapy has opened another vista of options in OHE. 
Treatment studies using probiotics suffer from the same draw- 
backs as those using other agents such as small participant numbers 
and inadequate duration, in addition to different probiotics used. 
However, there are encouraging reports by Loguercio et al.,!*!"'”* 
who demonstrated a reduction in ammonia levels and mental 
status using Enterococcus faecium, which was similar to what was 
achieved with lactulose. However, in a meta-analysis of seven 
CHE/OHE trials there were no reported differences between 
probiotics and lactulose with respect to reduction in ammonia 
levels and mental status improvement.” The analysis did show a 
benefit for probiotics in HRQOL, all-cause mortality, and number 
of adverse events when compared with no treatment. 


Management of Covert Hepatic Encephalopathy 


As mentioned earlier, the goals of therapy for CHE include the 
prevention of OHE and OHE-related hospitalizations, improve- 
ment of HRQOL, prevention of liver-related and liver-unrelated 
hospitalization, and reduction of all-cause mortality.” This can 
be achieved with a test and treat approach. Current options for 
treatment include nonabsorbable disaccharides, antibiotics (i.e., 
rifaximin), and recently probiotics. It is important to note that 
most studies in CHE had end points such as improvement in 
HRQOL and performance on cognitive testing and not hard 
clinical outcomes data such as hospitalizations, OHE prevention, 
or death. 
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iWN=j8=) Randomized Controlled Trials of Nonabsorbable Disaccharide Versus Antibiotics for Overt 
Hepatic Encephalopathy 


Conn“ 33 Lactulose/placebo Neomycin/sorbitol 15/18 vs. 13/15 
Atterbury 47 Lactulose/placebo Neomycin/sorbitol 19/23 vs. 20/24 
Orlandi? 190 Lactulose Neomycin/MgSO, 28/91 vs. 34/82 
Russo” 15 Lactulose Ribostamycin 7/8 vs. 5/7 
Blanc?” 60 Lactitol Vancomycin 20/29 vs. 21/31 
Bucci''® 58 Lactulose/placebo Rifaximin/sorbitol Equivalent results 
Fera? 40 Lactulose/placebo Rifaximin/placebo 16/20 vs. 20/20 
Festi??? 21 Lactulose Rifaximin Equivalent results 
Massa" 40 Lactulose/placebo Rifaximin/sorbitol 18/20 vs. 20/20 
Song?" 64 Lactitol Rifaximin 18/25 vs. 31/39 
Longuerico*"' 2m Lactulose/placebo Rifaximin/placebo 2/13 vs. 8/14 
Mas''° 103 Lactulose/placebo Rifaximin/placebo 41/53 vs. 40/50 


WANEJ Randomized Controlled Trials of Lactulose 
GaL Versus No Treatment for Covert Hepatic 
Encephalopathy 


Watanabe”? 36 


No treatment 10/22 vs. 3/14* 


le 86 Notreatment 26/48 vs. 11/38* 
Dhiman?"* 26 Notreatment 8/14 vs. 0/12* 
Prasad” 61 Notreatment Performance on a number of 


psychometric tests improved 
in the lactulose group 


Performance on a number of 
psychometric tests improved 
in the lactulose group 


Horsman”? 14 No treatment 


*Lactulose significantly better than no treatment. 


Nonabsorbable Disaccharides 


A handful of trials have compared lactulose or lactitol with placebo 
in the treatment of CHE (Table 14-10). Results from these trials 
have shown that treatment with lactulose or lactitol improved 
psychometric and neurophysiologic variables but did not show 
any reduction in mortality. In a recent meta-analysis of nine RCTs 
comparing lactulose with placebo or with no intervention, lactu- 
lose therapy was found to significantly reduce the risk of no 
improvement in performance on neuropsychological tests, pre- 
vention of progression to OHE, and improvement of HRQOL. 
Furthermore, lactulose therapy has also been found to be effective 
for primary prevention of OHE in the setting of acute variceal 
bleed.” However, larger, blinded studies are needed to better 
analyze its role in this setting and for CHE. 


Antibiotics 


From the aforementioned antibiotics, rifaximin is one of the 
few antibiotics that has been tested in patients with CHE. The 
RIME trial randomized 94 patients to receive either rifaximin 
or placebo for 8 weeks.” At the end of treatment, significantly 
more patients in the rifaximin group showed reversal of CHE, 
improvement in performance on neuropsychometric on neuro- 
psychometric tests, and improvement in HRQOL. In a study 
by Bajaj et al., rifaximin not only improved cognition but also 
significantly bettered driving simulator performance and reduced 
systemic inflammation, but resulted in improvement in only psy- 
chosocial aspects of HRQOL. Furthermore, rifaximin has also 
been studied for primary prevention of OHE in the setting of 
acute variceal bleed.'** Patients were randomized to receive lactu- 
lose or rifaximin for 5 days at the time of presentation, and 
no difference was found in mortality or development of OHE, 
although rifaximin was better tolerated. As for lactulose, larger 
RCTs are needed to elucidate rifaximin’s role in this setting and 
for the treatment of CHE. 


Probiotics 


There have been numerous studies in CHE with probiotics and 
synbiotics. These have shown improvement in performance on 
psychometric/neurophysiologic tests as well as improvement in 
the overall Child status.'” A small study of probiotic yogurt 
showed a statistically significant improvement in psychometric 
performance in patients randomized to receive yogurt compared 
with those who were randomized to not receive yogurt.'”’ This 
was further supported by a meta-analysis which showed probiotics 
significantly reduced the risk of no relief of CHE."*! Furthermore, 
an open label trial by Lunia et al.'°* showed that 3 months’ use 
of probiotics was effective in preventing the first occurrence of 
OHE and improving cognitive function. VSL#3 and Lactobacillus 
rhamnosus GG probiotic have resulted in relief of CHE and 
reduced levels of endotoxemia, TNF-@, and dysbiosis. °>! 
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Secondary Prevention of Overt 
Hepatic Encephalopathy 


There have been very few data on the use of nonabsorbable disac- 
charides for secondary prevention of OHE. In a randomized, 
unblinded, placebo-controlled trial by Sharma et al.,'” lactulose 
prevented a recurrent episode of HE.” In a study outside clinical 
trials, however, nonadherence with lactulose therapy can lead to 
recurrent HE episodes, thus perhaps indicating a role of lactulose 
in secondary prevention.'”° 

Rifaximin has a definite role in secondary prevention of OHE. 
In a large multicenter RCT by Bass et al., 299 patients were 
enrolled and randomized to receive rifaximin or placebo for 6 
months, among whom the patients who received rifaximin for 6 
months had highly statistically significant protection against clini- 
cal HE breakthrough episodes (58% risk reduction, p < 0.0001) 
compared with a placebo, although it is important to note that 
more than 90% of the study patients were treated with lactulose 
continually throughout the trial. In a follow-up long-term open- 
label study, rifaximin was found to provide continued reduction 
in the rate of HE-related hospitalizations, without an increased 
rate of adverse events.” This was further validated by Bajaj 
et al.” in a placebo crossover subanalysis. Moreover, a meta- 
analysis also concluded that rifaximin had a beneficial effect on 
secondary prevention of OHE, increased the proportion of recov- 
ery of HE, and reduced mortality. ° 

Studies have also shown probiotics may have a beneficial effect 
for secondary prevention. In an open-label trial by Agrawal 
et al.,'“! VSL#3 was found to have a beneficial effect for secondary 
prevention of OHE similar to that of lactulose.'*! This was further 
validated in a double-blind RCT where VSL#3 was found to cause 
a significant reduction of the number of OHE episodes and hos- 
pitalizations.'“’ It was noted that those participants receiving 
VSL#3 had reduction of cirrhosis severity. Even with promising 
results, the use of probiotics for secondary prevention still needs 
further validation in terms of the optimal length of therapy and 
which species are effective. 


Other Therapies 


L-Ornithine-L-Aspartate 

L-Ornithine-L-aspartate (LOLA) promotes hepatic ureagenesis 
and glutamine synthetase activity, as well glutamine synthesis and 
possibly protein anabolism in skeletal muscle.“ LOLA has been 
studied extensively in the management of CHE,'“*”’ and results 
have shown that it to be superior to placebo through improvement 
in performance on cognitive tests, ammonia levels, and HRQOL. 
Its efficacy in OHE, however, is limited. In a study of 120 patients 
randomized to receive LOLA or placebo,'** patients with HE of 
grade 2 or above showed improvement in mental status in the 
LOLA group versus the placebo group (79% and 55% respec- 
tively) and had decreased length of hospital stay. The drug has not 
officially been released for treatment of HE in any country, which 
is unfortunate given the findings in the above-mentioned studies. 
There may be a risk of development of hyperammonemia follow- 
ing withdrawal of LOLA. 


Sodium Benzoate 

‘The prevalent therapy for urea-cycle disorders involves the fixation 
of ammonia using sodium benzoate to form hippurate, and has 
been explored for the treatment of HE.” As is the case with several 
HE trials, the only published RCT compared sodium benzoate 
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with lactulose in OHE, and judged them to be equivalent in 
efficacy without the numbers to prove equivalency by today’s 
standards.“ Although its low cost and availability in oral and 
parenteral form suggests that sodium benzoate should be studied 
further, it has an unpleasant taste and its sodium content is a 
concern in patients with cirrhosis. Currently, it is only commer- 
cially available, and the usual dosage is 5 g orally twice daily as a 
second-line drug. Newer options combining LOLA and phenyl- 
acetate include L-ornithine phenylacetate, which has undergone 
animal studies.” Human studies are currently under way to 
discern its efficacy.'*! 


L-Orthinine Phenylacetate and Glycerol Phenylbutyrate 
L-Ornithine phenylacetate is a drug that stimulates glutamine 
synthesis in the liver and muscle via ornithine, which is then 
removed through the conjugation with phenylacetate.'” It has 
been shown to be safe and well tolerated, and reduced ammonia 
levels in cirrhotic patients presenting with a gastrointestinal 
bleed.’”’ In addition, glycerol phenylbutyrate, a compound that 
acts by scavenging glutamine, has shown promise for secondary 
prevention of OHE as well as lowering ammonia levels.’ Further 
trials are under way for both agents in the management of HE, 
particularly for OHE. 


Flumazenil 

The basis for the use of flumazenil was relief of HE in animal 
models, which indicated that the accumulation of endogenous 
benzodiazepines might predispose to development of HE in those 
models.'” This hypothesis was later supported by studies in 
several drug-free patients with cirrhosis.'"”'”’ Several studies have 
been performed with flumazenil, most of which have demon- 
strated relief of OHE rather than MHE.’*'”? However, this has 
not translated into widespread use because of several issues: lack 
of a long-acting oral preparation, only modest improvements in 
some patients (which is attributed to external benzodiazepine 
use), and the propensity to cause seizures (Table 14-11). 


Branched-Chain Amino Acid-Enriched Formulations 

The parenteral and enteral forms of branched-chain amino acid 
(BCAA) therapy have both been studied in great detail, 16%161162163 
Although the enteral form has some support from trials, the 
results of these trials can be summarized by our stating that the 
parenteral form of therapy has never been validated as a therapy 
for HE. In contrast, the enteral form of BCAA supplements has 
some reasonable evidence in its favor." Whether the gains in 
preventing HE occurrences are worth the cost is debatable. As 
mentioned earlier, vegetable protein—based diets are now used for 
patients with dietary intolerance to a typical American diet. The 
evidence in favor of this approach is not strong either. The exten- 
sive systematic review by Ahls-Nielsen et al. summarizes the 
experience with this approach in detail. 


Dopaminergic Agents 

Because there are several patients with cirrhosis who have demon- 
strable extrapyramidal signs, this approach may be important to 
treat patients with HE.'°° A systematic review showed a very 
limited role for dopaminergic agents in the management of HE. ey 
L-Dopa and bromocriptine, the dopaminergic agents used in these 
trials, may have a role to play in the management of the apparently 
newly discovered cirrhotic patient with extrapyramidal symptoms 
and no overt signs of HE.'**'® However, the data available do 
not preclude some benefit from this form of treatment. 


Ww\=)8-3 Randomized Controlled Trials of Flumazenil 
Versus Placebo for Overt and Covert Hepatic 
Encephalopathy 


Overt 

Pomier-Layrargues’'° 21 Crossover 5/11 vs. 0/11* 
Cadranel*”” 18 Crossover 6/10 vs. 0/8* 

Gyr?" 49 Parallel 7/28 vs. 0/21* 
Barbaro” 527 Crossover 66/265 vs. 9/262* 
Znue 25 Parallel 3/13 vs. 0/12* 
Lacetti” 21 Parallel 5/11 vs. 0/10 
Covert 

Kapczinski?””? 20 Crossover No significant effect 
Gooday””? 10 Crossover Flumazenil superior 
Amodio” 13 Crossover No effect 

Dursun?” 40 Parallel 8/20 vs. 0/20* 


Flumazenil superior 
(? all patients had 
minimal HE) 


*Superior to placebo. 
HE, Hepatic encephalopathy. 


Zinc Repletion 


Although prior studies showed positive results, there are no 
current recommendations for the supplementation of zinc in the 
therapy for HE.''7''” The current role of zinc repletion is 
limited to supplementation in patients who are zinc deficient and 
who are resistant to therapy.” 


Disaccharidase Inhibitors 

Another intriguing application of the gut milieu in the therapy 
for HE is the use of disaccharidase inhibitors, such as acarbose, 
which result in carbohydrate malabsorption and probably simu- 
late the effect of lactulose. Two trials have been conducted that 
have demonstrated efficacy. "4'7 These were outpatient trials fea- 
turing patients with mild HE, but improvements were fairly well 
documented. Gentile et al.'”* exclusively enrolled diabetic patients 
with HE and, not surprisingly, also demonstrated an improved 
glycemic control. The strengths of these trials are the well docu- 
mented end points and a placebo-controlled arm. However, acar- 
bose can result in diarrhea, and its use is contraindicated in 
cirrhosis according to its patient information sheet. 


Albumin 


Albumin infusion has been used for the treatment of OHE, 
specifically diuretic-induced OHE. In addition to volume expan- 
sion, albumin has antiinflammatory, detoxifying, and immune- 
modulating properties.” In a small trial of 15 patients with 
diuretic-induced OHE, those receiving albumin were found to 
have lower levels of ammonia and faster resolution of OHE at 24 
hours.'’* However, in a subsequent trial of 56 patients, albumin 
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WAE Newer Therapies for Hepatic Encephalopathy 
kari (as Listed at https://clinicaltrials.gov/ and 
in the Latest Abstracts) 


AST-120 Adsorbent taken Phase Ill for mild HE 
orally not supportive for 
further 
development 
L-Carnitine Stimulation of the Studies in CHE and 
urea cycle OHE 
L-Ornithine phenylacetate Stimulates fixation Human studies under 
and excretion way 
of ammonia 
Nitazoxanide Gut-specific Small-scale study in 
antibiotic CHE 
Transdermally Anticholinesterase Small-scale study in 
administered CHE 
rivastigmine 


Glycerol phenylbutyrate Ammonia fixation Phase Il complete. No 


further analysis 


Exercise training Improvement of CHE trial under way 


cognition 
Probiotics: Lactobacillus Multiple OHE trial completed 
rhamnosus GG (CHE); mechanisms and CHE trial is 


Probiotics Bio-K+ 
(OHE) 


under way 


CHE, Covert hepatic encephalopathy; HE, hepatic encephalopathy; OHE, overt hepatic 
encephalopathy. 


infusion did not result in faster resolution of HE, but did show a 
mortality benefit in the albumin-treated group.” 


Newer Agents 
Newer agents being investigated in HE are briefly described in 


Table 14-12. 


Hepatic Encephalopathy Resistant to 
Therapy or Persistent Hepatic 
Encephalopathy 


Persistent HE is fortunately relatively rare (Table 14-13). Arous- 
ing patients is usually not difficult, but it may be difficult to keep 
patients from again slipping into a state of altered mental status. 

The usual precipitants of HE resistant to therapy are inadver- 
tent dehydration and untreated/undiscovered sepsis. The former 
has already been mentioned and is a particular problem in patients 
with advanced liver disease and may be worsened by increased use 
of lactulose. Hyponatremia and hypernatremia can independently 
lead to resistant HE and may require slow correction. Untreated 
sepsis or undiagnosed sepsis (i.e., an intraabdominal abscess) can 
result in HE resistant to therapy and should be vigorously sought 
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WA: Prevalent Reasons for Hepatic Encephalopathy 
ina Resistant to Treatment 


End-stage liver disease only; still should be able to rouse 
Excessive purgation leading to dehydration/free water loss 
Failure to identify and treat sepsis 

lleus, especially in association with azotemia (may need dialysis) 
Long-acting sedative drug intake 

Undiagnosed concomitant CNS problem (e.g., hypothyroidism) 
Too-effective portosystemic shunt procedure 

Profound zinc deficiency 


in all patients with severe HE who do not arouse after 3 days to 
4 days of treatment. 

An additional vexing situation may be the combination of 
renal failure and ileus, together with severe spontaneous bacterial 
peritonitis or septicemia. In this situation an aggressive approach 
to infection control and enemas for HE can be administered. 
Hemofiltration may be needed to control the situation until 
there is resumption of bowel function. Occasionally, long-lasting 
metabolites of sedative drugs or sleep aids can lead to prolonged 
HE. Concomitant endocrinologic issues such as hypoadrenalism 
and hypothyroidism can appear as untreated HE and should 
definitely be considered. Sustained HE after the placement of a 
portosystemic shunt can be relieved by measures that reduce the 
shunt size or flow as mentioned earlier. Finally, a severe loss or 
deficiency of zinc can result in resistant HE.'*° 


Liver Support Systems 


The ideal liver support system is lacking but significant advances 
have been made in this field. The initial trials using these machines 
were promising but were mostly uncontrolled trials. Subsequently, 
most of the initial enthusiasm waned with the RCT results. >81 
However, the molecular absorbent recirculating system (MARS) 
has emerged as a modality for patients with acute-on-chronic liver 
failure with HE. Heeman et al.'*° reported an apparent benefit 
using this device in patients with acute or chronic liver failure; 
their study was terminated prematurely because the MARS- 
treated group were doing “too well.” Subsequently a large, multi- 
center trial of MARS in the United States has also demonstrated 
benefit of MARS in patients with grade 3/4 HE when compared 
with standard medical therapy. This study showed a significantly 
faster improvement in mental status in the group randomized to 


receive treatment by MARS compared with the standard therapy 
187 


group. 


Closure of Portosystemic Shunts 


The vexing issue of persistent and/or recurrent HE in the absence 
of other precipitating factors could be due to the presence of large 
portosystemic shunts.'**'*’ Specifically in this population, the 
problem of HE is out of proportion to the synthetic failure of the 
liver. In this situation it is prudent to image the abdomen to 
evaluate these shunts. It is possible to embolize or surgically alter 
these shunts to relieve the recurrent or persistent HE episodes, 
but it is always beneficial to consult the transplant surgeon and 
keep him or her as part of the team to prevent technical issues in 
a future transplant operation.'””'”' To date, two large retrospective 
studies’””'”? have shown HE relief with embolization with a 
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WAJE Issues of Liver Transplantation and Hepatic 
Gaci Encephalopathy 


HE is not included in the MELD score 

No priority is given to patients with severe recurrent or resistant HE 

Older data on the failure of HE to predict survival in advanced liver 
disease patients may have occurred because of overstaging of HE 
to improve priority listing 

New association of the independent predictive power of HE on survival 
may be more valid in the MELD era. However, HE status needs to 
be reported more exactly 

How much HE is too much HE before transplant? 


HE, Hepatic encephalopathy; MELD, Model for End-Stage Liver Disease. 


relatively good safety profile, although it is important to note that 
most of these patients who underwent embolization had relatively 
low Model for End-Stage Liver Disease scores (score average of 
11). These manipulations, such as reduction of preexisting tran- 
shepatic stent diameters or closure of large collateral vessels, can 
dramatically improve the clinical course of HE.'°*!” 


Nutrition 


The dictum for nutritional management in HE was to restrict 
dietary protein intake given the alterations in ammonia load in 
this population. The studies that first noted the role of protein 
loading and HE precipitation were in the 1950s and were aimed 
not at answering this question specifically but at evaluating the 
efficacy of specific agents for HE therapy. Accordingly, in many 
trials a standard 40 g/day protein intake was adopted in addition 
to whatever therapies were being investigated for efficacy in the 
treatment of HE.'” 

Although protein restriction seems intuitively beneficial given 
the difficulty in converting nitrogenous substances into urea in 
these patients, the catabolic nature of cirrhosis needs to be under- 
lined.” Dietary protein restriction below the maintenance level 
(e.g., 0.8 g/kg/day) may lead to lean body mass catabolism and 
ultimately increase the nitrogen load to the systemic circulation. 

An investigation into the role of dietary protein restriction 
in resolution of OHE episodes did not reveal any significant 
difference in the protein-restricted versus normal protein diet 
group.” A subsequent study'”® again did not find any role of 
protein restriction in the prevention of OHE recurrence, although 
the study was terminated prematurely because of sample size 
problems. 

Thus the current recommendations per the International 
Society for Hepatic Encephalopathy and Nitrogen Metabolism 
are for HE patients to have protein intake of 1.2 g/kg ideal body 
weight to 1.5 g/kg ideal body weight.” In addition, it is also 
recommended for HE patients to consume 35 kcal/kg ideal body 
weight to 40 kcal/kg ideal body weight by eating smalls meals that 
are evenly distributed throughout the day as well as to have a 
late-night snack of complex carbohydrate to help minimize 
protein utilization. 


Liver Transplantation 


Although it is not commonly the primary indication for liver 
transplantation, HE is generally relieved by a successful graft. 
Table 14-14 lists some of the current issues regarding HE and 


liver transplant. Rather than reiterate these points in detail, the 
issue that will be discussed is the timing of referral for transplant 
assessment in patients with drug and alcohol abuse problems. 
Successful completion of a rehabilitation program to qualify for 
liver transplantation requires well-preserved cognitive skills, which 
may be limited because of HE. Recent evidence shows that 
patients with severe and multiple episodes of HE have worsened 
cognitive skills, therefore adding more impetus to listing these 
patients earlier.'”° Tragically, we see too many patients with drug 
problems referred when they already have difficult-to-control HE. 
At present, recurrent or persistent HE does not give patients 
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priority for liver transplantation. However, more research needs 
to be performed to resolve these issues. 

Ultimately, liver failure has to be addressed as a long-lasting 
approach to the correction of HE, and the therapeutic and diag- 
nostic criteria should always prepare the patient for possible trans- 
plant evaluation. 
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ABBREVIATIONS 


AFB acid-fast bacilli 

COX-2 cyclooxygenase-2 

CT computed tomography 

FHVP free hepatic vein pressure 

HVPG hepatic venous pressure gradient 

IV intravenous 

LVP large-volume paracentesis 

MELD Model for End-Stage Liver Disease 

NO nitric oxide 

PCD postparacentesis circulatory dysfunction 
PRA plasma renin activity 

PTFE polytetrafluoroethylene 

PVS peritoneovenous shunt 

RAAS renin-angiotensin-aldosterone system 
RCT randomized controlled trial 

SAAG serum-ascites albumin gradient 

SBP spontaneous bacterial peritonitis 

TIPS transjugular intrahepatic portosystemic shunt 
WHVP wedged hepatic vein pressure 


Introduction 


Ascites is the pathologic accumulation of fluid in the peritoneal 
cavity, and its most common cause is cirrhosis. That fluid accu- 
mulates in the abdominal cavity has been known since ancient 
times, and it was Hippocrates who recognized that ascites (from 
the Greek askos, meaning a leather bag used to carry wine, water, 
or oil) derived from a diseased liver carried a grim prognosis.’ The 
development of ascites is one of the complications of cirrhosis that 
marks the transition from compensated to decompensated cir- 
thosis.” Other complications that mark this transition are variceal 
hemorrhage, hepatic encephalopathy, and jaundice; however, 
ascites is the most common first decompensating event in patients 
with cirrhosis,’ and the one that carries the highest mortality.’ 


Epidemiology 


Ascites is present in 20% to 60% of patients with cirrhosis at the 
time of diagnosis, depending on the referral pattern.° The cumula- 
tive probability of developing ascites ranges from 35% to 50% 
within 5 years in patients with compensated cirrhosis of all causes 
(Fig, 15-1).>*’ 
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Pathogenesis 


In cirrhosis, leakage of ascitic fluid into the peritoneal space occurs 
as a result of sinusoidal hypertension that in turn results from 
hepatic venous outflow block secondary to regenerative nodules 
and fibrosis. The other essential factor in the pathogenesis of cir- 
rhotic ascites is plasma volume expansion, through sodium and 
water retention, that allows the replenishment of the intravascular 
volume and maintains the formation of ascites (Fig. 15-2). 


Sinusoidal Hypertension 


Similarly to gastroesophageal varices, in which a minimal portal 
pressure gradient of 10 mm Hg to 12 mm Hg is needed for their 
development, ascites also seems to require a minimal portal pres- 
sure gradient of 12 mm Hg.”” A portal pressure gradient of 
10 mm Hg or more has been termed clinically significant portal 
hypertension because it is the best predictor of the development of 
complications of cirrhosis such as ascites.” In fact, ascites devel- 
opment is significantly delayed in patients in whom the hepatic 
sinusoidal pressure, as determined by the hepatic venous pressure 


gradient (HVPG), decreases through the use of nonselective 
beta-blockers.'!""” 


Plasma Volume Expansion 


Sinusoidal hypertension alone is not sufficient to maintain ascites 
formation. Without replenishment of the intravascular space, 
leakage of fluid into the peritoneal cavity would be a self-limited 
process. Replenishment of the intravascular space (i.e., plasma 
volume expansion) is accomplished through sodium retention, 
which has been shown to precede the development of ascites. "° 
Arterial (splanchnic and systemic) vasodilation is the most likely 
mechanism leading to sodium retention.“ Arterial vasodilation 
results in reduction of the effective arterial blood volume, which 
in turn leads to stimulation of neurohumoral systems, specifically 
the renin-angiotensin-aldosterone system (RAAS), the sympa- 
thetic nervous system, and the nonosmotic release of antidiuretic 
hormone (also known as arginine vasopressin). Activation of the 
RAAS and activation of the sympathetic nervous system result in 
sodium retention and, in extreme cases, renal vasoconstriction. 
Release of antidiuretic hormone leads to free water retention and 
hyponatremia.” An increased production of the vasodilator nitric 
oxide (NO) is currently considered the main cause of vasodilation 
in cirrhosis. In experimental cirrhosis, NO blockade increases 
systemic blood pressure and sodium excretion and decreases the 
volume of ascitic fluid while down-regulating the activation of the 


RAAS.'*'” The administration of vasodilators such as prazosin, 
angiotensin receptor blockers, and phosphodiesterase inhibitors 
to cirrhotic patients leads to further activation of the RAAS'*”° 
with associated sodium retention, '*” ascites,'® and decreased cre- 
atinine clearance.” 

The presence of normal or low levels of plasma renin activity 
in some patients with cirrhosis and ascites suggests that in some 
cases sodium retention occurs unrelated to vasodilation. Another 
theory is that, early in the process, there is primary renal sodium 
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e Fig. 15-1 Probability of developing decompensated cirrhosis in 257 
patients with compensated cirrhosis of different causes. Of the compli- 
cations of portal hypertension, ascites is the most frequent decompensat- 
ing event.’ GI, Gastrointestinal. 
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retention through an as yet unidentified hepatorenal reflex (over- 


fill theory).” 


Clinical Features 


The most frequent symptoms associated with ascites are increased 
abdominal girth (described as tightness of the belt or garments 
around the waist) and recent weight gain.” Ascites induces 
abdominal distention but this sign in itself has a poor specific- 
ity” because it is present in other conditions, such as obesity, gas, 
tumors, and pregnancy. Small to moderate amounts of ascites 
can be identified by bulging flanks, flank dullness, and shifting 
dullness. The last two are the most sensitive physical signs in the 
diagnosis of ascites.”*”’ Ascites can be classified in three grades: 
(1) mild ascites only detectable by ultrasound examination; 
(2) moderate ascites manifested by moderate symmetric disten- 
sion of the abdomen; and (3) large or gross ascites with marked 
abdominal distension.” 


Diagnosis 


Abdominal ultrasonography is the most cost-effective and least 
invasive method to confirm or exclude the presence of ascites 
and is therefore considered the gold standard in the diagnosis 
of ascites. It can detect amounts as small as 100 mL” and even 
as small as 1 mL to 2 mL when the Morison pouch and the 
pelvic cul-de-sac are scanned.” Abdominal ultrasonography is 
also useful in determining the best site to perform a diagnostic 
or therapeutic paracentesis, particularly in patients with a small 
degree of ascites or in those with loculated ascites. Additionally, 
findings on ultrasonography (nodular surface, splenomegaly) can 
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e Fig. 15-2 Pathophysiology of cirrhotic ascites. Cirrhosis leads to increased intrahepatic resistance 
and thereby to an increased sinusoidal pressure, which in turn leads to leakage of ascitic fluid into the 
peritoneal cavity. In addition, portal hypertension leads to splanchnic and systemic arteriolar vasodilation, 
decreased effective arterial blood volume, up-regulation of sodium-retaining systems, sodium and water 
retention, and consequently plasma volume expansion. This expansion leads to an increase in cardiac 
output, leading to a hyperdynamic circulatory state. With progression of cirrhosis and portal hypertension, 
the systemic arteriolar resistance is more pronounced, leading to further activation of the renin-angiotensin- 
aldosterone and sympathetic nervous systems with a more avid sodium retention that can no longer be 


reversed with the use of diuretics (refractory ascites). 
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indicate the presence of cirrhosis, and Doppler ultrasonography 
is the most useful initial test to investigate the presence of hepatic 
vein obstruction, an important and frequently overlooked cause of 
ascites.” Therefore in patients with new-onset ascites, abdominal 
ultrasonography should always be performed and should include 
Doppler examination of the hepatic veins. 


Differential Diagnosis 


Although cirrhosis is the cause of ascites in more than 75% of 
patients, other causes of ascites such as peritoneal malignancy 
(12%), cardiac failure (5%), and peritoneal tuberculosis (2%)** 
should be considered in the differential diagnosis of ascites. 

A diagnostic paracentesis should be the first test performed in 
the diagnostic workup of a patient with ascites. It is a safe proce- 
dure with a very low incidence of serious complications, mostly 
transfusion-requiring hematomas that occur at a rate of 0.2% to 
0.9%.” Renal dysfunction appears to be more predictive of 
bleeding complications than clotting abnormalities, and therefore 
coagulopathy is not a contraindication to perform a diagnostic 
paracentesis.” The preferred site for needle insertion is located 
in the left lower quadrant.*' Care should always be taken to avoid 
abdominal wall collaterals and to avoid the area of the inferior 
hypogastric artery, which lies midway between the anterior supe- 
rior iliac spine and the pubic tubercle. 

Uncomplicated ascitic fluid is transparent, straw colored to 
slightly yellow. The presence of blood in a nontraumatic tap (in 
which blood does not clot) may indicate the presence of malig- 
nant ascites. Milky fluid is indicative of chylous ascites, and 
although cirrhosis is the most common cause of nonsurgical 
chylous ascites, it represents only 0.5% to 1% of cases of cirrhotic 
ascites.” 

Ascites total protein content and serum-ascites albumin gradi- 
ent (SAAG) are two inexpensive measurements that, taken 
together, are most useful in determining the cause of ascites and 
therefore in guiding the workup of patients with ascites. A high 
(>2.5 g/dL) ascites total protein content occurs in peritoneal pro- 
cesses (malignancy, tuberculosis) because of leakage of high- 
protein mesenteric lymph from obliterated lymphatics and/or 
from an inflamed peritoneal surface. A high ascites total protein 
content also occurs in cases of postsinusoidal or posthepatic sinu- 
soidal hypertension when sinusoids are normal and protein-rich 
lymph leaks into the peritoneal cavity.” In hepatic cirrhosis an 
abnormally low protein content of liver lymph has been demon- 
strated as a result of deposition of fibrous tissue in the sinusoids 
(capillarization of the sinusoid) that renders the sinusoid less leaky 
to macromolecules.” On the other hand, the SAAG, which 
involves measurement of the albumin concentration of serum and 
ascitic fluid specimens and subtraction of the ascitic fluid value 
from the serum value, has been shown to correlate with hepatic 
sinusoidal pressure.***’ A SAAG cutoff value of 1.1 g/dL has been 
shown to be the best to distinguish patients in whom ascites is 
secondary to liver disease and those with malignant ascites.** 
Interestingly, this cutoff corresponds to a portal pressure gradient 
of 11 mm Hg to 12 mm Hg,” the threshold pressure necessary 
for the development of ascites in cirrhotic patients (Fig. 15-3). 
Therefore the SAAG and the ascites total protein content can 
distinguish among the three main causes of ascites—(1) cirrhosis, 
(2) peritoneal disease (malignancy or tuberculosis), and (3) pos- 
thepatic or postsinusoidal causes of ascites (e.g., heart failure, 
veno-occlusive disease)—and guide the further workup of the 
patient with ascites (Fig. 15-4). In cirrhosis the SAAG is high and 
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e Fig. 15-3 Correlation between serum-ascites albumin gradient and 
hepatic sinusoidal pressure. A direct, very significant correlation between 
the serum-ascites albumin gradient and the hepatic venous pressure 
gradient (HVPG), a measure of sinusoidal pressure, is present.°° A cutoff 
serum-ascites albumin gradient (SAAG) greater than 1.1 g/dL has been 
identified as one that distinguishes ascites secondary to sinusoidal hyper- 
tension from that secondary to peritoneal causes. This cutoff corresponds 
to an HVPG of 11 mm Hg, identified by other studies as the threshold 
pressure for the formation of ascites. 


the ascites total protein content is low, in ascites secondary to 
peritoneal causes the SAAG is low and the ascites total protein 
content is high, and in posthepatic or postsinusoidal causes of 
ascites the SAAG is high and the ascites total protein content is 
high (Fig. 15-5).”“! A study performed in patients with new- 
onset ascites showed that serum B-type natriuretic peptide has a 
greater diagnostic accuracy than SAAG/ascites total protein 
content in the diagnosis of cardiac ascites, with levels above 
364 pg/mL ruling in cardiac ascites and levels below 182 pg/mL 
ruling it out.“ 

In patients with mixed ascites (e.g., cirrhosis with superim- 
posed peritoneal malignancy) the SAAG is high and the ascites 
total protein content is low (i.e., the findings of ascites due to 
cirrhosis predominate).‘' Of note, massive hepatic metastasis can 
lead to the development of ascites but because the mechanism of 
ascites formation is sinusoidal hypertension, these cases of malig- 
nant ascites will have a high SAAG.“ 

The definitive test to determine whether ascites is the result 
of sinusoidal hypertension is measurement of hepatic sinusoidal 
pressure. The HVPG, obtained by hepatic vein catheterization 
and by subtraction of the free hepatic vein pressure (FHVP) 
from the wedged hepatic vein pressure (WHVP), is a measure 
of sinusoidal pressure. In cases of cirrhotic ascites the HVPG 
will be 10 mm Hg to 12 mm Hg or greater. In cases of cardiac 
ascites, both the WHVP and the FHVP will be elevated (reflect- 
ing elevated systemic pressures), and therefore the HVPG will be 
normal. In cases of peritoneal ascites (i.e., malignancy or tubercu- 
losis), all hepatic venous pressure measurements (WHVP, FHVB, 
and HVPG) will be normal unless the patient has coexisting 
cirrhosis or heart failure. When performed properly, HVPG mea- 
surements are reproducible and safe.® Additionally, hepatic vein 
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e Fig. 15-4 Differential diagnosis of ascites depending on the source of ascites. The serum-ascites 
albumin gradient (SAAG) is high (>1.1 g/dL) when the source is hepatic sinusoids and is low when the 
source is other than the sinusoids. Ascites total protein content is high (>2.5 g/dL) when ascites arises 
either from normal sinusoids or from the peritoneum. Workup is directed accordingly. AFB, Acid-fast bacilli; 
CT, computed tomography; HVPG, hepatic venous pressure gradient. 
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e Fig. 15-5 Results of ascitic fluid analysis of patients in whom both the serum-ascites albumin gradient 
(SAAG; A) and the ascites total protein content (B) were determined. As clearly shown, patients with 
cirrhosis have a high (>1.1 g/dL) SAAG and a low ascites protein content (<2.5 g/dL), patients with cardiac 
ascites have a high SAAG and a high ascites protein content, and patients with peritoneal carcinomatosis 
have a low SAAG and a high ascites protein content. 


224 SECTION Il 


catheterization for measurement of hepatic vein pressures allows 
the performance, in the same procedure, of a transjugular liver 
biopsy that will further help define the cause of ascites. 


Associated Conditions 


Hyponatremia develops in approximately 30% of cirrhotic patients 
with ascites and has been arbitrarily defined as a serum sodium 
concentration of 130 mEq/L or less“’; however, even sodium 
levels below 135 mEq/L, the lower limit of normal, have been 
found to be of significant prognostic value.” In the setting of 
cirrhosis, patients can have two types of hyponatremia: hypovo- 
lemic hyponatremia and hypervolemic hyponatremia. 

Hypovolemic hyponatremia is a consequence of fluid losses 
either from the kidneys (most commonly from iatrogenic overdi- 
uresis) or from gastrointestinal tract losses (i.e., diarrhea). Patients 
will typically have signs of dehydration and findings of prerenal 
azotemia due to the contraction of total plasma volume and will 
generally not have ascites or edema.“ In contrast, most patients 
with cirrhosis and ascites present with /ypervolemic dilutional 
hyponatremia, characterized by increased urinary tubular water 
reabsorption due to the nonosmotic release of antidiuretic 
hormone. As described already, this in turn results from arterial 
vasodilatation, the main pathogenic mechanism in ascites forma- 
tion. In a prospective inception cohort of patients with new-onset 
ascites, patients first developed hyponatremia, followed by the 
development of refractory ascites that in turn preceded the devel- 
opment of hepatorenal syndrome.“ Each of these stages was asso- 
ciated with progressively lower values of mean arterial pressure 
indicative of worsening vasodilatation, and with progressively 
higher Child-Pugh and Model for End-Stage Liver Disease 
(MELD) scores indicative of worsening liver function. Dilutional 
hyponatremia in cirrhosis represents an intermediate stage in the 
progression from ascites to hepatorenal syndrome. Therefore 
patients with dilutional hyponatremia usually have ascites and/or 
edema, may have concurrent kidney injury, and have a higher 
mortality, independent of the MELD score." 

Although dilutional hyponatremia in cirrhosis is usually 
asymptomatic, it contributes to hepatic encephalopathy,‘*“? is 
associated with impaired health-related quality of life," and 
increases the risk of developing central pontine myelinolysis after 
transplant (rapid correction early postoperative period).”' 

Umbilical hernias develop in approximately 20% of cirrhotic 
patients with ascites (a rate significantly greater than the 3% in 
patients without ascites) and in up to 70% of patients with long- 
standing recurrent tense ascites.” The main risks of these hernias 
are rupture” and incarceration, a complication that has been 
observed mostly in patients in whom ascites resolves rapidly after 
paracentesis, peritoneovenous shunt (PVS), or transjugular intra- 
hepatic portosystemic shunt (TIPS). 

Hepatic hydrothorax develops in approximately 5% to 10% of 
patients with cirrhosis, most probably as the result of the transdia- 
phragmatic movement of fluid from the peritoneum to the pleural 
space through diaphragmatic defects.””” It usually develops in 
patients with ascites; however, hepatic hydrothorax may develop 
in patients without detectable ascites. Although large amounts 
of ascitic fluid can accumulate in the peritoneal cavity before 
resulting in significant patient discomfort, the accumulation of 
smaller amounts of fluid (1-2 L) in the pleural space results in 
severe shortness of breath and hypoxemia. Pleural effusion is 
right-sided in 85% of cases, left-sided in 13% of cases, and bilat- 
eral in 2% of cases.” The diagnosis of hepatic hydrothorax is 
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established by radionuclide scanning of the chest after the intra- 
peritoneal injection of ”"Tc-labeled sulfur colloid or macroag- 
gregated serum albumin. In hepatic hydrothorax, presence of 
radiotracer in the pleural space is demonstrated generally within 
2 hours of intraperitoneal injection.°*°' 


Disease Complication: Spontaneous 
Bacterial Peritonitis 


Spontaneous bacterial peritonitis (SBP) is an infection of ascites 
that occurs in the absence of a contiguous source of infection (e.g., 
intestinal perforation, intraabdominal abscess) and in the absence 
of an intraabdominal inflammatory focus (e.g., abscess, acute 
pancreatitis, cholecystitis). Spontaneous bacteremia and sponta- 
neous bacterial empyema are other spontaneous infections in cir- 
thosis. The main mechanism for these spontaneous infections is 
translocation of bacteria from the gut lumen to mesenteric lymph 
nodes, to the systemic circulation (bacteremia), and then to exist- 
ing fluids (ascites and/or hydrothorax).’ Therefore the organisms 
most commonly isolated in SBP are gram-negative organisms. 
However, because of the widespread use of antibiotic prophylaxis 
and inappropriate antibiotic use in patients with cirrhosis, a 
greater incidence of SBP due to antibiotic-resistant organisms has 
been reported in the literature.** 


Epidemiology 


SBP is the most common type of infection in hospitalized patients 
with cirrhosis, accounting for approximately 25% of all bacterial 
infections.” The prevalence of SBP is much lower in the outpa- 
tient setting, ranging up to 3.5% in patients undergoing serial 
therapeutic paracenteses.”” In prospective studies the 1-year prob- 
ability of developing a first episode of SBP in cirrhotic patients 
with ascites has ranged between 11% and 61%, an incidence that 
is dependent on ascites total protein content (0% in patients with 
an ascites total protein content >1 g/dL vs. 20% in patients with 
an ascites total protein content <1 g/dL)” and mostly dependent 
on the severity of liver disease.” Spontaneous bacterial empyema 
is an entity akin to SBP in which hepatic hydrothorax becomes 
infected; it can occur in the absence of SBP or ascites, and its 
diagnosis and management are the same as for SBR“ 


Clinical Picture 


The typical features of SBP consist of local symptoms and signs 
of a generalized peritonitis (i.e., diffuse abdominal pain, abdomi- 
nal tenderness with rebound tenderness, or decreased bowel 
sounds). Systemic symptoms consist of fever, encephalopathy, 
leukocytosis, and/or acute kidney injury. However, patients rarely 
have the complete picture, and the accuracy of clinical features in 
diagnosing or excluding SBP is low.” 


Diagnosis 


A diagnostic paracentesis is the mainstay in the diagnosis of SBP 
and should be performed not only in cirrhotic patients with 
ascites who have compatible clinical features (e.g., fever, abdomi- 
nal pain, leukocytosis) but also in those admitted to the hospital 
for any other reason and in those with unexplained encephalopa- 
thy, any evidence of systemic inflammatory response syndrome 
(SIRS), or acute kidney injury.°*” 


Despite the use of more sensitive bacteriologic culture methods, 
such as introduction of ascitic fluid into blood culture bottles, 
ascitic fluid culture is negative in up to 60% of patients with 
clinical manifestations suggestive of SBP and increased ascites 
polymorphonuclear leukocyte (PMN) count.®”* Therefore the 
diagnosis of SBP is established with an ascites PMN count greater 
than 250/uL. This cutoff has been identified as the one with the 
greatest diagnostic accuracy.” In hemorrhagic ascites (i.e., ascites 
red blood cell count >10,000/UL), subtraction of one PMN for 
every 250 red blood cells will correct for the excess blood. 

To maximize the possibilities of isolating an infecting organ- 
ism, both ascitic fluid and blood bacteriologic cultures should be 
performed whenever SBP is suspected.°* 


Treatment 


When an ascites PMN count greater than 250/uL is detected, 
empiric antibiotic therapy needs to be started, before the results 
of ascitic fluid or blood cultures are obtained (Fig. 15-6). Antibi- 
otic therapy is also justified in patients in whom ascitic fluid 
cultures are positive twice despite polymorphonuclear leukocyte 
counts less than 250/uL. 

The recommended initial antibiotics are intravenously admin- 
istered cefotaxime or other third-generation cephalosporins or 
the combination of amoxicillin and clavulanic acid.®* The dosages 
of intravenously administered cefotaxime used range between 
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4 g/day and 12 g/day, with equal efficacy shown for 2 g intra- 
venously every 6 hours and 2 g intravenously every 12 hours.” 
Ceftriaxone is used at a dosage of 2 g intravenously every 24 
hours and ceftazidime is used at a dosage of 2 g intravenously 
every 8 hours to 12 hours. Amoxicillin and clavulanic acid in 
combination therapy are used at dosages of 1 g and 0.2 g, respec- 
tively, intravenously every 8 hours.” Resolution of SBP with 
initial antibiotic therapy was previously described as occurring 
in approximately 85% of patients, with the other 15% requir- 
ing antibiotic modification.’'”* However, more recently failure of 
initial antibiotic therapy has been described in approximately one 
third of patients because of an increase in the incidence of infec- 
tions due to multidrug-resistant organisms.” These infections are 
more prevalent in hospital-acquired (nosocomial) SBP, defined as 
that occurring more than 48 hours after admission, and are associ- 
ated with a higher mortality.”””° Therefore the broadest (carbapen- 
ems) or extended spectrum -lactam antibiotics (e.g., piperacillin/ 
tazobactam) should be considered as initial empiric therapy in 
patients with hospital-acquired SBP, as demonstrated in a recent 
randomized controlled trial (RCT) that showed resolution of SBP 
in 87% of patients with nosocomial SBP randomized to receive 
meropenem plus daptomycin compared with only 25% in those 
receiving standard therapy with ceftazidime” (see Fig. 15-6). 
After 5 days of antibiotic therapy the ascites PMN count 
decreases below 250/UL in most patients with SBP.” In fact, 5-day 
antibiotic therapy has been shown to be as effective as 10-day 
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e Fig. 15-6 Treatment algorithm in a patient with suspected spontaneous bacterial peritonitis. A 
diagnostic paracentesis should be performed in any patient with symptoms or signs suggestive of spon- 
taneous bacterial peritonitis (SBP), in any patient with unexplained renal dysfunction or encephalopathy, 
and in any hospitalized patient with cirrhosis and ascites. If the infection is community acquired, a third- 
generation cephalosporin should be used; if the infection is nosocomial or the patient was exposed to 
antibiotics in last 90 days or had prior infection with an antibiotic-resistant organism, a broader spectrum 
antibiotic (imipenem, meropenem, piperacillin/tazobactam) should be used. In the latter case, the antibiotic 
spectrum can be narrowed depending on the organism isolated. Patients who have a polymorphonuclear 
leukocyte (PMN) count of less than 250/uL on diagnostic paracentesis and whose culture is positive 
should have a diagnostic paracentesis repeated at the time the culture results are reported. If the repeated 
culture still shows a PMN count of less than 250/uL and positive culture (with same organism), the fluid 
is probably being seeded by an extraperitoneal infection. This should be investigated and treatment with 
an antibiotic based on organism susceptibility should initiated. Dx, Diagnostic; IV, intravenous. 
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therapy” and therefore 5 days is recommended as the minimum 
duration of therapy.” 

Cirrhotic patients have an increased propensity to develop 
aminoglycoside-induced nephrotoxicity, and therefore these ami- 
noglycoside antibiotics should be avoided. 

Renal impairment, a main cause of death in SBP, occurs as a 
result of a further decrease in effective arterial blood volume that 
in turn probably results from a cytokine-mediated aggravation of 
vasodilation as occurs in sepsis, in addition to a possible impair- 
ment in cardiac function.” Intravenously administered albumin, 
as an adjunct to antibiotic therapy, has the objective of increasing 
effective blood volume and is associated with lower rates of renal 
dysfunction and in-hospital mortality.“ The dosage of albumin 
used is arbitrary, 1.5 g/kg body weight during the first 6 hours, 
followed by 1 g/kg on day 3, to a maximum of 100 g/day. The 
patients who benefit from adjuvant albumin therapy are those 
with evidence of renal impairment at baseline (blood urea nitro- 
gen level >30 mg/dL and/or creatinine level >1.0 mg/dL) and/or 
with a serum bilirubin level greater than 4 mg/dL.” It is this 
subgroup of patients in whom albumin therapy can be recom- 
mended.” In the absence of these high-risk parameters the risk of 
renal deterioration and death is almost negligible,” and albumin 
therapy is not indicated. 

A follow-up diagnostic paracentesis performed 48 hours after 
the start of therapy is recommendable to assess the response to 
therapy and the need to modify antibiotic therapy (depending on 
the isolation of a causative organism) and/or to initiate investiga- 
tions to rule out secondary peritonitis.**’ This is more relevant 
now that infections due to multidrug-resistant organisms are 
rising. Intravenous antibiotics can be safely switched to oral 
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antibiotics after 2 days of therapy in patients who demonstrate an 
appropriate response to initial therapy.” 


Prophylaxis 


Because antibiotic prophylaxis is associated with a higher 
rate of infections by quinolone-resistant and trimethoprim- 
sulfamethoxazole-resistant organisms and by Clostridium diffi- 
cile,°*** it should be restricted to patients with cirrhosis at the 
highest risk of developing SBP. 

Patients who survive an episode of SBP have a very high 
probability of developing recurrent SBP (approx. 70% in 1 year). 
Recurrence, particularly from gram-negative organisms, is signifi- 
cantly and markedly lower with the use of orally administered 
norfloxacin at a dosage of 400 mg/day.*°*” It is therefore essen- 
tial that antibiotic prophylaxis be started in patients surviving 
an episode of SBP to prevent recurrence (Fig. 15-7). Weekly 
administration of quinolones is not recommended because it has 
been shown to be less effective in preventing SBP recurrence 
and more likely to be associated with quinolone-resistant organ- 
isms.” Prophylaxis should be continuous until the disappear- 
ance of ascites (i.e., patients with alcoholic hepatitis), death, or 
transplant. 

Per recent Baveno consensus recommendations, antibiotic pro- 
phylaxis is an integral part of therapy for patients with cirrhosis 
presenting with upper gastrointestinal bleeding and should be 
instituted from admission.® The rate of bacterial infection is as 
high as 45% in these patients, and antibiotic prophylaxis has been 
shown to be effective not only in reducing the rate of bacterial 
infections but also in reducing in-hospital mortality” and the rate 
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e Fig. 15-7 Prophylaxis of spontaneous bacterial peritonitis. Patients with a history of spontaneous 
bacterial peritonitis (GBP) should receive prophylactic norfloxacin as a means to achieve selective intestinal 
decontamination.”° Prophylaxis may also be considered in patients without a history of SBP who have a 
low ascites protein content (<1.5 g/dL) and who additionally have advanced liver failure (Child-Pugh score 
>9 and serum bilirubin level >3 mg/dL) or evidence of circulatory dysfunction (serum creatinine level 
21.2 mg/dL, blood urea nitrogen, BUN, level 225 mg/dL, or serum sodium level <130 mEq/L). 
SID, Selective intestinal decontamination. 


of variceal rebleeding.” The choice of antibiotic depends on the 
local prevalence of quinolone resistance and the severity of liver 
disease. Per Baveno consensus recommendations,” intravenously 
administered ceftriaxone at dosage of 1 g every 24 hours should 
be considered in patients with advanced cirrhosis (malnutrition, 
ascites, encephalopathy or serum bilirubin level >3 mg/dL),”' in 
hospital settings with a high prevalence of quinolone-resistant 
bacterial infections, and in patients who previously received quin- 
olone prophylaxis. Orally administered norfloxacin at a dosage of 
400 mg orally twice a day for up to 7 days is recommended for 
all other patients. In a retrospective study the risk of bacterial 
infection and mortality was very low in patients with Child-Pugh 
A cirrhosis without a beneficial effect of antibiotics.” This requires 
confirmation in prospective studies. 

Although patients with ascites protein content less than 1g/dL 
who have never developed SBP are at higher risk of developing 
SBP than those with ascites protein content greater than 1 g/dL, 
the overall risk is low at approximately 13% in a 12-month 
period™” and therefore antibiotic prophylaxis is not justified 
solely on the basis of a low ascites protein content. An RCT 
identified a subgroup of patients with low ascites protein content 
who have a very high 1-year probability of developing SBP of 
approximately 60%. These were patients who, in addition to 
having a low (<1.5 g/L) ascites protein content, had advanced 
liver failure (Child-Pugh score 29 and serum bilirubin level 
23 mg/dl) or evidence of circulatory dysfunction (serum creati- 
nine level 21.2 mg/dL, blood urea nitrogen level 225 mg/dL, or 
serum sodium level <130 mEq/L).° Compared with placebo, 
daily oral administration of norfloxacin was associated with a 
significant reduction in the rate SBP (to 7%), the rate of hepa- 
torenal syndrome, and 3-month mortality.” It is in this selected 
subpopulation of patients with cirrhosis and ascites that prophy- 
laxis with norfloxacin (400 mg per os once a day) could be con- 
sidered, particularly in those awaiting liver transplant in whom 
the development of an infection would signify removal from the 
transplant list” (see Fig. 15-7). 
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Treatment of Ascites 


The treatment of cirrhotic ascites is important, not only because 
it improves the quality of life of the cirrhotic patient but because 
SBP, one of the most lethal complications of cirrhosis, does not 
occur in the absence of ascites. Therapies for ascites include 
sodium restriction, diuretics, large-volume paracentesis (LVP), the 
transjugular intrahepatic portosystemic shunt (TIPS), and the 
peritoneovenous shunt (PVS) (Fig. 15-8).*°”? The development of 
ascites in a patient with cirrhosis denotes a poor prognosis and is 
an indication to initiate liver transplant evaluation. Therefore 
transplant constitutes the ultimate treatment for ascites and its 
complications. 

Ascites responds appropriately in 80% to 90% of patients with 
new-onset ascites on their attainment of a negative sodium balance 
through the use of sodium restriction and/or diuretics. Even 
though this treatment takes longer and may have a higher com- 
plication rate than LVB” treatment based on sodium restriction 
and diuretics still constitutes the mainstay of therapy given its 
general applicability, low cost, and ease of administration.*””” In 
fact, the categorization of cirrhotic patients with ascites is based 
on their response to diuretic therapy. In this scheme, uncompli- 
cated ascites assumes an uninfected ascites with good response to 
diuretics and refractory ascites assumes either diuretic-resistant 
ascites (ascites that is not eliminated even with maximal diuretic 
therapy) or diuretic-intractable ascites (ascites that is not elimi- 
nated because maximal doses of diuretics cannot be reached given 
the development of renal and/or electrolyte abnormalities).”® 


Sodium Restriction 


Sodium restriction is recommended in all cirrhotic patients with 
ascites. Although dietary sodium should be restricted to levels 
lower than urinary sodium excretion, sodium restriction to 
approximately 2 g/day (equivalent to 90 mEq/day or 5.2 g of 
dietary salt per day) is a realistic goal.” Further restriction of 
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e Fig. 15-8 Different treatments of ascites placed in the context of its pathophysiology. LVR. Large-volume 
paracentesis; PVS, peritoneovenous shunt; TIPS, transjugular intrahepatic portosystemic shunt. 
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sodium is unrealistic and difficult to achieve. Patients with a 
baseline urinary sodium excretion greater than 50 mEq in 24 
hours may respond to salt restriction alone, although this occurs 
in a minority of patients. There are virtually no complications 
associated with sodium restriction. However, clinicians should be 
cautious about the nutritional status of patients undergoing 
sodium restriction because the nonpalatability of a salt-restricted 
diet may lead to an inadequate food intake. In these cases, liber- 
alization of sodium restriction and addition of diuretics is prefer- 
able to further compromising the already compromised nutrition 
of the cirrhotic patient with ascites. 


Diuretics 


Spironolactone is the diuretic of choice. Even though loop diuretics 
such as furosemide are more potent natriuretics, RCTs have 
shown a significantly lower efficacy of furosemide used alone 
compared with spironolactone alone””'”’ or of the combination 
of spironolactone and furosemide.” When furosemide is used 
alone, sodium that is not reabsorbed in the loop of Henle is taken 
up at the distal and collecting tubules as a result of the hyperal- 
dosteronism present in most cirrhotic patients with ascites. There- 
fore furosemide should not be used as the sole agent in the 
treatment of cirrhotic ascites. 

Diuretic therapy can be initiated with spironolactone alone or 
with spironolactone plus furosemide. Both schemes have their 
advocates, and the choice may depend on the degree of ascites 
and the clinical setting.'°''°’ The disadvantage of starting with 
spironolactone alone is the delay before its clinical effect and the 
associated hyperkalemia.’ The disadvantage of starting with spi- 
ronolactone and furosemide combination therapy is the need for 
more frequent monitoring and dose adjustments.””'°' Spironolac- 
tone is initiated at a daily dosage of 50 mg to 100 mg/day per os, 
and this is increased in a stepwise fashion to a maximum o 
400 mg/day. Because spironolactone takes several days to be effec- 
tive, it can be administered in a single daily dosage, and dose 
adjustments should only be performed every 3 to 4 days. If spi- 
ronolactone therapy alone is initiated, furosemide therapy should 
be added if and when weight loss is not optimal or hyperkalemia 
develops. Furosemide should be used with spironolactone and 
started at an initial single daily dosage of 40 mg, increased in a 
stepwise fashion to a maximum of 160 mg/day. An insufficient 
diuretic response necessitating increases in the dose of diuretics is 
defined as a weight loss less than 1 kg in the first week and less 
than 2 kg/week in subsequent weeks.” Before considering that 
ascites is refractory to diuretics, one must ascertain whether the 
patient has adhered to the prescribed sodium-restricted diet and 
has restrained from using nonsteroidal antiinflammatory drugs, 
known to blunt the response to diuretics. Nonadherence to dietary 
sodium restriction and/or use of diuretics should be suspected if 
patients fail to lose weight despite an adequate 24-hour urine 
sodium excretion (50 mEq/L or greater than daily sodium intake). 


Complications 

The more common complications of diuretic therapy are pre- 
renal azotemia due to intravascular volume depletion (25%), 
hyponatremia (28%), and hepatic encephalopathy (26%).?°'°*!™ 
Diuretic therapy should not be initiated in patients with a rising 
creatinine level or in patients with concomitant complications of 
cirrhosis known to be associated with a decreased effective arterial 
blood volume, such as variceal hemorrhage and SBP. In patients 
who develop acute kidney injury (defined as an increase in serum 


Clinical Consequences of Chronic Liver Disease 


creatinine level of 20.3 mg/dL or 250% from baseline”) the dose 
of diuretics should be reduced or their use should be temporarily 
discontinued and should be restarted at a lower dose when the 
creatinine level returns to baseline. Patients who develop hyponatre- 
mia (serum sodium level <130 mEq/L) while using diuretics should 
be treated with fluid restriction and a decrease in the dose of diuret- 
ics. To minimize the rate of complications, weight loss in patients 
without edema should be maintained at a maximum of 0.5 kg/ 
day, whereas patients with edema can safely lose up to 1 kg/day. 

Spironolactone is often associated with adverse events related 
to its antiandrogenic activity, mainly painful gynecomastia. Potas- 
sium canrenoate, one of the major metabolites of spironolactone, 
has a comparable diuretic effect and a lower antiandrogenic activ- 
ity. However, this drug is not available in the United States. 
Eplerenone, another aldosterone antagonist with lower antiandro- 
genic activity approved for the management of essential hyperten- 
sion and congestive heart failure, seems to relieve painful 
gynecomastia while maintaining efficacy.” In terms of mineralo- 
corticoid effect, 25 mg spironolactone is approximately equivalent 
to 50 mg eplerenone. Amiloride, another potassium-sparing 
diuretic, does not produce gynecomastia and could also be used 
in patients with intolerable painful gynecomastia but it has sig- 
nificantly less natriuretic effect than spironolactone. 


Contraindications 


Nonsteroidal antiinflammatory drugs such as aspirin blunt the 
natriuretic effect of diuretics and should therefore not be used in 
cirrhotic pati ith ascites.” Although selecti | - 

patients with ascites. though selective cyclooxy: 
genase 2 inhibitors have not been shown to impair natriuresis or 
to induce renal dysfunction in cirrhotic rats,” data in patients 
indicate that celecoxib may be related to a decrease in renal func- 
tion,” and therefore cyclooxygenase 2 inhibitor use should also 


be avoided. 


Large-Volume Paracentesis 


LVP associated with intravenously administered albumin has been 
shown to be as effective as standard therapy with diuretics but 
with a significantly faster resolution and with an equal or lower 
rate of complications.””'"*''' Because this therapy is significantly 
more expensive and requires more resources than the administra- 
tion of diuretics, it is reserved for patients not responding to 
diuretics (i.e., patients with refractory ascites). However, in 
patients with tense ascites and to reduce patient discomfort, it is 
reasonable to initiate therapy with an LVP followed by adminis- 
tration of diuretics. 

Currently, LVP is standard therapy for refractory ascites. Removal 
of all ascitic fluid in a single procedure (total paracentesis) accompa- 
nied by the concomitant infusion of 6 g to 8 g of albumin per liter 
of ascitic fluid removed is as safe as repeated partial paracentesis’ '' 
and is the recommended LVP modality.” "> 

Because LVP is a local therapy that does not act on any of the 
mechanisms that lead to the formation of ascites, recurrence of 
ascites is the rule. The frequency of LVP is determined by the rate 
of ascites recurrence and, ultimately, on the need to relieve the 
patient’s discomfort. The rate of ascites recurrence depends largely 
on the patient’s adherence to salt restriction and diuretic use as well 
as the degree of sodium retention. The administration of diuretics 
after LVP is associated with a longer time to recurrence of ascites 
without any differences in complications." Therefore sodium 
restriction and diuretics at the maximum tolerated dose should 
be used in conjunction with serial LVP. However, use of diuretics 


should be discontinued if their use is associated with complica- 
tions or if urinary sodium concentration is less than 30 mEq/L. 


Complications 


One of the main complications of LVP is the development of 
postparacentesis circulatory dysfunction (PCD), defined as a sig- 
nificant increase in plasma renin activity (PRA) 6 days after LVP, 
indicative of a decrease in effective arterial blood volume. Devel- 
opment of PCD is associated with a faster recurrence of ascites, 
development of renal dysfunction, and a higher mortality.!'>''* 
Two factors are independent predictors of the development of 
PCD: the amount of ascitic fluid extracted and the type of volume 
expander used in association with LVB’? with the lowest rates 
observed when less than 5 L is removed and/or when albumin is 
used as a plasma volume expander (rate approximately 16%) (Fig. 
15-9). >07 Albumin should be administered intravenously at 
a dose of 6 g to 8 g per liter of ascitic fluid removed. For LVP less 
than 5 L, a synthetic plasma expander (e.g., Haemaccel or dextran 
70) or even saline solution can be used instead of albumin, and 
it has been suggested that no plasma expansion may be necessary 
in this setting.” ">! Patients with renal dysfunction or hypona- 
tremia (who are more vasodilated and therefore more prone to 
develop PCD) should always receive albumin irrespective of the 
volume of ascitic fluid removed. 

Procedure-related complications consist mainly of bleeding 
and ascitic fluid leakage.''’ Major bleeding occurs rarely but may 
be lethal,'’®'”” and although it is mostly related to puncture of 
mesenteric vessels, it has recently been suggested that a platelet 
count less than 50,000/UL may be a predictor of severe complica- 
tions, and platelet transfusion before LVP may be recommended 
in these cases." Leakage of ascitic fluid is rare and occurs with 
incomplete removal of ascitic fluid. This complication can be 
solved by completing the LVP preferably in a site remote from the 
leaking puncture site. Similarly, another complication of paracen- 
tesis that is rare but should be recognized is the development of 
sudden scrotal edema that results from subcutaneous tracking of 
peritoneal fluid into the scrotum and can be solved by elevation 
of the scrotum. ° 
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e Fig. 15-9 Summary of studies exploring plasma volume expansion 
and development of postparacentesis circulatory dysfunction (PCD). 
Two factors are independent predictors of the development of PCD: the 
amount of ascitic fluid removed and the type of volume expander used in 
association with large-volume paracentesis.''? When no plasma volume 
expander is used, PCD occurs in most patients, ''° when synthetic plasma 
volume expanders or saline is used, PCD occurs in approximately 30% 
of patients, !1°118117 and when albumin is used, the lowest rates of PCD 
(approximately 16%) occur after large-volume paracentesis. '°''” 
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Contraindications 


The pathogenesis of PCD appears to be the worsening of the 
vasodilatory state of the cirrhotic patient with a consequent 
further decrease in effective arterial blood volume and marked 
activation of neurohumoral systems that lead to further sodium 
retention, renal vasoconstriction, renal dysfunction, and death.“ 
Therefore LVP should not be performed in the setting of condi- 
tions that have been associated with a worsening in the vasodila- 
tory state of cirrhosis, such as SBP. 


Transjugular Intrahepatic Portosystemic Shunt 


TIPS is a nonsurgical procedure by which an intrahepatic artificial 
communication between the portal and the hepatic vein is created. 
It is the only currently used therapy for ascites that targets its two 
main pathophysiologic mechanisms: hepatic sinusoidal hyperten- 
sion and decreased effective arterial blood volume. By acting as a 
surgical side-to-side portocaval shunt, it effectively decompresses 
the hepatic sinusoids (Fig. 15-10). Additionally, the blood volume 
that is sequestered in the splanchnic circulation is transferred to 
the systemic circulation, increasing the effective arterial blood 
volume and sodium excretion. As summarized in a review,'”! 
within 4 weeks after TIPS, urinary sodium level increases and 
serum creatinine level decreases and, within 6 months to 12 
months there is a significant decrease in the levels of sodium- 
retaining hormones (aldosterone and norepinephrine), all indica- 
tive of an improvement in the circulatory dysfunction associated 
with refractory ascites. 

Clinically, meta-analyses of five prospective RCTs compar- 
ing TIPS versus LVP'”'*° showed that TIPS was more effective 
in preventing recurrence of ascites.'*”'** This is not surprising 
because TIPS acts on the pathophysiologic mechanisms respon- 
sible for ascites formation, whereas LVP does not (see Fig. 15-8). 
However, compared with LVP, TIPS was associated with a higher 
risk of severe encephalopathy without differences in survival. 7! 
Another meta-analysis of individual patient data including data 
from a subgroup of the above-mentioned RCTs showed that TIPS 
is associated with a significantly lower mortality than LVP prob- 
ably as it was related to lower rates of gastrointestinal bleeding, 
SBP, and hepatorenal syndrome.'” In that study, median survival 
of more than 12 months was observed with MELD scores less 
than 15. The main driver of MELD score as a predictor of post- 
TIPS outcome is the serum bilirubin level, and a model combin- 
ing bilirubin level greater than 3 mg/dL and a platelet count less 
than 75,000/uL was predictive of survival in patients with refrac- 
tory ascites treated with TIPS.” The main limitation of all these 
trials is that they used uncovered (bare) TIPS stents. Uncovered 
stents become obstructed frequently (18-78%)'*' and have been 
largely replaced by polytetrafluoroethylene-covered stents, which 
are associated with a significantly lower obstruction rate and a 
decreased risk of encephalopathy. > A retrospective study in 222 
patients comparing covered versus uncovered TIPS stents in the 
management of refractory ascites showed a significantly lower rate 
of shunt dysfunction (19% vs. 49%), after TIPS encephalopathy 
(22% vs. 56%) and better ascites control and overall survival. In 
that study the better survival was particularly observed in patients 
with a baseline MELD score less than 16.'*? Until the results 
of ongoing prospective trials using covered stents are available, 
TIPS should be considered second-line treatment for refractory 
ascites.” It is an option in patients who require frequent paracen- 
tesis and are good candidates for TIPS (bilirubin level <3 mg/dL, 
MELD score <15). 
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e Fig. 15-10 Effects on ascites formation of an end-to-side portocaval shunt and a side-to-side 
portocaval shunt. Although an end-to-side portocaval shunt (A) would decrease the development of 
ascites by decompressing splanchnic capillaries and decreasing blood flow into the sinusoids, it can also 
lead to greater ascites formation, particularly in patients with advanced cirrhosis in whom the outflow 
block is such that the portal vein becomes the outflow tract. On the other hand, the side-to-side portocaval 
shunt (B) (and the mesocaval shunt) by connecting the side of the portal vein (or the mesenteric vein) to 
the low-pressure inferior vena cava (IVC) effectively decompresses not only the collaterals but also the 
sinusoids. Transjugular intrahepatic portosystemic shunt is physiologically a side-to-side portocaval shunt. 


Complications 


Long-term complications of TIPS are new onset or worsening of 
prior hepatic encephalopathy and shunt dysfunction. Both occur 
in approximately one third of patients in a mean follow-up of 
approximately 1 year.” The procedure-related complication rate 
is approximately 9%, with the most common complication being 
intraperitoneal hemorrhage.'*' Other important complications 
are hemolysis and heart failure, which may develop in 15% and 
10% of patients, respectively. Patients in whom a TIPS is placed 
for refractory ascites are generally more hyperdynamic than those 
in whom a TIPS is placed for variceal hemorrhage, and there- 
fore the risk of heart failure after TIPS placement is potentially 
greater. 


Contraindications 


A poor liver function (a Child-Pugh score >11 and/or a MELD 
score >15 and/or a bilirubin level >3 mg/dL) should be considered 
a contraindication for TIPS placement. TIPS placement should 
also be avoided in elderly patients (>70 years) and in those with 
heart dysfunction as evidenced by either clinical evidence or a pre- 
TIPS echocardiogram showing a left ventricular ejection fraction 
of less than 55%, evidence of diastolic dysfunction, and/or elevated 
right-sided cardiopulmonary pressures.” With alcohol abstinence, 
ascites may disappear in patients with alcoholic cirrhosis who are 
actively drinking alcohol, and therefore TIPS placement could be 
delayed in these patients. 


Peritoneovenous Shunt and 
Other Shunting Devices 


PVS is an alternative to LVP. In RCTs, PVS has been shown to 
be equally effective as LVP, with a similar rate of complications 
and a comparable survival rate." However, because of its high 


obstruction rate, a PVS requires frequent admissions for shunt 
revision or for the management of other, more serious complica- 
tions. The use of a PVS has practically been abandoned because 
LVP is a simpler procedure that can be performed in the outpa- 
tient setting. Additionally, placement of a PVS may hinder future 
placement of a TIPS and may complicate liver transplant surgery 
given its ability to produce peritoneal adhesions. Therefore, PVS 
is mostly indicated in patients who require LVP frequently and 
who are not candidates for TIPS or transplant. 

More recently a new automated pump system that shunts 
ascitic fluid from the peritoneal cavity into the urinary bladder 
has been tested in uncontrolled studies in centers outside the 
United States. The pump has to be implanted surgically with the 
patient under general anesthesia and removes quantities of 
approximately 1000 mL per day. It significantly reduces LVP 
requirement, thereby improving quality of life, but is associated 
with significant adverse events, including surgical site infections 
(despite antibiotic prophylaxis), surgical complications, fluid 
losses leading to prerenal azotemia, and decrease in serum albumin 
levels.” Results of prospective randomized trials of this new 
pump system versus LVP are awaited. 


Treatment of Conditions 
Associated With Ascites 


Treatment of Hyponatremia 


Assessment of volume status is essential in the management of 
hyponatremia in patients with cirrhosis. Patients with hypovole- 
mic hyponatremia should be treated with withdrawal of diuretics 
and infusion of isotonic solutions to normalize the total body 
sodium level. 


On the other hand, management of severe hypervolemic hypo- 
natremia, the one associated primarily with refractory ascites, 
consists of fluid restriction to 1.5 L daily and discontinuation of 
the use of diuretics. Patient tolerance of this restriction is very 
poor and leads to decreased quality of life.” An alternative 
approach is to increase renal excretion of free water by use of Vz- 
receptor antagonists, the so-called vaptans, of which satavaptan 
was the most investigated in cirrhosis. Combined results of three 
RCTs using satavaptan showed an increase in serum sodium levels 
in patients receiving the medication but also showed a lack of 
effect on ascites,“ with one study showing a higher mortality 
with satavaptan.'*' A subanalysis of patients with cirrhosis included 
in a large multicenter RCT of another V>-receptor antagonist, 
tolvaptan, in the treatment of hyponatremia showed that tolvap- 
tan significantly increased serum sodium levels during the 30-day 
treatment period.“ However, in a subgroup of patients with 
severe hyponatremia, the drug’s effect on the serum sodium levels 
appeared to be transient and they had reverted to abnormal levels 
by day 10 of therapy.'” 

Because hyponatremia results primarily from further vasodila- 
tation resulting in a decrease in effective arterial blood volume, 
plasma volume expansion with albumin is a reasonable therapy 
but its effect is transient.'“* Ultimately, because vasodilation is 
the main pathogenic mechanism, vasoconstrictors could relieve 
hyponatremia. In fact, studies using vasoconstrictors for hepa- 
torenal syndrome have shown an increase in serum sodium 
levels.“ However, there are no studies addressing the effect of 
vasoconstrictors on hyponatremia. Longer-term trials targeting 
vasodilation and a decrease in effective arterial blood volume in 
the management of hypervolemic hyponatremia are warranted 
(Fig. 15-11). 


Treatment of Hepatic Hydrothorax 


Hepatic hydrothorax should be treated in the same manner as 
cirrhotic ascites (i.e., the mainstay of therapy is sodium restriction 
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and use of diuretics). Before determining that hepatic hydrothorax 
is refractory, one should attempt a trial of in-hospital diuretic 
therapy. In patients with refractory hepatic hydrothorax, other 
therapeutic options such as repeated thoracenteses or TIPS should 
be considered. Regarding thoracentesis, and given that no more 
than 2 L should be removed at a time because of the risk of reex- 
pansion pulmonary edema, the procedure may need to be repeated 
very frequently. When more than one thoracentesis is required 
every 2 to 3 weeks, hepatic hydrothorax is considered refractory, 
and alternative strategies such as TIPS should be considered. In a 
recent meta-analysis, 56% of 198 patients with refractory hepatic 
hydrothorax treated with TIPS included in six studies had a com- 
plete response (resolution of refractory hepatic hydrothorax 
without further need for thoracentesis) after TIPS, 18% of the 
patients had only a partial response (defined as relief of refractory 
hepatic hydrothorax symptoms and/or a decrease in the need for 
thoracentesis), and no improvement with TIPS was shown in 
21%." In one of the studies included, a MELD score below 15 
was once more identified as being a predictor of better survival, 
and this should be used to select candidates for TIPS.'*° Place- 
ment of a chest tube should be avoided in patients with hepatic 
hydrothorax because it has been associated with multiple compli- 
cations, mainly volume and electrolyte disturbances. 


Prognosis and Natural History 


The natural history of cirrhotic ascites progresses from diuretic- 
responsive (uncomplicated) ascites to the development of dilu- 
tional hyponatremia, refractory ascites, and finally hepatorenal 
syndrome. Whereas median survival in patients with compensated 
cirrhosis is greater than 12 years,” once decompensation occurs, 
median survival decreases to between 1.6 years and 1.8 years.” 
The 1-year survival rate in patients who develop ascites is 85% 
but it decreases to 25% when ascites has progressed to hypona- 
tremia, refractory ascites, or hepatorenal syndrome.“ In cirrhotic 
patients with moderate to tense ascites, four parameters have been 
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found to be independent predictors of survival: impaired water 
excretion, mean arterial pressure, Child-Pugh class, and serum 
creatinine level.“ Except for the Child-Pugh score, which is a 
marker of liver function, all other parameters indicate a worsened 
hemodynamic status (i.e., a more vasodilated state) and are con- 
sistent with other studies that have shown that hyponatremia and 
renal dysfunction are predictors of poor survival in cirrhosis. ‘° 

Progressive vasodilation leading to further activation of vaso- 
constrictive systems leads to ascites and hyponatremia and, at its 
extreme, results in renal vasoconstriction and decreased renal 
blood flow, which in turn leads to a decreased glomerular filtration 
rate and a prerenal type of kidney injury; that is, hepatorenal 
syndrome, a complication of cirrhosis with the highest mortality 
(median survival of 2 weeks when untreated). In addition, a rela- 
tive decrease in cardiac output in this high-output cardiac state 
(or cirrhotic cardiomyopathy) may further contribute to decreased 
renal blood flow.“ 

Therefore in a patients with ascites, particularly those with 
refractory ascites, factors that may worsen vasodilatation should 
be avoided/prevented. Vasodilators (angiotensin receptor block- 
ers, angiotensin-converting enzyme inhibitors, carvedilol) should 
not be used in these patients particularly if they are associated 
with a decrease (even minimal) in arterial blood pressure. In this 
context, the use of nonselective beta-blockers that could further 
decrease cardiac output and destabilize patients that are in this 
fragile hemodynamic state could theoretically lead to further 
decompensation, acute kidney injury, and death. 

Uncontrolled studies have shown that nonselective beta- 
blockers (frequently used in patients with decompensated cirrho- 
sis to prevent variceal hemorrhage) are associated with a higher 
mortality and higher rates of PCD in patients with refractory 
ascites. °”! However, more recent studies performed in a larger 
number of patients with cirrhosis with an even more severe liver 
disease, those with acute-on-chronic liver failure, show a ben- 
eficial effect of beta-blockers on inflammatory markers and on 
survival. 9> 

Given the benefit of nonselective beta-blockers, particularly in 
the prevention of recurrent variceal hemorrhage, the Baveno VI 
consensus conference recommended that, until further evidence 
is available, nonselective beta-blockers should be used cautiously 
in patients with refractory ascites and the dose should be reduced 
or their use should be discontinued in the presence of a systolic 
blood pressure less than 90 mm Hg, a serum sodium level less 
than 130 mEq/L, or the development of acute kidney injury." 


Conclusion 


Ascites is the most common decompensating event in cirrhosis 
and is associated with a poor prognosis. Patients with ascites 
should initiate evaluation to determine their liver transplant can- 
didacy. The mainstay of therapy is sodium restriction and use of 
diuretics. Patients in whom ascites is refractory to diuretic therapy, 
should be treated with LVP accompanied by intravenous infusion 
of albumin. TIPS should be reserved for patients who require 
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frequent LVP and should be particularly considered in those with 
a MELD score below 15. SBP is a complication of ascites that 
leads to worsening of the circulatory dysfunction of cirrhosis and 
is therefore associated with a high mortality. Prompt diagnosis 
and early therapy with antibiotics is essential. In patients with 
renal dysfunction or jaundice, intravenous infusion of albumin 
will prevent the development of renal dysfunction and death. 
Hyponatremia is a complication of ascites that can be due to over- 
diuresis (hypovolemic hyponatremia) or worsening vasodilation 
leading to hypersecretion of antidiuretic hormone (hypervolemic 
hypervolemia). Fluid restriction, diuretic therapy discontinuation, 
and use of V>-receptor antagonists are temporary and poorly effec- 
tive measures in the treatment of hypervolemic hyponatremia. 
Knowledge of the pathophysiologic mechanisms of ascites and 
its complications should lead to more effective therapies and 
procedures/drugs that should be avoided. 


SUMMARY 


Recent Progress 

e Ascites is the most common decompensating event in cirrhosis and 
the one that carries the highest mortality. 

e Management of ascites should be performed in a stepwise, cautious 
and unhurried manner, making sure that other complications (e.g., 
variceal hemorrhage, spontaneous bacterial peritonitis, acute kidney 
injury) are under control/stable. 

e Main objective in patients with ascites is to prevent the development of 
serious complications such as hepatorenal syndrome. 

e Avoid/prevent medications or complications that will worsen 
vasodilatation. 

e Prevent volume depletion (e.g., careful use of diuretics and 
lactulose). 

e Avoid nephrotoxins. 


Key Knowledge Gaps 

e Current therapies to eliminate ascites target mechanisms downstream 
of the pathogenic cascade and do not lead to an improvement in 
survival. 


Future Directions 

e Therapies that target pathogenic mechanisms upstream of the cascade 
(vasodilatation) in the treatment of ascites and prevention of 
complications. 

e Nonantibiotic measures to prevent bacterial translocation and thereby 
prevent spontaneous infections in cirrhosis and worsening of the 
vasodilatory state. 

e Develop markers that will allow for the early identification of infections 
in cirrhosis. 

e Further define candidates and techniques for transjugular intrahepatic 
portosystemic shunt in patients with refractory ascites. 
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Portal Hypertension Related to Bleeding 
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ABBREVIATIONS 


AIDS acquired immunodeficiency syndrome 

ARPKD autosomal recessive polycystic kidney disease 

BRTO balloon-occluded retrograde transvenous obliteration of 
varices 

DSRS distal splenorenal shunt 

EMT epithelial-mesenchymal transactivation 

FHVP free hepatic vein pressure 

GAVE gastric antral vascular ectasia 

GVE gastric vascular ectasia 

HHT hereditary hemorrhagic telangiectasia 

HV hepatic vein 

HVPG hepatic venous pressure gradient 

ICG indocyanine green 

IGV isolated gastric varices 

IVC inferior vena cava 

MELD Model for End-Stage Liver Disease 

MRE magnetic resonance elastography 

NO nitric oxide 

NOS nitric oxide synthetase 

NRH nodular regenerative hyperplasia 

PBC primary biliary cholangitis 

PSC primary sclerosing cholangitis 

PHG portal hypertensive gastropathy 

TIPS transjugular intrahepatic portosystemic shunts 

TLR4 toll-like receptor 4 

VEGF vascular endothelial growth factor 

WHVP wedged hepatic vein pressure 


sated cirrhosis, other than hepatocellular carcinoma, is 

complications of portal hypertension. Portal hypertension 
results in the formation of portosystemic collateral veins and leads 
to variceal bleeding, ascites, and hepatic encephalopathy. Approxi- 
mately 20% of patients with an episode of variceal bleeding will 
die within 6 weeks of the index bleed, and thus portal hyperten- 
sion is a serious sequela of chronic liver disease. In this chapter, 
the pathophysiology of portal hypertension and the diagnosis 
and management of portal hypertension—related bleeding are 
discussed. 


p | The major cause of mortality in patients with decompen- 


Anatomy of the Portal Venous System 


The liver is a derivative of the foregut that extends into the septum 
transversum. The portal vein is derived from the omphalomesen- 
teric veins. As the yolk sac regresses, the principal tributaries of 
the portal vein arise from the intestine. The normal adult portal 
circulation is established soon after birth with the obliteration of 
the umbilical vein.’ 

The portal vein is formed behind the neck of the pancreas and 
anterior to the inferior vena cava by the confluence of the superior 
mesenteric vein and the splenic vein. The inferior mesenteric vein 
may drain into this confluence but usually drains into the splenic 
vein. The splenic vein is the vein of the foregut and drains the lower 
end of the esophagus, as well as the stomach, pancreas, and first 
portion of the duodenum. The superior mesenteric vein, the vein 
of the midgut, drains the entire small bowel from the second portion 
of the duodenum, the cecum and ascending colon, and the right 
two thirds of the transverse colon. The inferior mesenteric vein, the 
vein of the hindgut, drains the remainder of the colon and the 
rectum. Additional tributaries of the portal vein are the left gastric 
or left coronary vein, gastro-epiploic veins, and pancreatic veins. 

The portal vein arises at the level of the second lumbar vertebra 
and is approximately 8 cm in length before it divides in the hilum 
of the liver into the left and right branches. The portal vein is 
dorsal to the hepatic artery and common bile duct. The right 
and left branches of the portal vein serve the anatomic right and 
left lobes, respectively, and are accompanied in their course by 
the hepatic artery and its branches. The portal vein ramifies in the 
liver and ends in tiny capillary-like vessels termed sinusoids. In the 
hepatic sinusoids, portal venous blood mixes with hepatic arterial 
blood and the mixed blood drains into the hepatic veins. The right 
hepatic vein drains into the inferior vena cava adjacent to but 
separate from the left and middle hepatic veins, which typically 
enter the inferior vena cava via a common channel approximately 
1 to 2 cm in length. In approximately one third of patients, the 
three major hepatic veins may drain separately into the inferior 
vena cava. The caudate lobe drains into the inferior vena cava 
separately from the right, middle, and left hepatic veins.’ 


Physiologic Principles of 
the Portal Circulation 


The intrahepatic circulation has some unique features. One is the 
dual blood supply from portal vein and hepatic artery. Thirty 
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percent of the flow and 30% to 60% of the oxygen consumed by 
the liver comes from the hepatic artery, whereas the rest comes 
from the portal vein.* The dual hepatic blood supply makes the 
normal liver resistant to anoxia. Ligation of the portal vein, for 
example, will not cause hepatocellular necrosis. Similarly, acciden- 
tal ligation of the hepatic artery or its major branches does not 
necessarily lead to hepatic failure, except in the setting of liver 
transplantation, where the organ is much more dependent on 
hepatic arterial blood flow. 

There is also a unique interrelationship between hepatic artery 
and portal vein blood flow.’ In both animals and humans, a 
decrease in portal venous flow or sinusoidal pressure causes a reflex 
increase in hepatic arterial flow. Conversely, an increase in sinu- 
soidal flow or pressure causes a reflex decrease in hepatic arterial 
flow. This buffer response may be mediated by adenosine, and the 
response maintains a constant hepatic blood flow despite changes 
in portal venous flow that occur during digestion. 

The liver also maintains a very low outflow resistance. Because 
of this, vasodilation causes a minimal rise in sinusoidal pressure 
because outflow resistance is low. Thus the sinusoidal pressure 
remains low despite changes in blood flow. In cirrhosis, however, 
increases in portal pressure increase vascular leak from the sinu- 
soids, contributing to ascites. Another unique feature of the 
hepatic circulation relates to its microanatomy. The endothelial 
lining in the liver contains fenestrae that allow free passage of 
proteins between the sinusoidal lumen and the abluminal space 
of Disse.“ Interestingly, these fenestrae are lost in response to liver 
injury and cirrhosis due to loss of the specialized phenotype of 
the sinusoidal endothelial cells. The presence of Kupffer cells and 
hepatic stellate cells in the hepatic microcirculation is also unique. 
In normal physiology, hepatic stellate cells store vitamin A and 
may contribute to low levels of sinusoidal constriction. Kupffer 
cells endocytose toxins and bacteria and are now well recognized 
as a mediator of innate immune responses by virtue of their 


expression of toll-like receptor 4 (TLR4). 


Portal Hypertension 


Definition 


The normal portal venous pressure is 5 to 10 mm Hg, and should 
be no greater than 5 mm Hg higher than the inferior vena cava 
(IVC) or hepatic vein (HV) pressure. A portal pressure-IVC or 
HV pressure difference determined by measuring the hepatic 
venous pressure gradient (HVPG) that is 6 mm Hg or greater, 
indicates the presence of portal hypertension. A HVPG greater 
than 10 mm Hg is associated with a greater risk of complications; 
thus clinically significant portal hypertension is defined as HVPG 
greater than 10 mm Hg. Portal pressure is elevated usually sec- 
ondary to increased resistance to portal blood flow, which may be 
at the prehepatic, intrahepatic, or suprahepatic level. Identifica- 
tion of the level of resistance to portal flow may allow determina- 
tion of the cause of portal hypertension. For example, in cirrhosis, 
portal hypertension results primarily from an increase in intrahe- 
patic resistance. 


Pathogenesis of Portal Hypertension 


Physiologic Principles of Portal Hypertension 


The pressure within a vessel is determined by the flow and resis- 
tance within that vessel. This relationship is expressed by Ohm's 
law: AP = Q X R, where P is pressure, and Q and R are flow and 
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resistance, respectively. Therefore either increase in flow or resis- 
tance can lead to an increase in pressure. In the case of portal 
hypertension, the increase in pressure occurs through both an 
increase in flow (Q) and an increase in resistance (R). Resistance 
depends on a number of factors as defined by Poiseuille’s law: 
R = 8nL/nr, where n is the coefficient of viscosity, L the length 
of the vessel, and r the radius. Radius appears to be the most 
important factor, as small changes in radius are associated with 
large changes in resistance. These principles can be applied in 
relation to the development of portal hypertension and also for 
vascular regulation within each of the vascular beds in portal 
hypertension. 

The vascular beds most salient for pathogenesis of portal hyper- 
tension include the intrahepatic circulation, the splanchnic circu- 
lation, and the portosystemic collateral circulation (Fig. 16-1). 
Changes in the intrahepatic circulation are thought to be the 
primary impetus in the development of portal hypertension. 
These changes are characterized by an increase in intrahepatic 
resistance, the mechanisms of which are described in further detail 
below. Such changes not only initiate the development of portal 
hypertension but also result in secondary events that lead to a 
hyperdynamic circulatory state characterized by systemic and 
splanchnic vasodilation. Splanchnic vasodilation allows greater 
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e Fig. 16-1 Vascular beds implicated in pathogenesis of portal hyper- 
tension. Portal hypertension involves changes in multiple vascular beds 
including intrahepatic resistance, which is increased, and splanchnic cir- 
culation, which experiences increased flow. These changes lead to portal 
hypertension despite the collateral circulation that develops to try to 
decompress the increased portal pressure. 


flow into the portal circulation, thereby further potentiating 
portal hypertension. At a critical level of portal pressure elevation, 
there is an expansion of the collateral circulation, which serves to 
decompress the portal circulation. As described further below, 
portal pressure reduction through collaterals comes at the expense 
of a number of complications of portal hypertension, including 
esophageal varices, and yet these collaterals fail to normalize portal 
pressure. 


Increased Intrahepatic Resistance 


Although it was previously thought that increased blood flow into 
the portal circulation may be the major driver of portal hyperten- 
sion, current concepts indicate that an increase in vascular resis- 
tance is the major driver of most forms of portal hypertension.’ 
In early studies of cirrhotic livers, distortion and reduction of the 
hepatic microcirculation were observed. These vascular changes, 
in concert with compression of portal and sometimes hepatic 
veins by regenerative nodules, were believed to be a major cause 
for the increase in vascular resistance observed in cirrhotic livers.’ 
Portal hypertension may be found, however, without cirrhosis, 
and this observation has led investigators to question whether 
deposition of collagen alone is an important factor in increasing 
intrahepatic vascular resistance. Indeed, there also appears to be 
prominent changes in vascular structure and patency, which may 
precede actual fibrosis (Fig. 16-2). For example, thrombosis of the 
portal and hepatic veins is thought to lead to ischemia, loss of 
parenchyma, and worsening of the fibrosis, supporting the idea 
that vascular change can precede and possibly promote cirrhosis.° 
Some of these observations led to the concept that increased 
intrahepatic resistance in cirrhosis may have an irreversible com- 
ponent relating to fibrosis and a reversible component that was 
more dynamic in nature. Experimentally, the concept of a revers- 
ible and dynamic component of increased intrahepatic resistance 
was further crystallized by studies by Bhathal and colleagues 
which demonstrated that a vasodilator, sodium nitroprusside, 
could reduce perfusion pressure in the isolated perfused rat liver 
preparation.” This observation was subsequently expanded in 
vivo and mechanistically and formed the basis for the concept that 
the nonfibrotic component of cirrhosis was an important aspect 
of portal hypertension and was amenable to therapeutic interven- 
tion. This is especially important because at the present time, the 
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e Fig. 16-2 Sinusoidal changes in the process of cirrhosis develop- 
ment. Hepatic microcirculation undergoes substantial changes in cirrhosis 
and portal hypertension. Whereas endothelial cells lose their fenestrae and 
undergo endothelial dedifferentiation and dysfunction, hepatic stellate cells 
undergo activation with increased contractility, proliferation, and capacity 
to constrict the sinusoids. 
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fibrotic component of portal hypertension is less amenable to 
pharmacologic modulation in humans.’ 

The cell biology of hepatic vascular cells and their paracrine 
regulation of vascular structure and function have emerged as 
important drivers of the pathogenesis of increased intrahepatic 
resistance in portal hypertension, as well as a site for therapeutic 
intervention. Paradigmatically, this is represented by the interplay 
of two cells, the sinusoidal endothelial cell and the hepatic stellate 
cell.'° As previously mentioned, the sinusoidal endothelial cell is 
a unique endothelial cell in terms of its phenotype. It maintains 
fenestrae, which facilitate macromolecular transport across the 
space of Disse. Whereas it was initially thought to be a cell that 
exclusively regulates such transport functions, more recent models 
indicate that this cell also maintains traditional vasoregulatory 
functions within the hepatic circulation, including paracrine regu- 
lation of adjacent hepatic stellate cells via production of a number 
of vasoregulatory molecules including the canonic vasodilator and 
vasoconstrictor, nitric oxide (NO), and endothelin, respectively."' 
Regulating mechanisms of NO are shown in Fig. 16-3. 

Hepatic stellate cells are interspersed within the hepatic sinu- 
soids in the normal liver. However, in response to liver injury, 
these cells undergo a process termed activation, which is character- 
ized by enhanced proliferation, migration, and collagen deposi- 
tion capacity. '™'? These changes enhance the ability of sinusoidal 
endothelial cells to regulate the sinusoidal structure and function 
through hepatic stellate cells, which thereby reach the critical mass 
and level of activation necessary to act as an effector cell for 
sinusoidal endothelial cell-derived molecules'* (see Chapter 5). 
Although the hepatic stellate cell is the canonic cell type thought 
to mediate effector functions from endothelial cell-derived mol- 
ecules, recent work suggests that the peribiliary fibroblast and 
other related mesenchymal cells can also activate to myofibroblasts 
and serve a similar function to the hepatic stellate cell.’ One 
theory proposes that epithelial cells may also transactivate into 
myofibroblasts through a process termed epithelial-mesenchymal 
transactivation (EMT)."° Thus the pool of contractile effector cells 
could be diverse in phenotype and may not be limited to hepatic 
stellate cells. 

NO and endothelin are two prototypical vasoactive molecules 
that regulate interactions between sinusoidal endothelial cells and 
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e Fig. 16-3 Canonic pathways of nitric oxide generation and relaxation 
function. Nitric oxide is generated by various NOS isoforms, especially 
eNOS, in endothelial cells. Nitric oxide diffuses albuminally to contractile 
cells, such as stellate cells, to promote relaxation and other functions also. 
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hepatic stellate cells and are discussed in more detail below. Many 
other vasoactive signaling pathways also exist and are relevant for 
portal pressure regulation but will not be discussed here. 

In the intrahepatic system it is believed that an underproduc- 
tion of NO contributes to increased intrahepatic vasoconstriction 
and increased intrahepatic resistance. This is in contradistinction 
to increases in NO generation in the splanchnic and systemic 
circulation that lead to the hyperdynamic circulation and increased 
portal inflow, which are discussed further below. The release of 
NO is reduced from the endothelial cells of cirrhotic animals, and 
the molecular mechanisms responsible for this hepatic endothelial 
dysfunction are an area of active investigation.” Some experimen- 
tal therapeutic approaches have determined that if this relative 
NO deficiency could be corrected then there would be a fall in 
intrahepatic resistance and portal pressure, suggesting that tar- 
geted increases in NO levels in the hepatic circulation could be 
used to lower portal pressure. For example, if drugs, such as 
nitrates, can be developed that increase NO levels in the portal 
system without causing further vasodilation in the systemic circu- 
lation, then new therapeutic opportunities could be possible.'* 
The most promising approaches at this time have included the 
statin class of medications, which appear to stimulate NO genera- 
tion in the intrahepatic circulation without adverse NO genera- 
tion in other vascular beds in both experimental models and in 
humans. '™” This class of drugs requires further investigation as a 
potential therapy that directly targets portal hypertension. 

Endothelins are a group of compounds that are potent vaso- 
constrictors. They bind to two different types of receptors termed 
ET, and ET;. Binding of endothelins to ET, receptors on vascular 
smooth muscle cells leads to vasoconstriction, whereas binding to 
ET, receptors on endothelial cells leads to release of NO and 
vasorelaxation. A number of different studies in combination 
indicate that endothelins may increase portal pressure in liver 
disease by binding to hepatic stellate cells, leading to their contrac- 
tion and a rise in resistance within the liver microcirculation.” In 
support of this idea are the findings that the acute administration 
of an ETam antagonist leads to a fall in portal pressure in cirrhotic 
rats.’ Chronic administration of an ETag antagonist in an animal 
model, however, failed to lower portal pressure.” Studies in 
humans using these receptor antagonists are awaited. Concerns 
about this pathway as a therapeutic target in human portal hyper- 
tension include the need for evidence of ETa antagonist safety 
profile in setting of liver dysfunction, better understanding of the 
effects of the various receptor subtypes, and the overall quantita- 
tively small effect of modulation of this pathway that has been 
observed in animal and in vitro models. 

Hepatic arterial flow also contributes to sinusoidal pressure 
because the arterial contribution to sinusoidal inflow is significant. 
Furthermore, with reduced portal blood flow into the cirrhotic 
liver there is a compensatory increase in hepatic arterial blood flow 
that aims to maintain total hepatic blood flow constant. Recent 
studies indicate that the hepatic artery participates in the general- 
ized hyperdynamic arterial flow state that characterizes the sys- 
temic and splanchnic circulatory beds in portal hypertension, 
which is described in further detail below.” This could theoreti- 
cally increase intrahepatic resistance and exacerbate portal hyper- 
tension. Overall, the role of the hepatic artery in increasing portal 
pressure requires further investigation. 

Recently, there has been greater emphasis on the vascular struc- 
tural changes that occur in parallel with cirrhosis and portal 
hypertension. This includes remodeling of the hepatic sinusoidal 
vasculature and angiogenesis, which is the proliferation of existing 
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endothelial cells. Close links between the processes of angiogenesis 
and cirrhosis have been identified with both processes going hand 
in hand. These have suggested that angiogenesis could also be a 
new target for portal hypertension treatment, although more work 
is needed in this regard.”””” The sinusoidal remodeling changes in 
portal hypertension are also quite distinct. These include an 
increase in the mass of hepatic stellate cells that wrap around the 
endothelial cell tube. With regards to the endothelial cells them- 
selves, they also undergo changes in phenotype characterized by 
dedifferentiation that includes loss of fenestrae, and development 
of basement membrane, termed capillarization. The pathologic 
significance of these changes is also anticipated to have therapeutic 
significance because reducing the contractile machinery and force 
of stellate cells should reduce intrahepatic resistance. Another 
prominent vascular structural change is the presence of “scar 
vessels” that transverse through dense cirrhotic scar. It has been 
postulated that these vessels may provide the metabolic and 
oxygen needs required for the scar to progress, akin to the role of 
angiogenesis required for tumors to continue to grow.“ Thus, the 
vascular changes of cirrhosis and portal hypertension may provide 
targets for therapies that not only target vasoregulation but also 
the related angiogenesis and sinusoidal structural changes that 
link intimately to the fibrotic process.” ?? 

The advances in molecular mechanisms of portal hypertension 
are leading to a number of potential therapeutic agents that can 
eventually be tested in humans. In addition to the advances target- 
ing specific complications of portal hypertension that are dis- 
cussed in other chapters, there are also a number of agents that 
can directly target the elevated portal pressure and increased 
intrahepatic resistance. Presently, some of these agents include 
liver specific NO donors, statin class of medicines that stimulate 
intrahepatic NO generation, blockers of the endothelin pathway, 
blockers of the angiotensin pathway, and blockers of growth 
factors including platelet-derived growth factor (PDGFR)/TGF-B 
pathways, especially receptor tyrosine kinase inhibitors, such as 
sorafenib and imatinib.*°***' In total, most of these approaches 
are targeting hepatic stellate cell contractility, proliferation, migra- 
tion, and activation, or alternatively are stimulating endothelial 
cell activation and its production of vasodilatory molecules such 


as NO. 


Increased Splanchnic Blood Flow and 
the Hyperdynamic Circulatory State 


Increased portal blood flow is an uncommon cause of portal 
hypertension in and of itself (aside from splanchnic arteriovenous 
shunts and splenomegaly), but rather is usually a propagator of 
portal hypertension triggered by increased intrahepatic resistance. 
This is because there is little outflow resistance from the liver, and 
so the increase in flow must be quite large to raise sinusoidal pres- 
sure purely on an inflow basis. However, in the setting of increased 
intrahepatic resistance, increased flow into the portal circulation 
is an important propagator of portal hypertension and in fact 
represents the most widely used site of pharmacologic therapeutic 
intervention such as octreotide, vasopressin, somatostatin, and 
B-blockers.”” Thus when the vascular resistance is increased, as is 
observed in cirrhosis, small increases in portal venous inflow may 
be associated with significant increases in portal vein pressure. 
Importantly, in cirrhosis, total flow entering the portal system 
does not equate to total flow entering the liver because the increase 
in pressure leads to portal-systemic collaterals that divert a signifi- 
cant component of the total flow entering the portal circulation, 
which are discussed in greater detail below. 


With the development of portal hypertension, there is also the 
development of the Ayperdynamic circulation, the pathogenesis of 
which is discussed in detail in Chapters 15 and 17. In brief, the 
following sequence of events appears to occur in the patient with 
portal hypertension, leading to circulatory disturbances.” Pres- 
sure in the portal circulation is increased either because of hepatic 
fibrosis or occlusion of the portal vein. Although portal blood flow 
into the liver declines, hepatic blood flow is partially maintained 
by an increase in hepatic arterial flow. In response to the rise in 
portal pressure, portal-systemic collaterals develop. Although this 
does not fully decrease portal hypertension, the shunting does 
cause vascular resistance to fall in the splanchnic bed, leading to 
the development of the hyperdynamic circulation. Splanchnic and 
portal venous inflow increases result in portal pressure to continue 
to be elevated despite the opening of the collateral circulation. As 
resistance in the liver continues to increase, there is a further 
increase in portal pressure, a fall in liver perfusion by the portal 
vein, and an increasing percentage of blood that is shunted 
through the collateral circulation. The liver is therefore deprived 
of portal blood, which may, over time, accelerate the progression 
of liver disease even if the underlying cause of cirrhosis has been 
reversed. Importantly, the hyperdynamic circulation contributes 
not only to the development of portal hypertension but also to 
the development of the hepatopulmonary syndrome (see Chapter 
18), cirrhotic cardiomyopathy (see Chapter 18), and ascites and 
hepatorenal syndrome (see Chapters 15 and 17). Interestingly, the 
changes in the splanchnic circulation in portal hypertension may 
be viewed as a microcosm of the hyperdynamic systemic circula- 
tory state observed in patients with cirrhosis, although there is 
controversy about this assertion because some vascular beds 
outside the splanchnic circulation may experience vasoconstric- 
tion rather than vasodilation.” 

From a vascular cell biology perspective, NO overproduction 
appears to contribute to the development of the hyperdynamic 
circulation (Fig. 16-4).” This conclusion is based on the findings 
in humans that in exhaled air, levels of NO are increased in cir- 
thotics before but not after liver transplantation. Additionally, 
patients with cirrhosis have increased plasma concentrations of 
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e Fig. 16-4 Increased nitric oxide mediates splanchnic vasodilation. 
Splanchnic vasodilation occurs due to increased vasodilatory factors, 
including nitric oxide, which leads to increased flow into portal 
circulation. 
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NO. However, it is increasingly clear that whereas NO is a major 
driver of the hyperdynamic circulatory state, there are numerous 
other redundant and compensatory pathways, many of which are 
under active investigation. 

‘The primary driver of increased NO generation remains unclear. 
Two mechanisms have received the greatest experimental attention: 
Vascular endothelial growth factor (VEGF) and mechanical stress 
induced by hemodynamic forces. For example, VEGF production 
is increased in cirrhosis and is a well-known stimulus of NO genera- 
tion.” Similarly, biomechanical forces, such as shear stress and 
stretch, are known to stimulate NO generation from endothelial 
cells and are increased in the splanchnic circulation of cirrhosis.” 
However, a causal versus correlative relationship between these 
parameters continues to be actively debated. 


Portosystemic Collateral Circulation 
in Portal Hypertension 


Large portosystemic collaterals are seen in patients with portal 
hypertension and the higher the pressure the more extensive the 
collaterals. Indeed, these collaterals account for a significant com- 
ponent of morbidity and mortality attributable to patients with 
cirrhosis. For example, variceal formation and hemorrhage is 
directly attributable to gastroesophageal portosystemic collateral 
vessels that develop as a consequence of increased portal pressure. 
Although portosystemic collaterals that develop in response to the 
rise in portal pressure will tend to minimize the rate of rise in 
pressure, in the end the collateral circulation is insufficient to 
compensate for the factors that raise portal pressure. 

Collateral vessels develop through several distinct but interre- 
lated processes. These include vasodilation of existing collateral 
vessels, vascular remodeling of existing vessels, and angiogenesis; 
that is, the de novo formation of new vascular sprouts (Fig. 
16-5).” Although vasodilation is a relatively rapid phenomenon, 
some of these other pathways require a longer timeframe of 
chronic portal hypertension that allows for the changes in vascular 
wall structure leading to remodeling of the vessel and sprouting 
of new endothelial sprouts. These interrelated processes are likely 
driven by both changes in growth factor levels in cirrhosis and 
mechanical factors related to increased pressure within the portal 
circulation that drives increased flow into the collateral bed.*° 
Importantly, these mechanisms have potential therapeutic impli- 
cations. For example, VEGF is a growth factor that has been 
demonstrated to mediate the angiogenic collateral vessel response 
in portal hypertension, with inhibition of VEGF attenuating col- 
lateral vessel formation in animal models.” Parallel strategies may 
be worthy of pursuit in humans with cirrhosis if safety of these 
drugs can be established. 
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e Fig. 16-5 Mechanisms of portosystemic collateral formation. Collat- 
eral vessels develop from vasodilation of existing collaterals, angiogenesis 


from existing sprouts, and vascular remodeling of existing collateral 
vessels. 
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Several factors eventually determine whether the collateral 
vessel will rupture as best exemplified by bleeding esophageal 
varices. These factors include the size of the varix, the thickness 
of the varix wall, and the pressure gradient between the variceal 
lumen and the esophageal lumen. The interplay of how these 
factors determine the risk of varix rupture is shown in Fig. 16-6. 


Clinical Features of Portal Hypertension 


Portosystemic Collaterals 


The portal venous system may decompress into the systemic 
venous system at several different sites. The most important site 
for this collateral circulation is within the mucosa of the proximal 
stomach and distal esophagus. When these collateral vessels dilate, 
gastric and esophageal varices develop. The normally obliterated 
umbilical vein, which lies in the ligamentum teres, is recanalized 
with increases in hepatic sinusoidal pressure and connects the left 
portal vein to systemic veins around the umbilicus. These veins 
then drain into the epigastric vessels and appear as caput medusae. 
Because the umbilical vein drains into the left portal vein, the 


Wall tension (T) = (P1 — P2) x nW 


e Fig. 16-6 Mechanisms of variceal rupture. Variceal rupture is deter- 
mined by wall tension that is regulated by the pressure gradient between 
the varix and esophageal lumen, as well as the width of the varix wall and 
varix radius. 


x 2 


P 
i >, wy 
r, on ` 


ee 


“ 


Clinical Consequences of Chronic Liver Disease 


presence of caput medusae rules out extrahepatic portal hyperten- 
sion as the cause of portal hypertension. If the flow in the umbili- 
cal vein is high, an audible venous hum (Cruveilhier-Baumgarten 
murmur) may be heard over the course of the umbilical vein. 
When the inferior vena cava is occluded, as in Budd-Chiari syn- 
drome, the veins in the flanks are more dilated and drain upward 
into the superior vena caval territory.” These veins may be best 
appreciated by examining the back and the flank of the patient. 

Large venous shunts may also form between the splenic vein 
and the left renal vein (Fig. 16-7). These shunts are often large 
enough to decrease the risk of variceal bleeding, but may increase 
the risk of hepatic encephalopathy and portopulmonary hyperten- 
sion.” Collaterals may also develop between the portal venous 
system and the abdominal wall in relation to surgical scars or 
surgically created ostomies (Fig. 16-8). Rectal varices (Fig. 16-9) 
develop from collaterals between the superior hemorrhoidal vein, 


B 


e Fig. 16-7 Spontaneous splenorenal shunt. CT scan of the abdomen, 
coronal section, demonstrates a spontaneous splenorenal shunt (arrow) 
with communications between the splenic vein (curved arrow) and the 
renal vein (arrowheads). 


e Fig. 16-8 Abdominal wall varices following an appendectomy. The patient had visible external bleed- 
ing from dilated veins in the abdominal wall. A, Abdominal wall varices (curved arrow) being fed by a large 
collateral vein (arrow). B, Collaterals (curved arrow) connecting to superficial epigastric vein (arrow). 
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e Fig. 16-9 Endoscopic view of rectal varices, which are dilated veins of the middle and superior 
hemorrhoidal plexus. A, Rectal varices (short arrow), hemorrhoids (blue arrow). B, C, Rectal varices. 
(All endoscopic images in this chapter are courtesy Dr. L. M. Wong Kee Song and Dr. Nayantara 
Coehlo-Prabhu.) 


which continues as the inferior mesenteric vein, and the inferior 
rectal vein, which drains into the systemic pudendal vein. The 
prevalence of hemorrhoids in patients with portal hypertension 
may not be increased, although occasionally hemorrhoidal bleed- 
ing can be severe. 


Splenomegaly 

There is poor correlation between portal venous pressure and the 
size of the spleen. Splenomegaly, which is common in portal 
hypertension, may be associated with hypersplenism; that is, a 
reduction in one or more of the formed elements of platelets, 
white blood cells, and red cells. The degree of reduction in the 
formed elements is usually insufficient to cause clinical problems. 
Splenectomy is, hence, almost never recommended for hyper- 
splenism resulting from portal hypertension. If the reduction in 
the formed elements is severe enough to be symptomatic, a cause 
other than hypersplenism, should be investigated. 


Assessment of Portal Venous System 


The most common method of assessing for esophageal varices is 
upper gastrointestinal endoscopy. However, there are several other 
methods, including radiologic imaging and capsule endoscopy, to 
detect varices. An accurate comparison of the varying techniques 
to detect esophageal varices is difficult because the current gold 
standard for detecting varices, upper gastrointestinal endoscopy, 


may miss gastric varices, and considerable observer variation exists 
in assessing the size of esophageal varices.“ 

Esophageal varices develop in response to an increase in portal 
pressure. The correlation between the size of esophageal varices 
and portal hypertension is variable because there are several other 
beds where collaterals may form, and the degree of decompression 
into these beds is variable. In addition, valves are present in the 
perforating veins of the esophagus that may prevent the flow of 
blood from periesophageal veins into vessels within the esophageal 
mucosa. The valves may become incompetent in some patients 
with portal hypertension, which may lead to an increase in vari- 
ceal size. 


Upper Gastrointestinal Endoscopy 

The most common method of identifying and determining the 
size of gastroesophageal varices is by upper endoscopy. Various 
classifications are used to describe esophageal varices, namely size, 
form, and color. The simplest method of grading esophageal 
varices is based on size: small or large. Small varices are less than 
5 mm in diameter (Fig. 16-10), whereas large varices are greater 
than 5 mm in diameter. Large varices correspond to grade 2 and 
grade 3 varices in previous classifications.*' The size of the varices 
should be described in the lower third of the esophagus with the 
esophagus completely insufflated with air and examined on with- 
drawal of the instrument. Additional descriptors of the varices 
include red signs. A cherry red spot ona varix is 3 mm in diameter 
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e Fig. 16-10 Small esophageal varices. A, Longitudinal varices in the lower third of the esophagus with 
diameter less than 5 mm. B, Small varix with red wale sign (arrow). 
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e Fig. 16-11 Large esophageal varices. Endoscopic view of the lower third of the esophagus demon- 
strating varices greater than 5 mm in diameter. A, Large varix (arrow) with red wale sign. B, Red wale 
sign—longitudinal whip mark on varix (arrow). C, Large varix with hematocystic spot (arrow). 


or less, and a hematocystic spot or blood blister on the varix is 4 
mm in diameter or greater. The red wale sign describes a whiplike 
longitudinal mark on the varix (Fig. 16-11). The red wale sign is 
indicative of a weakness in the varix wall and is a marker of 
increased risk of bleeding, although not as predictive of bleeding 
as is the size of the varix. 


Gastroesophageal varices are classified as follows: Type 1 gas- 
troesophageal varices are in continuity with esophageal varices and 
extend for a variable distance into the lesser curvature of the 
stomach; type 2 gastroesophageal varices are again in continuity 
with esophageal varices but extend into the cardia of the stomach 
(Fig. 16-12). Isolated gastric varices can occur either in the fundus 


of the stomach (IGV type 1) or in the antrum of the stomach 
(IGV type 2). IGV type 2 varices are distinctly uncommon. Type 
2 gastroesophageal varices are the most common site of bleeding 
from gastric varices, although the most severe bleeding is with 


IGV type 1 varices.“ 


Capsule Endoscopy 

Capsule endoscopy is an investigational method to detect the 
presence of and the size of esophageal varices. Capsule endoscopy 
is less effective in determining the size of gastric varices. The 
potential advantage of capsule endoscopy over conventional 


e Fig. 16-12 Gastric varices. Tuft of varices noted in the fundus of the 
stomach on retroflexed views at endoscopy (curved arrow). These varices 
are in continuation with esophageal varices (type 2 gastroesophageal 
varices). 
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endoscopy is that varices are graded without the esophagus being 
inflated, which reflects the normal physiologic state of the esopha- 
gus. Capsule endoscopy is not currently recommended to screen 
for varices, although it can be used in patients who are reluctant 
to undergo an endoscopic procedure.“ 


CT Scan 

A computerized tomographic scan using multidetector arrays 
is another investigational modality to demonstrate esophageal 
varices (Fig. 16-13). The advantage of CT scans is that varices 
may be detected with accuracy close to that of endoscopy. In 
addition, the portal venous anatomy, liver masses, and extrahe- 
patic pathology may be visible. Patients greatly prefer CT scans 
over upper endoscopy.“ The risks of radiation with CT scans are 
minimal, but CT scans to screen for esophageal varices are prob- 
ably best avoided in patients younger than 35 years in whom a 
minute risk of radiation exists. CT scan may be used to screen for 
varices in patients who do not wish to undergo endoscopy, espe- 
cially if they have had a history of dysphagia. 


Magnetic Resonance Imaging 

Magnetic resonance imaging is another investigational modality 
for detection of varices. Magnetic resonance imaging has the same 
advantages over endoscopy as the CT scan without the risk of 
radiation. There have been limited studies that have compared 
upper endoscopy with magnetic resonance imaging in the detec- 
tion of varices. 

Magnetic resonance elastography (MRE) may determine the 
degree of hepatic fibrosis and possibly the degree of portal hyper- 
tension.“ The advantage of MRE over ultrasound transient 
elastography is that the stiffness across the whole liver can be 
determined; with transient elastography using ultrasound, stiff- 
ness is calculated across only a cylinder of liver approximately 1 
cm in diameter and 2 to 4 cm in length. Spleen stiffness on MRE 
increases in patients with portal hypertension (Fig. 16-14). 


e Fig. 16-13 CT scan of the abdomen. A, Coronal section demonstrates esophageal varices (black 
arrow), left coronary vein (thin blue arrow), portal vein (thick arrow), and splenic vein (bent arrow). 
B, Gastric varices (white arrows). 
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Liver Stiffness = 2.04 + 0.15 kPa; Spleen Stiffness = 4.79 + 1.05 kPa 
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e Fig. 16-14 MRE demonstrating the appearance of a normal liver and spleen (upper panel), and a 
cirrhotic liver with increased liver stiffness (lower panel). The blue color signifies the least stiffness and 
red signifies the highest degree of stiffness within the liver and spleen (right panels). Note the increased 
liver and spleen stiffness in cirrhosis. (Image courtesy Dr. Jayant Talwalkar, Mayo Clinic, Rochester, Minn.) 


Ultrasonography 

Ultrasonography is the only imaging modality for use at the 
bedside to diagnose portal hypertension; the portal vein and col- 
laterals can also be visualized and liver tumors detected. An 
enlarged spleen, diameter of the portal vein greater than 13 mm, 
the presence of collaterals, and the absence of respiratory variation 
in the diameter of the portal vein are all markers of portal 
hypertension.” 


Endoscopic Ultrasound 

Endoscopic ultrasonography uses radial or linear array echoendo- 
scopes or ultrasound miniprobes passed through the biopsy 
channel of a conventional endoscope; it is still considered inves- 
tigational in the evaluation of patients with portal hypertension. 
Endoscopic ultrasound allows measurement of the cross-sectional 
area of varices (Fig. 16-15); the amount of blood flow in the 
varices and in the left gastric vein, azygos vein, portal vein, and 
splenic vein; and decrease in the size of varices following variceal 
ligation.“°*” Endosonography combined with variceal pressure 
measurement can potentially allow for measurement of variceal 
wall tension because both the radius of the varix and the trans- 
mural variceal pressure are measurable. Measurement of variceal 
wall tension is important because it is the major determinant of 
variceal bleeding. Despite all of its potential uses, perhaps the 
most practical use of endoscopic ultrasound is in determining 
whether a submucosal mass in the fundus of the stomach in a 
patient with cirrhosis is a tumor or a bunch of gastric varices. 


Ultrasound Transient Elastography 

Ultrasound transient elastography (TE) or fibroelastography has 
been used primarily to determine liver stiffness as a surrogate for 
hepatic fibrosis. In a study of 61 consecutive patients with hepa- 
titis C virus (HCV)-related chronic liver disease, there was a 
strong correlation between measurement of liver stiffness (LS) on 
transient elastography and HVPG. The ROC AUC for prediction 
of HVPG of 10 and 12 mm Hg were 0.99 and 0.92; the cutoff 


e Fig. 16-15 Endoscopic ultrasound image of gastric varices (arrows). 
The arrowheads point to the muscularis mucosa of the stomach. 


values of 13.6 kPa and 17.6 kPa for liver stiffness had a sensitivity 
of 97% and 94%, respectively.** However, the correlation between 
HVPG and transient elastography was imprecise when the HVPG 
was greater than 12 mm Hg. ‘Therefore transient elastography 
cannot replace HVPG monitoring in patients receiving pharma- 
cologic treatment for portal hypertension.” 


Ultrasound Real-Time Shear Wave Elastography 

Recently, real-time shear wave elastography (RT-SWE), another 
ultrasonographic technique for measure liver stiffness has been 
considered an alternative to TE for the noninvasive measurement 


of hepatic fibrosis. The advantages of RI-SWE over TE include 


availability on clinical ultrasound scanners, ability to select the 
area of interest for stiffness measurement, and accuracy in the 
presence of ascites. A LS cutoff of 15.4 kPa identifies clinically 
significant portal hypertension with a sensitivity of 90.5% (CI: 
67.1-97.3) and specificity of 89.5% (CI: 68.6-97.1). Splenic stiff- 
ness (SS) might identify patients with cirrhosis at risk for varices, 
but measurements are not sufficiently reliable to be of clinical 
utility. LS measurement by RT-SWE appears to be more specific 
than TE in determining the presence of clinically significant 
portal hypertension.” 


Measurement of Portal Venous Pressure 


Hepatic Vein Pressure Gradient Measurement 

Catheterization of the hepatic vein is the usual technique used to 
measure HVPG. An end-hole catheter, or more commonly a 
balloon catheter, is used to determine pressure via either the 
femoral or the transjugular route. In the presence of tense ascites, 
catheterization of the hepatic veins may be more difficult using 
the femoral approach; it may be necessary to use a deflector to 
enter the hepatic vein. Not only is catheterization of the hepatic 
vein using the transjugular route somewhat easier, it also allows 
right-sided cardiac pressure to be measured. Contrast is injected 
into the hepatic vein to confirm the balloon is in a wedged posi- 
tion. Total occlusion of the hepatic vein by the inflated balloon 
results in a sinusoidal pattern being demonstrated on contrast 
injection without a collateral circulation to other hepatic veins. 
Once the balloon is deflated, the contrast washes out promptly. 
Additionally, there is a sharp increase in the pressure recorded on 
inflation of the balloon and a sharp drop when the balloon is 
deflated. When the balloon is correctly positioned and inflated, 
the pressure recorded is steady, with only respiratory variation. 
The HVPG should be measured at least three times to demon- 
strate reproducibility.” Procedure-related complications with 
HVPG measurement are uncommon. 

Wedging of the catheter in the hepatic vein or inflation of the 
balloon to occlude the hepatic vein creates a stagnant column of 
blood, which represents hepatic sinusoidal pressure in patients 
with cirrhosis. In the normal situation, this pressure is rapidly 
dissipated via the other sinusoids. In sinusoidal causes of portal 
hypertension, as in alcoholic cirrhosis and HCV-related cirrhosis, 
the pressure is not dissipated and there is a continuous column of 
blood extending from the hepatic vein to the portal vein (Fig. 
16-16). Thus wedged hepatic vein pressure (WHVP) represents 
portal pressure. Inferior vena caval pressure or the free hepatic vein 
pressure (FHVP) is measured at the junction of the hepatic vein 
and IVC, or with the balloon deflated in the hepatic vein. The 
FHVP is used as the reference standard and is recorded with the 
“zero” measured in the midaxillary line. The right atrial pressure 
should not be used as the reference standard.” 

The major drawback of using an end-hole catheter in the 
wedged position for measurement of the WHVP is that the pres- 
sure over only a small area of the liver is measured. Because there 
is regional variation in the degree of fibrosis, pressures may be 
higher in some veins than in the others. On the other hand, if a 
balloon-occluding catheter is used in the main right hepatic vein, 
the pressures are averaged over a wide area of the liver. Thus the 
WHVP using a balloon catheter is more accurate. It is important 
to note in portal hypertension secondary to portal vein thrombo- 
sis that the hepatic sinusoidal pressure is normal, and therefore 
the HVPG is normal. In primary biliary cholangitis, where pre- 
sinusoidal resistance is also increased, the HVPG is somewhat 
lower than the true hepatic sinusoidal pressure.” 
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e Fig. 16-16 The catheter (C) is in the wedged position. Contrast mate- 
rial has been injected, and beyond the tip of the catheter (arrow), the 
sinusoids are filled. There is no reflux of contrast material back along 
the catheter, confirming that it is properly wedged. There is reflux into the 
portal vein (PV). 


At the current time, HVPG measurement is not routinely used 
to diagnose portal hypertension or to monitor therapy using phar- 
macologic agents. However, HVPG measurement may be used to 
determine whether the cause of portal hypertension is sinusoidal, 
presinusoidal, or postsinusoidal. HVPG measurement is particu- 
larly useful in combination with hepatic venography, transjugular 
liver biopsy, and right-sided heart pressure measurements to deter- 
mine whether the cause of ascites is cardiac or hepatic in origin. 
HVPG has been used in patients with cirrhosis to assess the risk 
of hepatic resection, as an end point in trials using pharmacologic 
agents, and as a prognostic marker.”*” 


Direct Transhepatic Portal Venous Pressure Measurement 
The portal venous pressure can be measured directly using either 
a transjugular approach to the portal vein via the hepatic veins, 
or by direct puncture of the portal vein through a percutaneous 
transhepatic route under ultrasound guidance. A catheter is then 
passed over a guidewire into the main portal vein. Because of the 
increasing experience with TIPS, most radiologists use a trans- 
jugular route for direct measurement of the portal vein pressure. 
Inferior vena caval pressure can also be measured at the same time, 
which allows for the determination of the portal vein to hepatic 
vein pressure gradient. Such measurements are useful in identify- 
ing patients with presinusoidal, intrahepatic portal hypertension 
and determining whether a surgical portosystemic shunt is feasible 
in patients with Budd-Chiari syndrome.” Portal venous pressure 
may be measured intraoperatively by cannulating the portal vein. 
Such measurements may not be accurate reflections of portal pres- 
sure because measurements are carried out under general anesthe- 
sia with the abdomen open. 
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Measurement of Variceal Pressure and Flow 


Measurement of variceal pressure may be particularly important 
in patients with large varices and portal vein thrombosis in whom 
the HVPG does not accurately measure portal pressure. Variceal 
pressure can be measured during upper endoscopy by inserting 
into the varix a needle connected to a fluid-filled catheter con- 
nected to a pressure transducer. Measurement of pressure is fol- 
lowed by sclerotherapy of the varix because of the small risk of 
bleeding associated with variceal puncture. Because injection 
sclerotherapy is seldom used nowadays, measurement of esopha- 
geal variceal pressure by needle puncture is not recommended. 

Esophageal variceal pressure can also be measured using min- 
iature pneumatic pressure-sensitive gauges. These methods require 
not only considerable procedural skill but also stable intraesopha- 
geal pressure. The principle of the pneumatic pressure gauge is 
that varices are thin walled and quite elastic. Because they are 
elastic structures, the pressure required to compress and collapse 
the varix equals the venous pressure within the varix. Patients with 
previous variceal bleeding have higher variceal pressures than 
patients who have never bled.” A variceal pressure greater than 
18 mm Hg in patients who have had a variceal bleed is associated 
with failure to control the bleed, as well as a predictor of early 
and subsequent rebleeding. 


Measurement of Portal Venous and 
Hepatic Artery Blood Flow 


Clearance studies measure only total hepatic blood flow; the rela- 
tive contribution of the portal vein and hepatic artery to total 
blood flow cannot be determined accurately. The most commonly 
used agent to measure total hepatic blood flow is indocyanine 
green (ICG) because it is cleared by the liver and is nontoxic. 
Following injection or infusion of ICG, the disappearance of the 
compound in both the peripheral vein and hepatic vein is mea- 
sured. Using the Fick principle, hepatic blood flow is calculated. 

Determining the relative contributions of the hepatic artery 
and portal vein to hepatic blood flow is theoretically useful 
in selecting the patient who would benefit the most from a 
portosystemic shunt. It has been suggested that patients with 
normal portal venous blood flow might be poor candidates for 
portosystemic shunts because of rapid diversion of portal venous 
blood from the liver following creation of a shunt. However, the 
response of hepatic arterial blood flow to portal diversion may be 
more important. A poor outcome is likely following a portosys- 
temic shunt if there is only a minimal increase in hepatic arterial 
blood flow in response to portal venous diversion. Additionally, 
decreased hepatic blood flow after liver transplantation may point 
to graft dysfunction.” 

Measurement of portal venous blood flow alone and hepatic 
artery blood flow is possible during surgery using flow meters. 
Measuring portal venous flow without surgery is cumbersome and 
requires catheterization of the superior mesenteric artery, hepatic 
veins, and umbilical vein. Following injection into the umbilical 
vein of 99-mTc pertechnetate, rapid images are collected from the 
heart, kidney, lungs, spleen, and liver, and the portal venous frac- 
tion calculated. In patients with cirrhosis, the portal venous frac- 
tion of total hepatic blood flow varies from the normal 66% to 
essentially no flow. 

Because measurements of total hepatic, hepatic artery, and 
portal vein blood flow are cumbersome and invasive, they are 
seldom used in clinical practice. Doppler ultrasound has been 
used as an alternative modality. The velocity of flow of blood in 
the portal vein can be measured noninvasively using Doppler 
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ultrasound. The velocity of flow multiplied by the cross-sectional 
area of the portal vein is then used to calculate the volume of 
blood flow in the portal vein. These results compare favorably 
with portal vein flow measured using flow meters. Technical prob- 
lems associated with Doppler measurements, as well as body 
habitus, make it difficult to accurately estimate portal venous 
blood flow in some patients. Doppler is also used to measure 
hepatic arterial blood flow and resistance, and is a means of deter- 
mining hepatic artery stenosis or thrombosis, especially following 
liver transplantation. 


Classification of Diseases Causing 
Portal Hypertension 


Diseases that cause portal hypertension have been classified 
traditionally into those causing presinusoidal, sinusoidal, and 
postsinusoidal portal hypertension. However, there is a consider- 
able degree of variation among patients with the same disease as 
to the site of obstruction. In some patients with nonalcoholic 
cirrhosis, portal venous pressure exceeds WHVP, indicating a 
presinusoidal component, whereas in other patients, the portal 
venous pressure and the WHVP are identical, indicating sinusoi- 
dal hypertension. Consequentially, a simple way of classifying 
broadly diseases that cause portal hypertension is determining if 
the portal hypertension is caused principally by increased portal 
venous blood flow or by increased resistance to portal venous 


blood flow. 


Portal Hypertension Secondary to Increased 

Portal Venous Blood Flow 

Splanchnic Arteriovenous Fistula 

‘The most common cause of increased portal venous blood flow is 
an arteriovenous fistula that may be intrahepatic or extrahepatic. 
A splenic artery—splenic vein fistula is an example of an extrahe- 
patic splanchnic arteriovenous fistula (Fig. 16-17).’* Fistulae may 
occur within the liver in hereditary hemorrhagic telangiectasia 
(HHT, Osler-Rendu-Weber syndrome), or may follow trauma 
such as a liver biopsy, or can result from a rupture of a hepatic 
artery aneurysm. Unlike patients with HHT with a hepatic 
artery—hepatic vein fistula who develop cardiac failure, patients 
with hepatic artery—portal vein fistula develop portal hyperten- 
sion.” Because the portal venous system is exposed to arterial 
blood pressure in the presence of a hepatic artery—portal vein 
fistula, the rate of delivery of blood to the liver exceeds the 
outflow, resulting in a rise in portal pressure. With time, the high 
flow results in sinusoidal fibrosis and an increase in intrahepatic 
resistance, which propagates the portal hypertension, a phenom- 
enon confirmed in animal studies using hepatic artery—portal vein 
anastomosis. It is important to recognize the contribution of 
intrahepatic resistance because ligation of the fistula may not 
always result in resolution of the portal hypertension. Moreover, 
creation of a portosystemic shunt without occlusion of the fistula 
in an effort to ameliorate portal hypertension will actually result 
in the creation of a systemic arteriovenous fistula, which could 
lead to high-output cardiac failure. 


Splenomegaly 

Portal hypertension with varices and ascites can develop in patients 
with hematologic disease, such as polycythemia vera and myelo- 
fibrosis, and agnogenic myeloid metaplasia. Rarely, Gaucher 
disease, leukemia, and lymphoma may also cause portal hyperten- 
sion. These patients have increased portal venous blood flow, 
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e Fig. 16-17 Splenic arterial-venous fistula. A, Splenic arteriogram demonstrating splenic artery (black 
arrow) with simultaneous visualization of splenic vein (curved arrow). The spleen is not outlined. B, Sub- 
sequent images demonstrate splenic artery (black arrow) with simultaneous visualization of splenic vein 


(curved arrow), and portal vein (arrowhead). 


elevated portal venous pressure, and either normal or elevated 
WHVP, suggesting an element of increased intrahepatic resis- 
tance. If the portal hypertension is a result purely of increased 
portal venous blood flow, splenectomy should be curative. On the 
other hand, if there is significant intrahepatic resistance, splenec- 
tomy would not reverse the portal hypertension as is often the 
case. It is increasingly recognized that in patients with hemato- 
logic disease, nodular regenerative hyperplasia within the liver 
contributes to portal hypertension and is the cause of increased 
intrahepatic resistance. 


Portal Hypertension Secondary to Increased 
Resistance to Portal Blood Flow 


Extrahepatic Portal Vein Thrombosis 


Extrahepatic portal vein thrombosis (see Chapter 45) is a common 
cause of portal hypertension in children. The resistance to portal 
blood flow in this condition is presinusoidal. In children, umbili- 
cal vein sepsis may be a causal factor, but even in these children 
it is possible that an associated prothrombotic state predisposes to 
portal vein thrombosis. The most common causes of portal vein 
thrombosis in adults are polycythemia vera and other myeloprolif- 
erative disorders. Intraabdominal infections, such as diverticu- 
litis, Crohn disease, and pancreatitis are additional causes of portal 
vein thrombosis.°” Cirrhosis, as well as splenectomy, is associated 
with portal vein thrombosis. Contrary to the general belief that 
portal vein thrombosis can precipitate hepatic decompensation, 
current evidence suggests that patients with decompensated cir- 
thosis are more likely to develop portal vein thrombosis.” 

Due to improved abdominal imaging, portal vein thrombosis 
is a much more common complication of cirrhosis than previously 
recognized. Thus the association between portal vein thrombosis 
and hepatocellular carcinoma is not as strong as previously 
thought. Patients with portal vein thrombosis in the absence of 
cirrhosis present either with gastrointestinal bleeding or manifes- 
tations of hypersplenism. Bleeding is usually from gastroesopha- 
geal varices, but bleeding from duodenal varices can also occur. 
In addition, gallbladder varices (Fig. 16-18) and portal hyperten- 


e Fig. 16-18 Gallbladder varices (arrowheads) demonstrated on CT 
scan of the abdomen. 


sive cholangiopathy, which gives the appearance of pseudoscleros- 
ing cholangitis, can be present. 

There are scanty data on primary prophylaxis against variceal 
bleeding, control of variceal bleeding, or prevention of rebleeding 
in patients with portal vein thrombosis. The management prin- 
ciples in these patients (Fig. 16-19) are similar to those in patients 
with cirrhosis in whom better data exist. However, the threshold 
for creating surgical portosystemic shunts in patients with extra- 
hepatic portal vein thrombosis is much lower than in patients with 
cirrhosis. Placement of TIPS might be technically feasible in some 
patients with chronic thrombosis limited to the portal vein. 


Idiopathic Portal Hypertension 


Idiopathic portal hypertension is diagnosed when portal hyper- 
tension and splenomegaly occur in the absence of portal vein 
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Acute Bleeding from Esophageal Varices 
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Bleeding controlled | 
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Secondary prophylaxis 


Consider TIPS in 
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No Yes 
Balloon tamponade Secondary prophylaxis 
Esophageal stent Consider TIPS in 
TIPS high-risk patients 


e Fig. 16-19 Management of bleeding esophageal varices. 


obstruction or significant liver disease. The syndrome is some- 
times termed Banti disease. Hepatopetal sclerosis and noncirrhotic 
portal fibrosis describe different stages of the same disease. Nodular 
regenerative hyperplasia may be seen on histology. 

The pathogenesis of portal hypertension in this condition is 
not known but may result from an initial increase in portal blood 
flow secondary to splenomegaly. Endothelin has been localized to 
the portal tract in patients with idiopathic portal hypertension 
and entirely normal liver biopsies, suggesting that portal hyper- 
tension may be secondary to vasoconstriction in the early phases. 
Collagen deposition in periportal areas and in the space of Disse 
is noted later in the disease and subsequently the portal vein 
branches are reduced. 

Splenic venous blood flow is higher than normal in all patients 
with idiopathic portal hypertension, but portal venous blood flow 
alone is elevated in only approximately 50% of patients. Patients 
with high portal flow have significantly lower portal pressures and 
presinusoidal resistance and less severe vascular changes in liver 
biopsy specimens. Therefore high portal flow is probably an 
early stage of the disease. With time, the intrahepatic resistance 
increases, initially probably related to local production of vasoac- 
tive substances. Subsequently, intrahepatic resistance increases due 
to fibrosis, which is the predominant cause of the high portal 
pressure later in the course of the disease. Before the pathogenesis 
of idiopathic portal hypertension can be firmly established, serial 
measurements of portal pressure and portal blood flow, biomark- 
ers, and histology need to be studied in a large number of patients. 

Patients with idiopathic portal hypertension have splenomeg- 
aly, hypersplenism, or variceal hemorrhage. Ascites may develop 
late in these patients, typically in association with variceal bleed- 
ing and vigorous fluid resuscitation. Liver biochemical tests are 
normal except for mild elevation in the alkaline phosphatase, and 
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hepatic failure, if it ever develops, is a late feature. In patients with 
HIV infection who develop idiopathic portal hypertension, portal 
vein thrombosis may occur.” The long-term prognosis is generally 
good. On liver biopsy, the appearances may be entirely normal. 
Moderate to marked portal fibrosis may be found, and sclerotic 
changes in the portal veins can be noted; ductopenia may also be 
seen. Nodular regenerative hyperplasia may be seen on reticulin 
stains. The surface of the liver can be nodular due to subcapsular 
fibrosis and may look cirrhotic. However, needle biopsies in these 
patients show that the deeper liver has a near normal architecture, 
unlike cirrhosis. 

It is important on taking a liver biopsy to make certain that 
the biopsy specimen contains portal areas because an otherwise 
normal biopsy may represent a regenerative nodule in those 
with cirrhosis. Cross-sectional abdominal imaging is sufficient to 
exclude portal or splenic vein thrombosis. The WHVP in patients 
with idiopathic portal hypertension is normal or moderately ele- 
vated, but directly measured portal pressure is always greater than 
the WHVP. 

Some investigators have linked idiopathic portal hypertension 
to environmental toxins, such as arsenic or vinyl chloride. 
However, the vast majority of patients with idiopathic portal 
hypertension have no evidence of these environmental toxin 
exposures. 

Variceal bleeding is a major complication of IPH. Prophylaxis 
and management of variceal bleeding is similar to that used in 
patients with cirrhosis. Liver failure, hepatic encephalopathy, and 
hepatopulmonary syndrome may occur and are indications for 
liver transplantation.‘ 


Schistosomiasis 

Schistosomiasis is probably the predominant cause of portal 
hypertension and bleeding esophageal varices worldwide. The 
major cause of death in patients with hepatosplenic schistosomia- 
sis is portal hypertension—related bleeding. In infection with Schis- 
tosoma mansoni and Schistosoma japonicum, eggs are deposited in 
the presinusoidal portal venules. The resulting florid granuloma- 
tous inflammation leads to presinusoidal and periportal fibrosis 
termed pipe stem fibrosis.” Because the majority of the hepatocytes 
are preserved, liver function is well maintained. There is progres- 
sive obstruction to portal blood flow, which leads to portal hyper- 
tension and variceal bleeding. Splenomegaly and hypersplenism 
accompany the portal hypertension. In addition, coinfection with 
hepatitis B or hepatitis C infection can lead to rapid progression 
of fibrosis, hepatic failure, as well as hepatocellular carcinoma.” 
The WHVP is usually normal, confirming presinusoidal portal 
hypertension. It is thought that there is hepatitis B— or C—related 
liver disease in patients with hepatosplenic schistosomiasis who 
have elevated WHVP. Another possibility is that with more 
advanced disease there is extension of the fibrotic process into the 
sinusoids, which would explain the elevated WHVP. As a result 
of the decrease in portal venous flow, the hepatic artery is enlarged 
and hepatic arterial blood flow increases. Clamping the hepatic 
artery in such patients leads to a significant decline in WHVP 
without changing portal venous pressure. The increased hepatic 
arterial blood flow might be important in maintaining normal 
liver function in patients with hepatic schistosomiasis. 


Alcoholic Liver Disease 

The most common cause of portal hypertension in the western 
world may be alcoholic cirrhosis. Portal hypertension is related to 
increased resistance to portal blood flow caused by fibrosis and 


distortion of the normal hepatic architecture with nodule forma- 
tion. Zone 3 injury is most severe in alcoholic liver disease. In 
alcoholic hepatitis, there is sclerosis and obliteration of the termi- 
nal hepatic venules that results in a clinical picture similar to 
hepatic venous outflow tract obstruction. Thus portal hyperten- 
sion with ascites and esophageal varices can develop even in the 
absence of cirrhosis. On the other hand, resolution of alcoholic 
hepatitis may result in delayed or only partial resolution of the 
portal hypertension because of the injury around the central vein. 
Alcoholic fatty liver may also cause portal hypertension secondary 
to compression of the sinusoids by the enlarged hepatocytes. 
Unlike in alcoholic hepatitis, complete recovery is the rule with 
abstention from alcohol in patients with alcoholic fatty liver 
disease. 

In alcoholic cirrhosis, the WHVP and the portal vein pressure 
are equal irrespective of the stage of disease. This is because resis- 
tance to blood flow is along the entire sinusoid, along with reduc- 
tion in collaterals between sinusoids. This creates a stagnant 
column that extends to the portal venules and therefore the pres- 
sure recorded in the occluded hepatic vein is equal to the pressure 
in the portal vein (see Fig. 16-16). 


Nonalcoholic Cirrhosis 
Portal hypertension can develop in patients with cirrhosis sec- 
ondary to causes other than alcohol, and include nonalcoholic 
steatohepatitis, hepatitis B, hepatitis C, primary biliary cholangi- 
tis (PBC), primary sclerosing cholangitis (PSC), Wilson disease, 
hemochromatosis, and autoimmune hepatitis. The risk of vari- 
ceal bleeding is low in patients with autoimmune hepatitis. In 
patients with hemochromatosis, the severity of portal hyperten- 
sion increases with iron deposition and phlebotomy may result 
in a decrease in portal pressure. In PBC, the risk of variceal 
bleeding increases with the stage of disease, but may occur even 
before cirrhosis has developed. The portal hypertension is pre- 
dominantly presinusoidal in early stages of the disease, but a 
sinusoidal component develops in advanced stages of PBC. In 
patients with biliary obstruction secondary to a biliary stricture or 
PSC, the elevated portal pressure may regress with relief of biliary 
obstruction. Similarly, significant weight loss may be associated 
with reduction in HVPG in patients with NASH related cirrhosis. 
‘The portal vein pressure in patients with PBC and autoimmune 
hepatitis is higher than the WHVP.”’ This is because the resistance 
to flow is predominantly at the level of the portal venules because 
fibrosis is most severe in the portal areas. Even when the sinusoids 
are involved, there is sufficient collateral circulation between the 
sinusoids to dissipate the pressure with a catheter occluding the 
hepatic vein. Therefore the WHVP in patients with PBC under- 
estimates portal pressure.” 


Fibrocystic Liver Disease 

The term fibrocystic liver disease encompasses congenital hepatic 
fibrosis, Caroli disease, and polycystic liver disease.” Congenital 
hepatic fibrosis causes portal hypertension in teenagers and young 
adults who have variceal bleeding, usually after the second decade 
of life. Congenital hepatic fibrosis is associated with autosomal 
recessive polycystic kidney disease (ARPKD) and Caroli disease 
of the liver. When Caroli disease occurs in the presence of con- 
genital hepatic fibrosis, the term Caroli syndrome is used (Fig. 
16-20). Clinical manifestations can be cholangitis, variceal bleed- 
ing, both cholangitis and variceal bleeding, or occasionally an 
asymptomatic presentation may occur. Patients with congenital 
hepatic fibrosis have normal or mildly elevated WHVP. Portal 
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e Fig. 16-20 Caroli disease with congenital hepatic fibrosis. Note 
the dilated bile ducts (asterisk) almost encircling the portal vein radicals 
(arrowhead). Note also the presence of collaterals because of portal 
hypertension. 


hypertension may rarely develop in patients with autosomal dom- 
inant polycystic liver disease secondary to pressure on the portal 
vein by the cysts, or from portal vein thrombosis. 


Nodular Regenerative Hyperplasia of the Liver 

Nodular regenerative hyperplasia (NRH) is increasingly recog- 
nized as a cause of portal hypertension. Whereas the condition 
was previously described as being associated with rheumatoid 
arthritis, nowadays the most common association is with hema- 
tologic disease.” NRH is a histopathologic diagnosis in which 
there is hypertrophy of zone 1 hepatocytes and atrophy of 
zone 3 hepatocytes.” Significant fibrosis does not occur. The 
condition may be difficult to diagnose without a reticulin stain. 
NRH may in fact be a major feature on histology in a significant 
proportion of patients with idiopathic portal hypertension. NRH 
is well recognized in patients with Budd-Chiari syndrome and 
after liver transplantation, especially when azathioprine is used 
for immunosuppression. Ischemia may be a contributory factor. 
It is speculated that an imbalance between hyperperfused and 
hypoperfused areas of the liver results in regenerative nodules 
and areas of atrophy. This distortion of hepatic vascular architec- 
ture increases resistance to portal blood flow and results in portal 
hypertension. In addition, obliteration of the portal veins contrib- 
utes to the portal hypertension. Liver biochemical tests are usually 
normal but mild elevation in the serum aminotransferases and 
alkaline phosphatase may occur. Patients with NRH may have 
variceal bleeding, ascites, or hypersplenism. Nodular regenerative 
hyperplasia is seen with common variable immunodeficiency 
and in patients with AIDS. The WHVP may be increased in 
some of these patients, signifying the presence of sinusoidal 
hypertension. 


Partial Nodular Transformation of the Liver 

Partial nodular transformation of the liver is rare but may lead to 
portal hypertension. In this condition, there are large nodules in 
the hilar region of the liver that may be visible on imaging studies. 
Partial nodular transformation of the liver is related to an imbal- 
ance in portal perfusion of the liver that is restricted to the larger 
hilar portal venous branches. Symptoms of partial nodular trans- 
formation of the liver include variceal bleeding and abdominal 
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pain. Hepatocellular carcinoma has been known to develop in the 
regenerating nodules. 


Hematologic Disease 

Portal hypertension has been seen in patients with systemic mas- 
tocytosis, leukemias, and lymphomas. In patients with hemato- 
logic disease, the portal hypertension is related to portal vein 
thrombosis, NRH, or diffuse infiltration of the liver with malig- 
nant cells.” Treatment of the hematologic condition may result 
in regression of the portal hypertension. 


Hepatocellular Carcinoma 

Portal hypertension may be present in patients with hepatocellular 
carcinoma, even in the absence of cirrhosis. Portal pressure is 
elevated secondary to portal vein thrombosis, a hepatic artery— 
portal vein fistula, or compression of the portal vein by a large 
tumor. 


Metastatic Carcinoma to the Liver 

Ascites may develop in patients with widespread metastatic liver 
disease. In these patients who do not have peritoneal seeding by 
the tumor, the serum—ascitic fluid albumin gradient is high, indi- 
cating a portal hypertension cause for the ascites. Rarely, variceal 
bleeding may occur. Portal hypertension results from distortion 
of the hepatic vascular architecture by tumor, or is secondary to 
tumor thrombosis within the portal venules. 


Hereditary Hemorrhagic Telangiectasia 

Hereditary hemorrhagic telangiectasia (HHT), or Osler-Weber- 
Rendu syndrome, is diagnosed in patients who have epistaxis, 
a family history of HHT, visceral involvement by arteriovenous 
fistula (liver, lung, or brain), and mucocutaneous involvement 
noted as cherry red spots on the lip, tongue and palate, as well 
as the digits. The most common site of fistula formation is 
between the hepatic artery and hepatic vein, which results in 
high output cardiac failure.” A portal vein-hepatic vein fistula 
may result in hepatic encephalopathy, whereas a hepatic artery— 
portal vein fistula results in portal hypertension. In patients with 
HHT, NRH develops and may contribute to the portal hyper- 
tension. Though hepatic involvement occurs in the vast major- 
ity of patients with HHT, symptomatic involvement occurs in 
fewer than 10% of patients. Age, anemia, and an elevated serum 
alkaline phosphatase level can identify patients at risk for hepatic 
involvement.“ 


Sarcoidosis 

Sarcoidosis is associated with portal hypertension, and when it 
occurs is an indication for steroid therapy. Patients with mild 
hepatic sarcoidosis have normal hepatic sinusoidal pressures, 
whereas those with severe involvement have elevated pressures. 
Portal hypertension may regress with steroid treatment. However, 
hepatic fibrosis and cirrhosis can develop in severe sarcoidosis 
and, in these patients steroid therapy may not decrease portal 
pressure. 


Cystic Fibrosis 

Secondary biliary cirrhosis may develop in patients with cystic 
fibrosis. Portal hypertension, which develops in approximately 
2% of patients with cystic fibrosis, manifests with bleeding 
varices, hypersplenism, and ascites. Portal hypertension in patients 
with cystic fibrosis is an ominous sign. Whereas portosystemic 
shunts were previously used in patients with variceal bleeding, 
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portal hypertension might be best treated long-term with liver 
transplantation. 


Cardiac Disease 

The pathophysiology of portal hypertension in patients with 
severe right heart failure is similar to those in patients with hepatic 
venous outflow tract obstruction. The liver biopsy shows centri- 
lobular congestion identical to that seen early in liver biopsies 
from patients with Budd-Chiari syndrome. Portal hypertension 
may be seen in patients with constrictive pericarditis, severe tri- 
cuspid insufficiency, or in patients who have had the Fontan 
cardiac procedure as children. With many of the children with 
complex congenital heart disease reaching adulthood and develop- 
ing cardiac cirrhosis, variceal bleeding, ascites, hepatic encepha- 
lopathy and even HCC may be seen.” 


Portal Hypertension-Related Bleeding 


Selection of Patients to Screen for Esophageal Varices 


A low platelet count, splenomegaly, advanced liver disease, and 
ultrasound characteristics have all been used as surrogate markers 
for portal hypertension. The platelet count alone is not predictive 
of the presence of varices, but the platelet count/spleen diam- 
eter might be. The platelet count is divided by the maximum 
spleen diameter (measured on ultrasound and expressed in mil- 
limeters).”° A cutoff value for the platelet count/spleen diameter 
ratio of less than 909 corresponds to a positive and negative 
predictive value for the presence of varices of 96% and 100%, 
respectively. In validation studies, however, the positive and nega- 
tive predictive values of this ratio of 909 were not sufficiently high 
to consider the platelet/spleen ratio as a valid method of screen- 
ing for varices. A combination of liver stiffness, spleen diameter, 
and platelet count might identify patients most likely to have 
large varices,” but currently no noninvasive test combination 
is sensitive and specific enough to replace endoscopy to screen 
for varices.” 

All patients with cirrhosis in whom prophylaxis against variceal 
bleeding can be considered should therefore be screened for 
varices by endoscopy. 


Risk Factors and Natural History of 

Portal Hypertension-Related Bleeding 

In a patient with compensated cirrhosis, the presence of esopha- 
geal varices increases the 1-year risk of death from approximately 
1% when no varices are noted to 3.4%. Variceal bleeding is a 
marker of decompensated cirrhosis and is associated with a greater 
than 50% risk of death within 1 year.” The HVPG, Model for 
End-Stage Liver Disease (MELD) score, and albumin are inde- 
pendent predictors for the development of clinical decompensa- 
tion in patients with compensated cirrhosis. Patients with an 
HVPG less than 10 mm Hg have a greater than 90% probability 
of remaining compensated.’ A 1-mm increase in HVPG, or a 
l-point increase in MELD score, is associated with an 11% 
increase in the risk of hepatic decompensation. 

Esophageal varices are present in 30% to 40% of patients with 
compensated cirrhosis, and in 60% of patients with ascites. In 
patients who do not have varices, new varices develop at the rate 
of approximately 5% to 7% per year. An HVPG greater than 10 
mm Hg is the strongest predictor of the development of varices. 

Once small varices develop, the rate of progression from small 
varices to large varices is again approximately 5% to 10% per year, 
but can be as high as up to 30% per year with rapid worsening 
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e Fig. 16-21 Endoscopic appearance of portal hypertensive gastropathy. A, Cobblestone appearance 
(arrowhead) without red signs consistent with mild portal hypertensive gastropathy. B, Severe portal 
hypertensive gastropathy. Note the background mosaic pattern with prominent red signs (arrows). 


of liver disease as determined by the Child-Pugh class. Continued 
alcohol use increases the risk of developing large varices, whereas 
abstention from alcohol decreases the size of the varices and, in 
some cases, is associated with variceal disappearance. Obesity has 
a deleterious effect on the natural history of compensated cirrhosis 
of all etiologies, independent of portal pressure and liver function. 
Weight reduction may be a valuable therapeutic measure in this 
patient population.” 

In patients with small varices, the risk of variceal bleeding is 
approximately 7% in 2 years, but in patients with large varices, 
the risk of bleeding is 30% at 2 years. Esophageal variceal bleeding 
is only associated with an HVPG of 12 mm Hg or greater. 

When patients bleed from esophageal varices, in approximately 
one half of patients, the bleeding may stop spontaneously because 
hypovolemia results in reflex splanchnic vasoconstriction, which 
decreases portal pressure. With medical and endoscopic treat- 
ment, variceal bleeding is controlled in approximately 80% to 
90% of patients. The presence of active bleeding at endoscopy, 
HVPG greater than 20 mm Hg, infection, advanced Child-Pugh 
class, and portal vein thrombosis complicating cirrhosis are associ- 
ated with failure to control the initial bleed.*’ There is risk of 
rebleeding from esophageal varices within 6 weeks in up to one 
third of patients in whom variceal bleeding has been controlled, 
and almost one half of these patients will rebleed within 5 days 
of the initial bleed. Active bleeding at emergency endoscopy, 
bleeding from gastric varices, renal insufficiency, and an HVPG 
greater than 20 mm Hg are predictors of rebleeding. Patients with 
early rebleeding, especially if they have a MELD score greater than 
18 and have required greater than 4 units of packed red cells for 
resuscitation, are at the highest risk of death.” 

Approximately 25% of patients with portal hypertension have 
gastric varices. Type 1 gastroesophageal varices comprise 70% of 
all gastric varices. When gastric varices occur in patients with 
cirrhosis, they are associated with more advanced liver disease. 
Bleeding is most common in patients with type 2 gastroesopha- 
geal varices and type | isolated gastric varices. Gastric varices bleed 
especially when their diameter is greater than 10 mm in patients 
with advanced cirrhosis as determined by the CTP score. It is 


important to note that gastric varices can develop and bleed, even 
when the HVPG is less than 12 mm Hg. 


Portal Hypertensive Gastropathy and 
Gastric Vascular Ectasia 


Two gastric lesions that are a source of bleeding in patients with 
portal hypertension are portal hypertensive gastropathy (PHG) 
and gastric vascular ectasia (GVE). Severe PHG is character- 
ized by a background cobblestone appearance with superim- 
posed red signs (Fig. 16-21). Both the cobblestone appearance 
of the mucosa and the presence of ectatic vessels can also be 
seen in the small intestine and colon. Mild PHG relates to a 
cobblestone appearance of the mucosa without superimposed red 
signs. GVE are recognized as dilated and ectatic blood vessels 
in the absence of a prominent background cobblestone appear- 
ance (Fig. 16-22). Gastric antral vascular ectasia (GAVE) defines 
aggregates of ectatic vessels in the antrum of the stomach. When 
the ectatic vessels are arranged in a linear pattern, they are termed 
the watermelon stomach, but this pattern is not typically seen 
in cirrhosis. The diffuse variety of GAVE is more common in 
cirrhosis. 

The pathogenesis of both PHG and GVE are poorly under- 
stood. Because bleeding from PHG subsides promptly with a 
decrease in portal pressure by creation of TIPS, PHG is most 
likely related to elevation in portal pressure. On the other hand, 
bleeding from GVE does not respond to TIPS and, in fact, may 
increase following the procedure.” Therefore GVE is more likely 
related to increased vasodilation of the submucosal vessels in the 
stomach and intestine secondary to hepatic dysfunction rather 
than due to portal hypertension. The distribution of PHG is more 
proximal in the stomach, whereas GVE is normally in the antrum. 
PHG may be seen more commonly in patients who have under- 
gone endoscopic treatment for esophageal varices, but this may 
only be a reflection of the longer duration of portal hypertension 
in such patients.’ 

Severe PHG accounts for approximately one fourth of all 
bleeding in patients with portal hypertension. The more common 
presentation is chronic and slow bleeding with iron deficiency 
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e Fig. 16-22 Endoscopic appearance of gastric vascular ectasia. A, Prominent ectatic vessels in the 
absence of background mosaic pattern (curved arrow). B, Stomach in same patient after argon plasma 
coagulation. C, Antrum of stomach in a patient with diffuse gastric vascular ectasia following cryotherapy. 


anemia. However, approximately 10% of all acute bleeding epi- 
sodes may be caused by severe PHG. The risk factors for bleeding 
from PHG and GVE are not known. 


Bleeding From Other Sites in the Gastrointestinal Tract 


Varices at sites other than the gastroesophageal junction are 
termed ectopic varices.” Ectopic varices develop wherever the sys- 
temic circulation is in close contact with the portal circulation, 
especially at sites of previous surgery. Fewer than 5% of all portal 
hypertension—related bleeding episodes are secondary to ectopic 
varices. When ectopic varices are associated with portal vein 
thrombosis, the site of bleeding is usually the duodenum. However, 
in the West, the usual cause of duodenal variceal bleeding is cir- 
rhosis. Anorectal varices have been reported to occur in approxi- 
mately 10% to 40% of patients with cirrhosis who undergo 
colonoscopy. Rectal varices are dilated superior and middle hem- 
orrhoidal veins. On the other hand, hemorrhoids which are some- 
times difficult to distinguish from anorectal varices are dilated 
vascular channels above the dentate line. Bleeding from rectal 
varices is infrequent. 

Peristomal varices are a common site for ectopic variceal bleed- 
ing, typically in patients with inflammatory bowel disease and 
PSC who have undergone a proctocolectomy with an ileostomy. 
Stomal varices are recognized by a dark purple hue surrounding 
the stoma with friability of the stomal tissue (Fig. 16-23). 

The risk factors for ectopic variceal bleeding are also 
uncertain. 


e Fig. 16-23 Stomal varices are recognized by the dark purple hue 
surrounding the stoma with friability of the stomal tissue. 


Diagnosis of Portal Hypertension-Related Bleeding 


Patients who bleed from gastric or esophageal varices may have 
hematemesis, hematochezia, or melena. Typically, there is pain- 
less, effortless, and recurrent hematemesis. Gastrointestinal bleed- 
ing from GVE or PHG typically tends to be slow, and patients 
have iron deficiency anemia. Severe PHG may also present as a 
more acute upper gastrointestinal bleed with hematemesis or 


melena. Patients with ectopic varices may have melena or hema- 
tochezia, depending on the severity of bleeding. In patients bleed- 
ing from stomal varices, the bleeding is obvious and patients 
describe spurting of bright red blood from the edge of the stoma. 

A portal hypertension source of bleeding should be considered 
in patients who have features of chronic liver disease, namely 
ascites, jaundice, spider nevi, hepatomegaly, parotid enlargement, 
and Dupuytren contracture. However, many patients may have 
no stigmata of chronic liver disease, and patients may not even be 
aware that they have liver disease. On the other hand, patients 
with cirrhosis may have other causes of gastrointestinal bleeding, 
including ulcer disease and Mallory-Weiss tears, especially if they 
are actively consuming alcohol. Splenomegaly, especially in the 
presence of ascites, should point to the presence of portal hyper- 
tension. Caput medusae suggests a patent umbilical vein and there- 
fore points toward an intrahepatic cause of portal hypertension. 
A bruit may be heard in the left upper quadrant in the presence 
of a splenic arteriovenous fistula, causing portal hypertension. A 
bruit also may be heard over the liver in patients with HHT. 
Laboratory abnormalities also point to portal hypertension as the 
potential cause for bleeding if there is thrombocytopenia, hypo- 
albuminemia, elevation in the bilirubin, or prolongation in the 
prothrombin time. Abdominal imaging can confirm splenomeg- 
aly, the abnormal configuration of the liver suggesting cirrhosis, 
obstruction of the extrahepatic portal venous system, and the 
presence of venous collaterals. 

When a patient has gastrointestinal bleeding and portal hyper- 
tension is suspected to be the cause, the initial step is to establish 
the location, severity, and the nature of the hemorrhage. It is 
important to remember that an upper gastrointestinal source of 
bleeding should be considered, even in the presence of hemato- 
chezia because, with brisk bleeding, intestinal transit is so rapid 
that blood may not be altered in the intestines. The most accurate 
method of diagnosing bleeding gastroesophageal varices and 
excluding other lesions is upper endoscopy. Endoscopy is particu- 
larly important in diagnosing PHG as a cause of bleeding because 
this lesion is missed by radiologic imaging. 


Treatment Options for Portal 
Hypertension-Related Bleeding 


Pharmacologic Treatment 


Pharmacologic agents are used in the control of acute variceal 
bleeding, and in the prevention of either the first variceal bleed or 
rebleeding. These agents are broadly classified into those that 
decrease splanchnic blood flow and those that may decrease intra- 
hepatic vascular resistance. Vasopressin and its analogs, and soma- 
tostatin and its analogs are the agents typically used to decrease 
splanchnic blood flow as a means of controlling acute variceal 
bleeding. B-Blockers also decrease portal blood flow but are cur- 
rently used only in the prevention of variceal bleeding. There are 
several agents that may potentially decrease intrahepatic vascular 
resistance, such as Ot-adrenergic blocking agents, angiotensin recep- 
tor blockers, simvastatin, and nitrates. Other agents may decrease 
portal pressure by decreasing plasma volume, such as diuretics; or 
decrease intravariceal pressure by contracting the lower esophageal 
sphincter, such as metoclopramide, but neither approach is cur- 
rently recommended in the treatment of variceal bleeding. 


Vasopressin Analogs 
Vasopressin, an endogenous peptide hormone, reduces portal 
venous inflow by causing splanchnic vasoconstriction and thereby 
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reducing portal pressure. It is not currently used in the control of 
variceal bleeding because of serious systemic side effects. These 
include negative inotropic and chronotropic effects on the myo- 
cardium, leading to reduced cardiac output and bradycardia, as 
well as systemic vasoconstriction, which may result in bowel 
necrosis. 

‘The vasopressin analog that is more commonly used is terlipres- 
sin or triglycl-lysine-vasopressin. Terlipressin is a long-acting syn- 
thetic vasopressin analog that has fewer cardiovascular side effects 
compared with vasopressin. Like vasopressin, terlipressin decreases 
cardiac output and causes splanchnic vasoconstriction, resulting 
in a decrease in portal blood flow. As a result of the increase in 
systemic vascular resistance, systemic arterial blood pressure may 
increase. The reduction in splanchnic blood flow decreases portal 
pressure by approximately 20%, even with a single dose of terli- 
pressin. The portal pressure drops between 15 and 30 minutes 
following administration, and the reduction lasts for approxi- 
mately 4 hours. The overall efficacy of terlipressin in controlling 
variceal bleeding is approximately 75% to 80%, especially when 
administered early. Meta-analysis suggests a decrease in mortality 
compared with a placebo (relative risk 0.66, 95% confidence 
interval, 0.49-0.88).*° Because terlipressin is the only vasoactive 
treatment that has been shown to decrease mortality after variceal 
bleeding, and can improve renal function, it is the agent most 
frequently recommended for the control of acute bleeding. Terli- 
pressin is administered in an initial dose of 2 mg intravenously 
every 4 hours. After bleeding is controlled, it may be administered 
at a lower dose of 1 mg every 4 hours for up to 5 days. Side effects 
of terlipressin are similar to those with vasopressin and include 
myocardial and intestinal ischemia, but are less common. Terli- 
pressin is not currently available in the United States. 


Somatostatin Analogs 

Somatostatin is a 14-amino acid peptide, which works through 
somatostatin receptors. Because somatostatin has a half-life of less 
than 3 minutes, longer-acting analogs of somatostatin such as 
octreotide, lanreotide, and vapreotide have been synthesized. 
Somatostatin and its analogs decrease portal pressure by inhibiting 
the glucagon-mediated postprandial increase in portal blood flow. 
The usual dose of somatostatin is 250 Ug as a bolus followed by 
an infusion of 250 ug/hr for 5 days. Octreotide is given in a bolus 
of 50 ug followed by an infusion of 25 to 50 Ug/hr. The circulat- 
ing half-life of octreotide is 80 to 120 minutes, but it does not 
have a prolonged affect in reducing portal pressure. 

There is no clear evidence that somatostatin and its analogs are 
superior to placebo in the control of variceal bleeding. Some 
studies demonstrate that somatostatin or octreotide may be equiv- 
alent to sclerotherapy or terlipressin in the control of acute variceal 
bleeding. A well-conducted study showed the early administration 
of vapreotide to be associated with better control of variceal bleed- 
ing, but without a reduction in the mortality rate.*” More recently, 
there was no difference demonstrated among terlipressin, soma- 
tostatin, and octreotide in the control of acute gastroesophageal 
variceal hemorrhage.”® 


B-Adrenergic Blocking Drugs 

Nonselective B-blockers have been used extensively in the preven- 
tion of variceal bleeding. Only nonselective B-blockers should be 
administered because B,-blockade alone decreases only cardiac 
output, whereas B,-blockade inhibits splanchnic vasodilatation. 


The result of B,-blockade is decreased portal blood flow, which 


reduces portal pressure. The nonselective B-blockers available are 
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nadolol, propranolol, and timolol. Timolol needs to be adminis- 
tered four times a day and is not widely used in clinical practice. 
Nadolol is preferred to propranolol because it is less lipid soluble 
and is excreted mainly through the kidney. The decreased lipid 
solubility of nadolol probably results in fewer central side effects, 
such as depression and nightmares. B-Blockers are most effective 
when they reduce the HVPG to below 12 mm Hg, or by 20% 
from the baseline. Ideally, monitoring of the HVPG in patients 
on nonselective B-blockers is required, but is not widely carried 
out in clinical practice. The acute hemodynamic response to 
B-blockers can be used to predict the long-term risk of first bleed- 
ing: an HVPG reduction greater than 10% from baseline is the 
best target to define response in primary prophylaxis.” 

When B-blockers are administered, a long-acting agent is pref- 
erable. The goal of treatment has traditionally been to reduce the 
resting heart rate to between 55 and 60 beats/min, or by 25% 
from the baseline. The heart rate decrease reflects only blockade 
of the B,-receptor, whereas the B-blockade effect of decreasing 
portal blood flow may be more important in decreasing portal 
pressure. As long as there are no side effects, the dose of B-blockers 
may be increased every 3 to 5 days until a maximum tolerated 
dose is reached. The usual starting dose of propranolol is 60 mg 
once daily as a long-acting preparation, whereas nadolol is started 
at a dose of 40 mg once a day. In frail and older patients, especially 
older women with PBC, the starting dose of nadolol may be 20 
mg once a day. The median maximum tolerated dose is approxi- 
mately 80 mg for both long-acting propranolol and nadolol. 

Approximately 15% of patients have contraindications to 
B-blocker use, including congestive heart failure, severe bronchial 
asthma, or severe chronic obstructive pulmonary disease, advanced 
heart blocks, as well as severe aortic stenosis and peripheral vas- 
cular disease. Side effects that limit use of B-blockers are mainly 
fatigue, lightheadedness, nightmares, and erectile dysfunction.” 


Combined a- and B-Adrenergic Blockers 

Carvedilol is a nonselective B-blocker which, in addition, has 
alpha vasodilatory effects by blockade of the O-receptor. Blockade 
of the Ot-receptor decreases intrahepatic vascular resistance, which 
results in a decrease in portal pressure. Carvedilol has, in addition, 
antioxidant, and antiproliferative effects. A randomized controlled 
trial demonstrated a possible benefit for carvedilol over endo- 
scopic variceal ligation in the prevention of first variceal bleed.” 
In that study, among 152 patients with cirrhosis who were ran- 
domized to either carvedilol 12.5 mg once daily or endoscopic 
variceal ligation performed every 2 weeks, there was a lower rate 
of first variceal bleeding with carvedilol (10% vs. 23%) without 
a significant decrease in overall or bleed related mortality. The 
study did not clearly demonstrate that the reduction in bleeding 
was related to a decrease in portal pressure because HVPG was 
not measured. It is possible that carvedilol looked promising 
because of the unusually high rate of bleeding in the variceal liga- 
tion group.” In fact, more recent studies show that carvedilol is 
not superior to variceal ligation in the prevention of variceal 
rebleeding but there is a suggestion that there is improved survival 
in patients on carvedilol as compared to those undergoing variceal 
ligation.” 


Nitrates 

Both short-acting nitrates such as nitroglycerin and long-acting 
nitrates such as isosorbide mononitrate have been used in the 
treatment of portal hypertension—related bleeding. Even though 
these agents were thought to decrease intrahepatic resistance, they 
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act mainly by causing venodilation. The hypotension that the 
nitrates cause by venodilatation results in reflex splanchnic vaso- 
constriction, which decreases portal flow and reduces portal 
pressure. The experience with nitrates is far greater in Europe. 
In clinical practice within the United States, it is common for 
patients to be intolerant of nitrates long-term because of side 
effects of headaches, dizziness, and hypotension. The only long- 
acting nitrate that has been adequately studied for the prevention 
of variceal bleeding is isosorbide mononitrate. Nitrates are not 
used either alone or in combination with a B-blocker for primary 
prophylaxis against variceal bleeding. Isosorbide mononitrate is, 
however, used to prevent variceal rebleeding in combination with 
a B-blocker, if B-blockers alone have not decreased the HVPG to 
target levels. 


Drugs That Decrease Intrahepatic Vascular Resistance 


An ideal drug to reduce portal pressure would be one that decreases 
intravascular resistance without compromising splanchnic blood 
flow or worsening systemic vasodilation. Potential agents that 
have been tried include the 0,-adrenergic blocker, prazosin; the 
combined o- and B-blocker carvedilol; angiotensin-2 receptor 
type 1 antagonist, losartan; endothelin receptor blockers; and liver 
selective NO donors. Long-term administration of prazosin has 
been associated with an increased risk of sodium retention and 
ascites. Neither losartan nor the angiotensin-2 receptor antago- 
nist, irbesartan, have been clinically effective, and may worsen 
renal function.” Verapamil, the calcium receptor antagonist, has 
been associated with a decrease in the HVPG by approximately 
14% with few systemic hemodynamic effects when used in 
patients with cirrhosis. The serotonin antagonist, ketanserin, has 
been used in only a small number of patients with reduction in 
the HVPG. Simvastatin may decrease intrahepatic resistance 
while maintaining hepatic blood flow and decreasing portal pres- 
sure, and should be the subject of future studies in the prevention 
of variceal bleeding.” 

Endothelin-1 is a potential target to decrease portal pressure. 
However, administration of endothelin antagonists has been asso- 
ciated with a decrease in systemic blood pressure, which could 
worsen renal function. Thus, at the current time, there are no 
pharmacologic agents that can be used in clinical practice that 
decrease portal pressure predominantly by decreasing intrahepatic 
vascular resistance. 


Endoscopic Therapy 


The only modality that can be used for the entire spectrum of 
primary prevention of variceal bleeding, control of acute variceal 
bleeding, and prevention of variceal rebleeding is endoscopic 
therapy. 


Sclerotherapy 

The sclerotherapy technique involves intravariceal or paravariceal 
injection of a sclerosing agent, such as sodium tetradecyl sulfate, 
ethanolamine oleate, or sodium morrhuate. Because of the diff- 
culty in determining whether an injection is intravariceal or para- 
variceal, most patients probably receive a combination of both 
paravariceal and intravariceal injections. Varices are injected in the 
lower third of the esophagus. Repeat injections are carried out at 
1- to 4-week intervals until the varices are obliterated. Injection 
of varices at weekly intervals results in quicker obliteration of the 
varices, but a higher risk of sclerotherapy ulcers. Endoscopic 
sclerotherapy is seldom used nowadays except in the control of 
acute variceal bleeding when the presence of a large amount of 


blood in the esophagus prevents adequate visualization of the 
varix. Side effects of endoscopic sclerotherapy include ulceration 
with bleeding, strictures, and perforation. Both proton pump 
inhibitors and sucralfate may decrease the risk of variceal sclero- 
therapy ulcer-related bleeding. Postsclerotherapy dysphagia is due 
to a combination of stenosis and esophageal dysmotility. Post- 
sclerotherapy strictures respond well to esophageal dilation. 


Endoscopic Variceal Ligation 

Endoscopic variceal ligation involves suctioning of the varix into 
a device at the tip of the endoscope, and application of rubber 
bands around the varix (Fig. 16-24). An overtube is no longer 
required with the advent of multiband ligators. The plastic device 
that holds the rubber bands is now transparent, which allows 
better visualization of the varix. Complications of endoscopic 
variceal ligation are less severe than following sclerotherapy, but 
include post-banding ulcers, hemorrhage, and esophageal stric- 
tures. Endoscopic variceal ligation is the preferred endoscopic 
therapy of esophageal varices. 


Cyanoacrylate Glue Injection 

Gastric varices may be obliterated by injection of polymers of 
cyanoacrylate. The cyanoacrylate most widely used worldwide is 
N-butyl-2-cyanoacrylate. This adhesive is not currently freely 
available within the United States. Within the United States, 
2-octyl-cyanoacrylate, which is approved by the U.S. Food and 
Drug Administration for cutaneous wound closure, has been used 
“off label” for obturation of bleeding gastric varices.” It has a 
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longer polymerization time than butyl cyanoacrylate due to a 
longer ester side chain and is, hence, used undiluted. The N-butyl- 
2-cyanoacrylate has to be diluted with Lipiodol to delay poly- 
merization. Cyanoacrylates polymerize rapidly upon contact with 
weak bases such as blood. When injected intravascularly, cyano- 
acrylates solidify and form a cast of the vessel. Subtotal occlusion 
is immediate, whereas total occlusion occurs within hours. A 
prominent eosinophilic inflammation is seen in animal studies 
within the first day with tissue necrosis occurring by approxi- 
mately the seventh day. The glue cast may either be extruded or 
remain in situ for months or years. 

Glue therapy is used to control acute gastric variceal bleeding 
from isolated gastric varices or type 2 gastroesophageal varices. 
There are insufficient data to recommend the use of glue for 
prophylactic therapy to prevent gastric variceal bleeding. Glue 
injection is avoided in the presence of known large spontaneous 
splenorenal shunts because of the concern for risk of pulmonary 
embolization. With hepatopulmonary syndrome or intracardiac 
shunts, there is a risk of cerebral embolism. 


Detachable Snares and Clips 

There are a few reports of use of detachable snares for treatment 
of gastric varices. Detachable snares, available in varying diame- 
ters, have typically been used in the treatment of large polyps in 
the colon. Because detachable snares have “tails,” they can inter- 
fere with visualization at endoscopy. Furthermore, traction of the 
varix during detachment of the snare can cause the varix to tear 
with an increase in bleeding. 


A 


e Fig. 16-24 Endoscopic images of actively bleeding esophageal varix (A, arrow), process of variceal 


ligation (B, arrow), and following ligation (C). 
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There have been small studies have been carried out for the 
treatment of esophageal varices, as well as gastric varices with 
detachable snares. The data suggest that the snares are technically 
difficult to apply; thus there is a concern about widespread use. 
Snares are clearly not superior to endoscopic variceal ligation in 
the treatment of esophageal varices. There could be a potential 
role for detachable snares in the treatment of gastric varices, but 
the safety of this device should be demonstrated before detachable 
snares can be widely studied. Clips have also been used to treat 
large varices, especially at ectopic sites. Other than case reports or 
small series, the experience with this device is very limited and, 
again, widespread use in the treatment of variceal bleeding is not 
recommended. 


Radiologic Procedures 


Transjugular Intrahepatic Portosystemic Shunts (TIPS) 

TIPS are currently used mainly for prevention of variceal rebleed- 
ing, but are also used in the control of refractory acute variceal 
bleeding.” 

A TIPS, which is created by interventional radiologists, is the 
most effective way of rapidly reducing resistance to portal blood 
flow, thereby decreasing portal pressure. A TIPS is effectively a 
side-to-side portocaval shunt that is used to treat not only 
bleeding-related complications of portal hypertension but also 
refractory ascites, hepatic hydrothorax, hepatorenal syndrome, 
and Budd-Chiari syndrome. 

The goal of treatment with a TIPS is to reduce the portocaval 
pressure gradient (i.e., the difference in pressure between the portal 
vein and the inferior vena cava at the confluence of the hepatic 
veins) to below 12 mm Hg. Nowadays a covered stent (Viatorr, 
Gore, Flagstaff, AZ, USA) is used to bridge the tract between the 
portal vein and hepatic vein, usually from the right hepatic vein to 
the right portal vein. The uncovered portion of the stent anchors 
to the portal vein, whereas the polytetrafluoroethylene-covered 
portion lines the tract in the hepatic parenchyma. The major 
advantage of covered stents is that the frequency of shunt stenosis 
is reduced.” TIPS can be successfully placed by an interventional 
radiologist in 95% to 98% of cases. Procedure-related mortality 
is usually 1% to 2% and is related to intraabdominal bleeding 
or pulmonary edema. The major long-term complications of the 
procedure include shunt occlusion and hepatic encephalopathy.”® 
Pulmonary hypertension may also occur post TIPS. 

TIPS is typically used in the prevention of variceal rebleeding 
when endoscopic and pharmacologic therapies have failed. TIPS 
can be used as salvage therapy to control acute variceal bleeding 
when two sessions of endoscopic treatment within a 24-hour 
period have failed to control the bleeding. Emergency TIPS in 
such situations is clearly associated with a high mortality rate; 
30-day mortality rates may be as high as 44%. Early TIPS, within 
24 to 48 hours of control of bleeding, may consequently be rec- 
ommended in patients at high risk of rebleeding (Child-Pugh 
Class C, or Child-Pugh Class B with active bleeding at initial 
endoscopy).” TIPS is also successful in better controlling and 
preventing gastric variceal bleeding. Meta-analysis of the 12 ran- 
domized control trials that have compared TIPS with endoscopic 
therapy have not demonstrated any survival benefit with TIPS. 
However, the rate of rebleeding is lower in patients treated with 
TIPS but the frequency of encephalopathy is higher. 

Ultrasound Doppler evaluation approximately every 6 months 
is used to monitor for shunt stenosis, but recurrence of com- 
plications of portal hypertension is a clear indication that the 
TIPS may have stenosed. Recurrence of portal hypertension 
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complications or demonstration of stent stenosis on ultrasound 
warrants venography of the shunt and measurement of the por- 
tocaval pressure gradient. A portocaval pressure gradient greater 
than 12 mm Hg indicates shunt stenosis which is treated by 
angioplasty or with an additional stent. If hepatic encephalopathy 
is refractory post-TIPS, shunt reduction may be considered. 
Patients with a serum bilirubin greater than 3 mg/dL, especially 
if they have had previous hepatic encephalopathy, and an ALT 
greater than 100 U/L, and patients with a high Child-Turcotte- 
Pugh score are at a greater risk of mortality following TIPS. The 
Model for End-stage Liver Disease (MELD) was originally created 
from data obtained from patients undergoing TIPS. Those patients 
with a MELD score of 14 or less have an excellent survival rate 
post-TIPS, whereas those with a score greater than 24 have mor- 
tality rates approaching 30% at 3 months.'°”'°! 


Balloon-Occluded Retrograde Transvenous 

Obliteration of Varices (BRTO) 

BRTO is a suitable treatment option for embolization of gastric 
varices and has also been used as a treatment option for refractory 
hepatic encephalopathy secondary to spontaneous splenorenal 
shunts. This procedure is only possible in patients with splenore- 
nal shunts, which are visualized on CT angiography. A transfemo- 
ral route is used to access the left renal vein and then the gastrorenal 
shunt.’ After the outflow vein of the shunt is occluded with a 
balloon, the varices can be injected with ethanolamine oleate or 
are coil embolized. HVPG, ascites, and splenomegaly can be 
ageravated following this procedure but, typically, there are no 
long-term problems. There is limited experience with this proce- 
dure and the long-term durability is uncertain. 


Balloon Tamponade 

Approximately 10% of patients with an acute variceal bleeding 
are refractory to pharmacologic and endoscopic treatment. 
Balloon tamponade is used as a temporizing measure in these 
patients until TIPS can be carried out. Tamponade by a balloon 
is possible because the varices are superficial and thin-walled and 
the flow of blood is via submucosal vessels in the fundus of the 
stomach to the esophageal varices. Tamponade of either gastric or 
esophageal varices is appropriate and carried out by inflating a 
balloon either in the stomach or the esophagus, although inflation 
of the gastric balloon alone is preferred. The Sengstaken-Blakemore 
tube is a triple lumen tube, with one tube used for aspirating 
gastric contents; another leads to a gastric balloon with 200 to 
400 mL in volume; and the third leads to an esophageal balloon. 
The Minnesota tube is a modification of the Sengstaken-Blakemore 
tube in that the gastric balloon is larger (500 mL) and there is an 
additional lumen for esophageal aspiration. The Linton-Nachlas 
tube has a 600-mL gastric balloon with lumens for aspirating both 
the stomach and esophagus. Balloon tamponade can control 
bleeding for up to 24 hours in approximately 90% of patients. In 
expert hands, the risk of pulmonary aspiration is low if endotra- 
cheal intubation precedes placement of the balloon. Inflation of 
the esophageal balloon should be avoided as much as possible, 
and instead attempts should be made to control bleeding by 
appropriate repositioning and traction on the gastric balloon. 


Esophageal Stents 

Self-expandable esophageal stents may be placed into the esopha- 
gus over a guidewire without the need for endoscopic or radiologic 
guidance to control bleeding. After passage of the device, the 
gastric balloon is inflated and pulled back till it is snug in the 


fundus. The stent is then deployed, the gastric balloon deflated 
and withdrawn. Endoscopic confirmation of proper placement of 
the stent and control of bleeding is then carried out. The advan- 
tage of esophageal stents over balloon tamponade is that less 
expertise is required and the risk for pulmonary aspiration is 
reduced. Initial results from uncontrolled studies are promising, 
and results of a study comparing esophageal stents with balloon 
tamponade are awaited.” 


Surgical Management of Portal Hypertension 
The surgical procedures for managing portal hypertension fall into 
the following broad groups: 
1. Decompressive shunts 

e total 

e selective 

e partial 
2. Nonshunt procedures 
3. Mesenterico—portal venous bypass 
4. Liver transplantation 

Esophageal transaction, a nonshunt procedure, was previously 
used to control acute variceal bleeding but is seldom used nowa- 
days. Devascularization procedures are carried out when a suitable 
vein is not available for shunting. Neither the nonshunt proce- 
dures nor liver transplantation will be discussed in this chapter. 


Decompressive Shunts 

The difference between total, partial, and selective shunts depends 
on which portions of the portal and superior mesenteric venous 
systems are decompressed (Fig. 16-25). In total portosystemic 
shunts, the entire portal venous system is decompressed and there 
is a significant loss to the liver of portal blood flow. In partial 
shunts, the varices are decompressed while maintaining some 
portal blood flow to the liver. Selective shunts decompress the 
spleen and gastroesophageal junction, but the portal and mesen- 
teric venous systems are not decompressed. Portal hypertension is 
thus maintained while allowing antegrade hepatic blood flow. 


Portocaval Shunts 

The end-to-side and side-to-side portocaval shunts are total 
shunts, but only side-to-side shunts are currently used. The side- 
to-side portocaval shunt is used to reduce portal pressure and to 
allow hepatic venous outflow in patients with Budd-Chiari syn- 
drome. A side-to-side portocaval shunt greater than 12 mm in 
diameter results in total shunting of portal blood flow away from 
the liver. Such side-to-side portocaval shunts are an excellent way 
of treating variceal bleeding and controlling ascites at the same 
time because the hepatic sinusoids are decompressed. Following 
a side-to-side portocaval shunt, fewer than 10% of patients have 
recurrent variceal bleeding, but hepatic encephalopathy is seen in 
greater than 30% to 40% of patients. Moreover, when such 
patients undergo liver transplantation, there is an increased risk 
of operative morbidity and the requirement of transfusions. 
Therefore surgical portocaval shunts are best avoided in patients 
who are candidates for liver transplantation. 


Selective Shunts 

The Warren or distal splenorenal shunt (DSRS) is the most widely 
used of the surgical shunts for the treatment of variceal bleeding. 
The surgical procedure aims at decompressing the spleen (see Fig. 
16-25£) and varices at the gastroesophageal junction, whereas 
portal hypertension is maintained in other portions of the portal 
venous system. Following a distal splenorenal shunt, rebleeding 
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rates are between 5% and 7% and hospital mortality is less than 
10%. However, ascites persists because the hepatic sinusoids are 
not decompressed. Portoazygous disconnection, mobilization of 
the entire length of the pancreas, and ligation of the left adrenal 
vein is required before anastomosis between the splenic vein and 
the left renal vein is carried out to allow adequate decompression 
of the gastroesophageal junction. 


Partial Portosystemic Shunts 

When a synthetic 8-mm diameter interposition graft is used 
between the portal vein and the inferior vena cava, portal pressure 
can be reduced while allowing some antegrade blood flow to the 
liver. Rebleeding and encephalopathy rates following creation of 
partial portosystemic shunts are similar to those with a distal 
splenorenal shunt, but ascites may persist because the hepatic 
sinusoidal pressure is not reduced. 

Two large studies have compared surgical shunts to TIPS in 
the prevention of rebleeding in patients who have failed endo- 
scopic and pharmacologic therapy. In a non-randomized trial 
which compared TIPS with surgical 8-mm portocaval H inter- 
positions grafts shunts, there was a benefit to surgical shunts 
compared to TIPS. Forty-six percent of these patients were of 
Child-Pugh Class C.'°* In a well-conducted, randomized study 
carried out in patients with Child-Pugh Class A or B cirrhosis, 
the DSRS was compared with TIPS. The rebleeding rates were 
not significantly different (5.5% in the DSRS group and 10.5% 
in the TIPS group) and neither was there any difference in survival 
rate or the incidence of hepatic encephalopathy between the two 
groups.” The costs were higher in the long term in the TIPS 
group because of the need for surveillance and intervention in the 
presence of shunt stenosis. With the advent of covered stents, 
which have a lower rate of stenosis, the long-term costs of TIPS 
are likely to be reduced. Therefore there is no clear superiority of 
surgical shunts even in patients with Child-Pugh Class A cirrhosis. 
The use of surgical shunts to treat variceal bleeding is declining 
and is best restricted to patients with noncirrhotic disease in 
whom the long-term prognosis is excellent. 


Mensenterico-Portal Venous Bypass 

The mesenterico—left portal venous bypass or Rex shunt is a recently 
described procedure carried out in patients with extrahepatic portal 
vein thrombosis in whom the intrahepatic portion of the portal vein 
is patent. The advantage of this shunt is that portal blood flow is 
restored to the liver, and there is no long-term risk of hepatic 
encephalopathy, or learning disability in children. Typically, a 
jugular vein graft is used to bridge the obstruction in the portal vein 
via an anastomosis from the superior mesenteric vein to the intra- 
hepatic portion of the left portal vein in the Rex recess.'°° The Rex 
recess is in the umbilical fissure where the left portal vein divides 
to supply segments III and IV of the liver. This surgery is probably 
the treatment of choice in children with extrahepatic portal vein 
thrombosis who have complications related to portal hypertension. 
The Rex shunt can also be carried out in patients in whom portal 
vein thrombosis has developed late after liver transplantation. 


Approach to the Patient With Portal 
Hypertension-Related Bleeding 


Esophageal Variceal Bleeding 

Preprimary Prophylaxis of Variceal Bleeding 

Preventing the development of varices in a patient who has been 
diagnosed with cirrhosis is termed preprimary prophylaxis. In 
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e Fig. 16-25 Total portal systemic shunts. A, Normal. B, End-to-side portacaval shunt ligates the portal 
vein at the liver, so it does not decompress the liver sinusoids. C, Side-to-side portacaval shunt (> 10 mm 
diameter) leaves the portal vein intact, so this shunt decompresses the liver and the varices. D, Mesocaval 
shunt requires an interposition graft—either PTFE (Gore-Tex) or autogenous jugular vein—to bridge the 
distance from the SMV to the IVC. Physiologically, this is the same as a side-to-side PCS. Selective variceal 
decompression. E, Distal splenorenal shunt decompresses the gastroesophageal junction and the spleen 
to control bleeding. The splanchnic and portal venous systems maintain hypertension and flow to the liver. 
F, Coronary caval shunt decompresses the gastroesophageal junction via the left gastric vein. Splenectomy 
is also performed. Portal hypertension and prograde portal flow is maintained. 


experimental animal models, nonselective B-blockers can prevent 
or delay the development of collaterals. In a prospective study, 
213 patients with cirrhosis and portal hypertension, but without 
varices, were randomized to treatment with a nonselective 
B-blocker, timolol, or a placebo for a median of 55 months.” In 
that study, the primary endpoint was development of esophageal 
varices or variceal hemorrhage. Unfortunately, the rate of develop- 
ment of varices in the two treatment groups was not different. 
Therefore B-blockers cannot be recommended for prevention of 
development of esophageal varices. A baseline HVPG lower than 
10 mm Hg; and a decrease in HVPG below 10 mm Hg, or a 
decrease of HVPG greater than 10% from baseline on B-blockers 
were independent predictors of remaining free of esophageal 
varices. 


Primary Prophylaxis: Prevention of First Variceal Bleed 

Small Esophageal Varices. Because patients with small varices 
with red signs or Child-Pugh Class C may have a bleeding risk 
similar to those with large varices, two studies addressed the role 
of nonselective B-blockers in these patients. In the French study, 
there was no benefit of propranolol in preventing variceal growth 
or bleeding. '°* On the other hand, an Italian study of 161 patients 
with cirrhosis with small varices showed a lower rate of increase 
in size of the varices in patients on nadolol as compared with a 
placebo." Thus prophylactic therapy with nonselective B-blockers 
may be considered in Child-Pugh Class C patients with small 
esophageal varices, a group at higher risk for variceal bleeding. 

Large Esophageal Varices. Patients with moderate and large 
varices should receive either pharmacologic or endoscopic treat- 
ment to prevent variceal bleeding. Either propranolol or nadolol 
may be used as pharmacologic therapy; in patients with systemic 
hypertension or coronary artery disease carvedilol may be pre- 
ferred. In patients on pharmacologic treatment, a repeat endos- 
copy is not indicated unless patients are intolerant of treatment 
and require endoscopic variceal ligation; or if they have a variceal 
bleed in which case they require endoscopic treatment for control 
of the bleed. The acute hemodynamic response to B-blockers may 
predict the long-term outcome in patients undergoing primary 
prophylaxis of variceal bleeding.” In this study of 105 patients, 
who were administered propranolol intravenously, HVPG was 
measured before treatment and repeated 20 minutes later. A 
decrease of HVPG greater than 10%, during the acute study, was 
the best predictor of long-term response. Of those who had a 
greater than 10% response, only 4% had a bleed at 24 months. 
Of the nonresponders, 46% had a bleed at 24 months. Approxi- 
mately 25% of patients with large varices may have contraindica- 
tions to nonselective B-blockers, or do not tolerate the drugs. In 
such patients, endoscopic variceal ligation should be considered; 
long-acting nitrates are not recommended. 

Endoscopic variceal ligation is the endoscopic treatment of 
choice for primary prophylaxis. Typically, three to four sessions 
are required before the varices can be obliterated. The interval 
between banding sessions varies between 2 and 4 weeks. Once 
varices are obliterated, repeat endoscopy is carried out every 6 to 
12 months to look for variceal recurrence. 

Meta-analysis of all studies comparing endoscopic variceal liga- 
tion with B-blockers for primary prophylaxis favors endoscopic 
variceal ligation in prevention of bleeding without any difference 
in mortality. If only the four studies with 100 or more patients 
were considered, the superiority of endoscopic variceal ligation 
over B-blockers could not be demonstrated. Only if studies that 
included 62 or fewer patients were included did endoscopic 
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ligation seem superior (Fig. 16-26).”’ Adverse events that warrant 
discontinuation of treatment are more frequent in patients under- 
going B-blocker treatment (mainly fatigue and hypotension), but 
tend to be more severe in patients undergoing endoscopic variceal 
ligation (banding-related ulcers and occasional deaths). Non- 
bleed-related mortality may be lower in patients who receive 


B-blockers.''® 


Control of Acute Esophageal Variceal Bleeding 


General Measures 

The initial step in management of a patient suspected to have 
esophageal variceal bleeding is rapid assessment and correction of 
blood volume status. Because approximately 25% of blood volume 
may be lost without hypotension or tachycardia, determination 
of blood pressure and heart rate must be carried out, both in the 
supine and upright position in a patient who does not have supine 
hypotension. Replacement of blood volume is essential before 
endoscopy is carried out. Upper endoscopy carried out without 
correction of blood volume may fail to identify esophageal varices 
because they may collapse with significant hypotension. While 
blood is being typed and cross-matched, normal saline may be 
used to correct hypotension. Excessive use of saline can result in 
the rapid development of edema and ascites and, if glucose solu- 
tions are used, hyponatremia may develop. The routine measure- 
ment of central blood volume using central venous pressure or 
pulmonary capillary wedge pressure is not essential and, in fact, 
might be misleading. Because of the splanchnic vasodilation, there 
is increased pooling of blood in the splanchnic bed leading to low 
central venous pressure. Correcting central venous pressure or 
pulmonary capillary wedge pressure often results in overcorrection 
of plasma volume. 

The endpoint of red cell transfusion is correction of hypoten- 
sion and orthostatic changes, as well as improving urinary volume. 
A restrictive strategy of transfusing red cells only when the hemo- 
globin drops below 7 g/dL is preferred to a more liberal strategy 
of transfusions when the hemoglobin drops below 9 g/dL. The 
restrictive transfusion strategy is associated with a lower risk of 
mortality especially in patients with Child-Pugh Class A and B 
cirrhosis.''’ Overtransfusion may increase portal pressure and the 
risk of variceal rebleeding. 

The current mortality at 6 weeks following esophageal variceal 
hemorrhage is approximately 15%. Though it is not entirely clear 
exactly which intervention has accounted for the markedly 
decreased mortality from 50% approximately two decades ago, 
prophylactic antibiotics are certainly a major contributory factor. 
Bacterial infections are common in patients with cirrhosis and 
approximately 20% of patients who have a variceal bleed have 
either pneumonia, spontaneous bacterial peritonitis, or a urinary 
tract infection. Without antibiotics approximately 50% of patients 
with variceal bleeding are infected within 1 week. Therefore anti- 
biotics should be administered to all patients with variceal bleed- 
ing irrespective of whether they have ascites or not.''” The preferred 
antibiotic is norfloxacin 400 mg twice daily for 7 days. However, 
other options include ciprofloxacin, 400 mg every 12 hours; levo- 
floxacin, 500 mg every 24 hours; or ceftriaxone, 1 g every 24 
hours for a total of 7 days. In patients with advanced cirrhosis 
and in those on norfloxacin prophylaxis, ceftriaxone is preferred 
over norfloxacin." 

Because patients with cirrhosis have a coagulopathy and factor 
VII-A can normalize the coagulopathy even during bleeding, 
administration of recombinant factor VII-A has been studied in 
the control of variceal bleeding. Trials have evaluated the role of 
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EBL B-blockers 
n/N n/N 
A. Published studies with 2100 patients 
Lui 2002 3/44 9/66 
Lo 2004 8/50 13/50 
Schepke 2004 19/75 22/77 
Lay 2006 11/50 12/50 
Tripathi 2009 17/75 8/77 
Subtotal (95% Cl) 294 320 


Total events: 58 (EBL), 64 (B-blockers) 
Test for heterogeneity: Chi’ = 6.65, df = 4(p = 0.16), I2 = 39.8% 


B. Published studies with <100 patients 


De 1999 2/15 1/15 
Sarin 1999 4/45 12/44 
Juthaba 2005 0/31 4/31 
Psilopoulus 2005 2/30 9/30 
Thuluvath 2005 2/16 1/15 
Norberto 2007 2/31 3/31 

Subtotal (95% Cl) 168 166 
Total events: 12 (EBL), 30 (B-blockers) 

Test for heterogeneity: Chi’ = 5.50, df = 5(p = 0.36), 1? = 9.2% 

C. Abstracts 

Chen 1998 1/26 2/28 
Song 2000 6/31 7/30 
de la Mora 2000 1/12 2/12 
Gheorge 2002 3/25 13/28 
Drastich 2005 2/40 3/33 
Abdelfattah 2006 4/51 13/53 

Subtotal (95% Cl) 185 183 
Total events: 17 (EBL), 40 (B-blockers) 

Test for heterogeneity: Chi’ = 3.02, df = 5(p = 0.70), 1? = 0% 

D. Total 

Subtotal (95% Cl) 647 669 


Total events: 87 (EBL), 134 (B-blockers) 
Test for heterogeneity: Chi = 23.02, df = 16(p = 0.11), I2 = 30.9% 
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RR (random) 
95% Cl 


RR (random) 
95% Cl 


0.50 [0.14, 1.74] 
0.62 [0.28, 1.35] 
0.89 [0.52, 1.50] 
0.92 [0.45, 1.88] 
2.18 [1.00, 4.75] 
0.94 [0.61, 1.45] 


p=0.78 


2.00 [0.20, 19.78] 
0.33 [0.11, 0.93] 
0.11 [0.01, 1.98] 
0.22 [0.05, 0.94] 
1.88 [0.19, 18.60] 
0.67 [0.12, 3.72] 
0.44 [0.21, 0.91] 


p=0.03 


0.54 [0.05, 5.59] 
0.83 [0.32, 2.18] 
0.50 [0.05, 4.81] 
0.26 [0.08, 0.80] 
0.55 [0.10, 3.10] 
0.31 [0.11, 0.90] 
0.45 [0.26, 0.77] 


p = 0.004 


0.65 [0.46, 0.92] 
p= 0.01 


0.01 0:1 1 10 100 
Favors EBL Favors beta-blockers 


e Fig. 16-26 Meta-analyses of randomized controlled studies comparing endoscopic variceal ligation 
(EBL) with B-blockers (BB) in the prevention of variceal bleeding. The meta-analyses favors EBL (lower 
risk of bleeding) when all studies are included; however, if only studies that included more than 100 
patients are included, there is no statistically significant benefit of one treatment over the other. (Modified 
from Bosch J, Garcia-Tsao G. Pharmacologic versus endoscopic therapy in the prevention of variceal 
hemorrhage: and the winner is. Hepatology 2009;50:674-677.) 


recombinant factor VII-A as adjuvant therapy to endoscopic and 
vasoactive treatment. Unfortunately, there was no benefit noted 
in control of the bleeding or rebleeding within the first 5 days. 
There was only a decrease in 42-day mortality in patients admin- 
istered factor VII-A." In addition, a major drawback of the 
treatment is a potential increased risk of arterial thromboembolic 
events. ° Given the exorbitant cost of factor VII-A, lack of dem- 
onstrated efficacy, and potential for thromboembolic disease, 
routine administration of recombinant factor VII-A as first-line 
treatment in the control of acute variceal bleeding is not 
recommended. 


Specific Measures 

A combination of pharmacologic therapy and endoscopic therapy 
is superior to either treatment alone in controlling variceal bleed- 
ing. The vasoactive agent should be started as early as possible, 
even as the patient is being brought by ambulance to the hospital. 


There are several vasoactive agents used, and the choice of treat- 
ment depends largely on availability. Terlipressin is the first choice 
in many centers in Europe and elsewhere because of evidence of 
improved survival rate associated with its use in controlling esoph- 
ageal variceal bleeding. In the United States, octreotide is the 
agent used most commonly because terlipressin is not currently 
available. To prevent early rebleeding, pharmacologic treatment is 
continued for up to 5 days. 

Endoscopic therapy should be initiated after the patient is 
hemodynamically stable, has had endotracheal intubation if there 
is active bleeding, and vasoactive agents have been infused for 
at least 30 minutes. At upper endoscopy, active bleeding from 
esophageal varices is confirmed: if active bleeding from a varix 
is noted (see Fig. 16-24); if there is a white fibrin plug or blood 
clot over a varix, especially if blood is noted in the stomach; 
or if there are varices noted with high-risk stigmata, such as a 
red wale sign. If varices are noted in the absence of any other 


lesion, then varices are the presumed source of the gastrointestinal 
bleeding. 

Esophageal variceal ligation is carried out starting with the 
varix at or immediately below the bleeding site. No attempt 
should be made to band varices distal to the site of initial banding 
because this may cause dislodgement of the band. Additional 
varices may be ligated during the same session, proximal to the 
initial ligation, in a spiral fashion at approximately 2-cm intervals. 
In some patients, a large amount of blood in the lower esopha- 
gus can obscure visualization. In these patients, variceal ligation 
or sclerotherapy can be carried out blindly. Unfortunately, in 
these patients, there is a higher long-term risk of esophageal 
strictures. 

Patients with acute variceal bleeding but without active bleed- 
ing at endoscopy have a lower risk of rebleeding within 5 days if 
endoscopic ligation is combined with terlipressin.''® Failure to 
control bleeding is best defined as bleeding that results in death 
or requires change in management as determined by fresh 
hematemesis, shock, or a drop in hemoglobin of greater than 3g/ 
dL within a 24-hour period.'"’ According to this definition, bleed- 
ing cannot be controlled in approximately 10% to 20 % of 
patients despite two sessions of endoscopic treatment within a 
24-hour period. In such patients, TIPS should be carried out, but 
the mortality rate in patients undergoing an emergency TIPS is 
higher than in patients undergoing an elective TIPS. Until such 
time that a TIPS can be carried out, balloon tamponade is used 
to control the bleeding. In the future, an expandable esophageal 
stent might be used as a temporizing measure instead of balloon 
tamponade. 

A MELD-based model may accurately predict mortality among 
patients with variceal bleeding." A MELD score of 20 or higher 
identifies patients who have greater than 20% mortality at 6 
weeks, whereas patients with a MELD score less than 10 have an 
approximately 5 % mortality risk. Thus, early TIPS within 24 to 
48 hours of control of bleeding may be considered in patients 
with MELD greater than 20; and dismissal from hospital earlier 
than 5 days in patients with MELD less than 10. Early TIPS is 
also recommended in patients at high risk of rebleeding (Child- 
Pugh Class C, or Child-Pugh Class B with active bleeding at 
initial endoscopy. Patients with HCC and variceal bleeding have 
worse prognosis than patients with variceal bleeding without 
HCC. Secondary prophylaxis may offer survival benefit in patients 
with HCC.” 


Secondary Prophylaxis: Prevention of Recurrent 
Esophageal Variceal Bleeding 

All patients who have had esophageal variceal bleeding should 
receive treatment to prevent recurrent variceal bleeding. In the 
absence of such measures, up to 60% of these patients might have 
a rebleed in 1 year. The mainstays of treatment for secondary 
prophylaxis of esophageal variceal bleeding are pharmacologic 
treatment with nonselective B-blockers and/or endoscopic variceal 
ligation. Nonselective B-blockers have often been the first line of 
treatment. Meta-analysis have demonstrated a significant benefit 
in preventing rebleeding in patients on B-blockers with an approx- 
imately 20% lower risk of bleeding and 10% lower risk of bleed- 
related mortality.” The number of patients who need to be 
treated to prevent an episode of rebleeding is 5, and the number 
needed to prevent death is 14. There has been no significant 
difference in either prevention of rebleeding or reduction in 
mortality between patients on B-blockers and those treated with 
endoscopic variceal sclerotherapy. A combination of isosorbide 
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mononitrate with nadolol has been shown to be superior to endo- 
scopic sclerotherapy alone.'*’ Meta-analysis comparing a combi- 
nation of nonselective B-blockers and isosorbide mononitrate 
against endoscopic variceal ligation alone shows no significant 
difference in rebleeding or mortality. However, a combination of 
endoscopic variceal ligation and pharmacologic treatment is the 
best modality to prevent variceal rebleeding in patients with cir- 
thosis.'” This meta-analysis of 23 trials, which included 1860 
patients, showed a combination therapy with endoscopic variceal 
ligation and B-blockers reduced overall rebleeding more than 
endoscopic therapy alone (pooled relative risk 0.68 [95% 0.52- 
0.89]), or B-blocker therapy alone (pooled relative risk 0.71 [0.59- 
0.86]). Combination therapy, however, is not associated with 
reduction in mortality as compared with endoscopic therapy 
(pooled odds ratio 0.78 [0.58-1.07]), or drug therapy (pooled 
odds ratio 0.70 [0.46-1.06]).'7° 

If patients have rebleeding on maximal treatment with 
B-blockers alone, then endoscopic variceal ligation should be 
added. Similarly, if patients have been only receiving endoscopic 
variceal ligation and have variceal rebleeding, then B-blockers 
should be added. If, however, variceal bleeding occurs despite 
of combined treatment with endoscopic variceal ligation and 
B-blockers, then a TIPS is considered. Patients who have their 
first episode of variceal bleeding while on primary prophylaxis 
with a B-blocker have an increased risk of further bleeding and 
death even when endoscopic band ligation is added.' These 
patients possibly also require early TIPS. 

Patients with an HVPG greater than 20 mm Hg have an 
inferior response to both B-blockers and endoscopic variceal liga- 
tion. In these patients too, TIPS may be considered early after 
control of the variceal bleed. When TIPS has been compared with 
either sclerotherapy or variceal ligation for secondary prophylaxis, 
the rebleeding rates with TIPS have been 9% to 23%; with endo- 
scopic treatment, 21% to 66%. Thus TIPS is superior to endo- 
scopic treatment in the prevention of variceal rebleeding. Similarly, 
a combination of propranolol and isosorbide mononitrate was 
inferior to TIPS in the prevention of rebleeding. However, TIPS 
was associated consistently with a higher risk of hepatic encepha- 
lopathy without any survival benefit. Consequently, TIPS cannot 
be recommended as the first choice of therapy in the prevention 
of variceal rebleeding except in patients at high risk for rebleeding 
(MELD score > 20; HVPG > 20 mm Hg; Child-Pugh Class C; 
Child-Pugh B with active bleeding). Surgical portosystemic shunts 
are seldom required for patients with cirrhosis, but are recom- 
mended in patients with noncirrhotic portal hypertension to 
prevent recurrent variceal bleeding when pharmacologic and 
endoscopic therapy has failed. 


Gastric Varices 

There have been no randomized controlled studies that have 
addressed the role of primary prophylaxis to prevent gastric vari- 
ceal hemorrhage. In the absence of data, current recommenda- 
tions are to use B-blockers to prevent bleeding in patients with 
large gastric varices. Preliminary data suggest superiority of cya- 
noacrylate obturation of gastric varices over B-blockers to prevent 
the first gastric variceal bleed. When a patient is diagnosed to have 
acutely bleeding gastric varices on endoscopy, obturation of the 
varices with cyanoacrylate glue is the treatment of choice. Initial 
management and resuscitation of these patients is no different 
than in patients with esophageal variceal hemorrhage. Gastric 
variceal hemorrhage is diagnosed when bleeding is noted from a 
gastric varix (Fig. 16-27); if blood is found at the gastroesophageal 
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e Fig. 16-27 Control of gastric variceal bleeding with cyanoacrylate glue injection. A, Actively bleeding 
(pentagon) gastric varix (black arrow) with large amount of blood (arrowhead) pooling in stomach. 
B, Injection (arrow) of bleeding gastric varix. C, Gastric varix after obliteration. Earlier appearance of 
cyanoacrylate casts (arrow). 


junction or fundus in the stomach; a white nipple sign is seen 
over gastric varices; or when gastric varices are noted in the 
absence of any other lesions that could explain upper gastro- 
intestinal bleeding. Standard sclerosing agents are not effective in 
the control of gastric variceal bleeding and are associated with a 
high risk of rebleeding. In a randomized controlled trial, initial 
hemostasis up to 72 hours was achieved in 87% of patients treated 
with cyanoacrylate obturation but in only 45% of patients who 
were banded. There was significantly more rebleeding in the 
banded group (54% vs. 31% in the variceal obturation group).'” 
Reports from within the United States demonstrate a similar level 
of hemostasis when 2-octyl-cyanoacrylate is used. 

If endoscopic variceal obturation is not available, or if rebleed- 
ing occurs despite of variceal obturation, then a TIPS is necessary. 
BRTO of gastric fundal varices may also be carried out in patients 
with spontaneous splenorenal shunts demonstrated on multide- 
tector CT. TIPS can control gastric variceal bleeding in upwards 
of 95% of patients, with rebleeding in approximately 25% of 
patients. Because the control of bleeding and rebleeding rates 
between endoscopic variceal obturation and TIPS are similar, a 
head-to-head comparison of efficacy is necessary to demonstrate 
superiority of one procedure over the other. While patients are 
awaiting placement of an urgent TIPS, a Linton-Nachlas tube 
may be used to control active bleeding from gastric fundal varices. 


The optimal reduction in pressure when a TIPS is used to treat 
gastric variceal bleeding is not clear because bleeding has been 
noted even when the portocaval pressure gradient is less than 12 
mm Hg. Most operators will place TIPS and expand the stent 
until the portocaval pressure gradient is less than 12 mm Hg. Any 
residual gastric varices will then be embolized. 


Portal Hypertensive Gastropathy 
and Gastric Vascular Ectasia 


Severe PHG is associated with iron deficiency anemia and chronic 
gastrointestinal blood loss, though acute variceal bleeding may 
also occur. Acute bleeding is treated with vasoactive agents similar 
to patients with esophageal variceal bleeding. To prevent rebleed- 
ing in patients with iron deficiency anemia, nonselective B-blockers 
are used, usually in combination with iron replacement. However, 
if patients continue to be transfusion-dependent despite iron and 
B-blocker therapy, then TIPS can be carried out with excellent 
results. Thermo-ablative therapy should not be used to treat 


PHG.” 

GVE does not respond to B-blockers or to TIPS. Rather, 
thermo-ablative therapy is required. Such therapy is possible in 
patients with a platelet count greater than 45,000 and an INR 
less than 1.5. There may be increased mucosal bleeding if the 


coagulation parameters are suboptimal. Cryotherapy using liquid 
nitrogen dioxide or liquid carbon dioxide has also been used to 
treat bleeding from GVE lesions, especially when such lesions are 
diffuse.” A combination of estrogen/progesterone oral contra- 
ceptive pills may be used when endoscopic therapy fails. Bleeding 
from GVE usually reverses with liver transplantation. 


Ectopic Varices 


Manifestations of ectopic variceal bleeding include hematemesis 
or melena, but hemobilia, hematuria, and intraperitoneal or ret- 
roperitoneal bleeding also occur. Patients with extrahepatic vein 
obstruction usually bleed from varices at the gastroesophageal 
junction, or in the duodenum. Patients with cirrhosis, on the 
other hand, tend to bleed from sites where surgery has allowed 
the development of ectopic varices, usually peristomal varices. 

Initial control of stomal variceal bleeding is local compression 
of the bleeding site with gauze soaked with a 1: 10,000 epineph- 
rine solution. To prevent rebleeding, patients with stomal varices 
may be treated with ultrasound-guided sclerotherapy of the 
ectopic varices (Fig. 16-28). In addition, transhepatic emboliza- 
tion of the varices may be carried out. TIPS is considered in 
patients in whom embolization fails to prevent rebleeding. It is 
important to note that selective shunts, such as the distal spleno- 
renal shunt, are ineffective in preventing bleeding from stomal 
varices. 

Bleeding from ectopic varices, other than stomal varices, is 
initially treated much the same way as varices at other sites. Endo- 
scopic therapy includes band ligation, glue injection, and applica- 
tion of clips. In addition, surgical ligation may need to be 
considered for refractory bleeding varices, especially when associ- 
ated with intraabdominal hemorrhage. TIPS may not be possible 
when ectopic variceal bleeding is secondary to extensive portal 
and mesenteric vein thrombosis. A surgical portosystemic shunt 
is considered in such situations. 


Conclusion 


Advances in pathophysiology of portal hypertension continue to 
advance treatment of this syndrome. Additionally innovations 
in endoscopic and radiographic procedures along with clinical 
studies comparing treatment options also drive progress. These 
advances are exemplified by reductions in mortality associated 
with portal hypertensive bleeding. However, many gaps remain 
before treatment of portal hypertension and its associated bleed- 
ing are optimized. 
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e Fig. 16-28 Percutaneous ultrasound-guided injection (short arrow) 
of stomal varices (long arrow) being fed by abdominal wall collateral 
(curved arrow). 


SUMMARY 


Recent Progress: Esophageal stents, revised utility algorithm of TIPS 
shunts, evaluation of vasopressin and its analogs, endoscopic and 
radiologic treatments for gastric varices, advances in non invasive 
assessment of portal hypertension 

Key Knowledge Gaps: Artificial liver devices, more accurate non 
invasive assessment of portal hypertension, drug therapies for increased 
intrahepatic resistance, coagulation status and management during portal 
hypertensive bleeding 

Future Directions: Therapies targeting angiogenesis, optimal 
stratification based on clinical variables and personalizing therapy based 
on pharmacogenomics 
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Renal Failure in Cirrhosis 


FLORENCE WONG 


ABBREVIATIONS 


ADQI Acute Dialysis Quality Initiative 

AKI acute kidney injury 

AKIN Acute Kidney Injury Network 

ATN acute tubular necrosis 

C-AKI cirrhosis—acute kidney injury 

CKD chronic kidney disease 

DAMP damage-associated molecular pattern 

GFR glomerular filtration rate 

HRS hepatorenal syndrome 

HRS1 Type 1 hepatorenal syndrome 

HRS2 Type 2 hepatorenal syndrome 

IAC International Ascites Club 

ICU intensive care unit 

MARS molecular adsorbent recirculating system 

MELD Model for End-Stage Liver Disease 

NGAL neutrophil gelatinase—associated lipocalin 

PAMP pathogen-associated molecular pattern 

RIFLE risk, injury, failure, loss of function, and end-stage renal 
disease 

SBP spontaneous bacterial peritonitis 

TIPS transjugular intrahepatic portosystemic stent shunt 

TLR toll-like receptor 

TNF-a tumor necrosis factor o 


Introduction 


Renal dysfunction is a common complication of liver cirrhosis, 
especially in patients with ascites. It is estimated that 20% of cir- 
rhotic patients admitted to hospital have some form of renal 
dysfunction, most cases of which are related to acute renal failure, 
whereas chronic renal failure constitutes only 1% of cases.’ 
Although hepatorenal syndrome (HRS) is often diagnosed in 
patients with cirrhosis whenever renal dysfunction occurs, the 
diagnosis is often incorrect, as HRS is actually a diagnosis of 
exclusion, when all other causes of acute renal failure have been 
excluded.” In fact, the spectrum of renal diseases that can cause 
renal failure in cirrhosis is quite wide, ranging from cases where 
there is structural damage to the kidneys, such as glomerular 
nephritis, to cases where the renal failure is related to hemody- 
namic changes in the kidneys, the so-called functional renal failure 
(Fig. 17-1). Functional renal failure is the predominate cause of 
acute renal failure in decompensated cirrhosis, and its severest 
form is HRS. However, the demarcation between structural 
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damage and functional changes causing renal failure may some- 
times become blurred, as prolonged hypoperfusion of the kidneys 
as is seen in HRS can lead to acute tubular necrosis (ATN). Like- 
wise, patients with underlying chronic renal damage may develop 
superimposed hemodynamic compromise, adding a functional 
component to worsening renal failure. Furthermore, it is increas- 
ingly recognized that many acute cases of functional renal failure 
in cirrhosis do not fulfill the strict diagnostic criteria for HRS. 
Hepatologists are now borrowing various classifications from 
other subspecialties and modifying them for cirrhotic patients so 
that we can define these cases of acute renal failure more appro- 
priately.* Therefore the concept of acute kidney failure in cirrhosis 
is evolving. This chapter will firstly concentrate on acute func- 
tional renal failure, especially with respect to its changing defini- 
tion in cirrhosis. Then the entity of HRS will be discussed in 
detail, especially in relation to the pathophysiology and treatment 
options. Finally, there is a brief discussion of chronic renal disease, 
concentrating on chronic HRS, or Type 2 HRS (HRS2). 


Measurement of Renal Function 


Renal function is traditionally evaluated by measurement of the 
serum creatinine concentration as it is cheap and readily available. 
Creatinine is derived from creatine, which is a metabolic product 
of muscles. The serum creatinine is usually filtered by the glom- 
eruli and then not reabsorbed by the renal tubule, so whatever 
creatinine appears in the urine represents what is being filtered. 
How well the kidneys handle the serum creatinine is usually 
reflected in the creatinine clearance, which is used to indicate the 
glomerular filtration rate (GFR). However, both serum creatinine 
and creatinine clearance measurements are steady-state measure- 
ments, and these can become less precise in the setting of acute 
renal failure. In the case of patients with advanced cirrhosis, the 
production of creatinine from creatine is reduced because of sig- 
nificant muscle wasting in these patients, adding to the inaccuracy 
in the use of serum creatinine concentration as a measure of renal 
function. In addition, as the GFR falls, there is increased creati- 
nine secretion, making the creatinine clearance even more inexact 
as an index of GFR in patients with renal failure.“ It is for these 
reasons that experts and investigators started to explore the use of 
a change in serum creatinine concentration or a change in GFR 
as a measure of renal dysfunction.’ 


The Concept of Acute Kidney Injury 


The term acute kidney injury (AKI) was first used in 1918 to 
describe cases of acute mercury poisoning. It was then forgotten 


for many decades and not used again until it was revived by a 
group of intensive care physicians and nephrologists in 2004 to 
describe cases of acute renal failure.’ They recognized that acute 
renal impairment commonly occurred in multiple settings: the 
intensive care unit (ICU), medical and surgical inpatient wards, 
and even in ambulatory care patients. The most interesting obser- 
vation was that even trivial changes in renal function could be 


Acute Kidney Injury Functional Renal Failure 


Structural 
renal 
disease, 
e.g., ATN 
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e.g., diabetic 
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Chronic Kidney Diseases 


e Fig. 17-1 Spectrum of renal diseases seen in cirrhosis. AKI, Acute 
kidney injury; ATN, acute tubular necrosis; CKD, chronic kidney disease; 
GN, glomerulonephritis; HRS, hepatorenal syndrome. 
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associated with negative patient outcomes.°’ Many of these 
patients would not be recognized as having renal failure, as the 
serum creatinine concentration increase was not high enough, and 
yet these mild increases in serum creatinine concentration were 
sufficient to cause permanent structural renal damage in those 
patients who underwent renal biopsy.*” Therefore acute kidney 
injury (AKI) became the preferred term rather than acute kidney 
failure to describe the changes in renal function in these patients. 
The group that set the impetus for the change in the nomenclature 
was the Acute Dialysis Quality Initiative (ADQI), which is a 
group of academics consisting mostly of nephrologists and inten- 
sive care physicians. Since the initial discussion, there have been 
several changes in the definition of AKI as more knowledge is 
gained in the understanding of the epidemiology, pathophysiol- 
ogy, and clinical features of AKI. 


The RIFLE Diagnostic Criteria 
for Acute Kidney Injury 


The ADQI not only wanted to use a change in renal function as 
a means of defining AKI, it also wanted to have a definition of 
AKI that would separate the mild cases from the severe cases, as 
this may have prognostic significance. This came about because it 
was noted that in patients who had undergone cardiovascular 
surgery, even a small increase of serum creatinine concentration 
of 0.3 mg/dL (26.4 Umol/L) was associated with a negative 
outcome.’ The same was observed in severely ill patients with 
sepsis.'' On the basis of these findings, the RIFLE diagnostic 
criteria for AKI were therefore proposed. RIFLE stands for risk, 
injury, failure, loss of function, and end-stage renal disease (Fig. 
17-2). This classification of AKI provides three levels of severity 
of renal dysfunction and two levels of clinical outcome.’ AKI can 


ty 


UO <0.5 mi/kg/h! x 6h 


High Sensitiy; 


UO <0.5 mi/kg/h! x 12h 


ES 


Persistent ARF = complete loss of 
renal function > 4 weeks 


e Fig. 17-2 The RIFLE definition and staging of acute kidney injury. ARF Acute renal failure; ESRD, 
end-stage renal disease; GFR, glomerular filtration rate; UO, urine output. (From Bellomo R, et al. Acute 
renal failure: definition, outcome measures, animal models, fluid therapy and information technology 
needs: the Second International Consensus Conference of the Acute Dialysis Quality Initiative (ADQ)) 
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be diagnosed by either a change in serum creatinine concentration 
or a percentage change in the GFR over a maximum period of 7 
days, or a change in urine output (see Fig. 17-2). This set of 
diagnostic criteria poses a problem when a patient presents with 
AKI but for whom a baseline serum creatinine concentration has 
not been measured to calculate the change in serum creatinine 
concentration. It was proposed that the baseline serum creatinine 
concentration should be back-calculated from the GFR with use 
of the Modification of Diet in Renal Disease formula’? assuming 
a normal baseline GFR of 75 mL/min/1.73 m°. The ADQI also 
defined complete recovery from AKI as the return of renal func- 
tion to the baseline category within the RIFLE classification, 
whereas partial recovery would be a downgrading of the level of 
renal dysfunction within the RIFLE classification without the 
permanent need for dialysis. 


The Acute Kidney Injury Network (AKIN) 
Diagnostic Criteria for Acute Kidney Injury 


The RIFLE diagnostic criteria for the diagnosis of AKI were 
felt to be not sensitive enough to detect early changes in renal 
function, as the time interval of 7 days used to measure the 
change was deemed to be too long. To modify the RIFLE crite- 
ria, another network, AKIN, consisting of representatives from 
various nephrology societies, as well as members of the ADQI and 
the European Society of Intensive Care Medicine, was formed. 
In 2007, it defined AKI as an abrupt reduction in renal func- 
tion, as indicated by either a 0.3-mg/dL (26.4 Umol/L) or a 
50% increase in serum creatinine concentration or a reduction 
in urine output to less than 0.5 mL/kg/hr for 6 hours. In addi- 
tion, several stages of AKI were introduced to define the severity 
of renal dysfunction’? (Fig. 17-3). Renal replacement therapy 
was not included as part of the staging, as it was felt that it more 
appropriately described patient outcome rather than the severity 
of kidney dysfunction. The AKIN’s diagnostic criteria for AKI are 
an improvement over the RIFLE criteria as they do not require 
a baseline measurement of renal function. The constraint of 


Serum creatinine criteria 
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48 hours for the two readings of serum creatinine concentration 
is to ensure acuity of the serum creatinine concentration change. 
This will also improve the sensitivity of the AKI definition and 
allow treatment to be started early. In addition, the AKIN criteria 
eliminated the use of an estimated GFR, thereby removing one 
of the inaccuracies of renal function measurement. The AKIN 
criteria also stipulated that for the urine output criterion to be 
meaningful, the patient’s fluid state must be optimized and use 
of diuretics stopped, and that there should be no bladder neck 
obstruction. 


The Kidney Disease: Improving Global 
Outcomes (KDIGO) Clinical Practice Guidelines 


The KDIGO is a global organization consisting of experts from 
around the world, tasked with setting practice guidelines based 
on published literature. They set about further modifying the 
definition of AKI, so to set guidelines for its treatment. Their 
definition of AKI is based on the RIFLE and AKIN definitions." 
KDIGO suggests that AKI can be diagnosed if one of the follow- 
ing conditions is met: (1) an increase in serum creatinine concen- 
tration of 0.3 mg/dL or more (2 26.4 Umol/L) in less than 48 
hours; (2) an increase in serum creatinine concentration to 1.5 or 
more times the baseline level in less than 7 days; or (3) a urine 
output of less than 0.5 mL/kg/hr for 6 hours (Table 17-1). A 
staging system was also devised, similar to that of the AKIN. 
However, renal replacement therapy has been added as a diagnos- 
tic criterion for the severest stage. To date, the KDIGO diagnostic 
criteria have not been validated. 


The Diagnostic Criteria of the ADQI 
and the International Ascites Club (IAC) 
for Acute Kidney Injury in Cirrhosis 


Recognizing that the various diagnostic criteria for AKI developed 
thus far may not have been directly applicable to cirrhotic patients, 


Urine output criteria 


Serum creatinine 
increase =0.3 mg/dl OR 
increase to 1.5—2.0-fold 

from baseline 


Stage 1 


Serum creatinine 
increase 2.0—3.0-fold 
from baseline 


Stage 2 


Serum creatinine 


baseline OR serum 
creatinine 24.0 mg/dl 
with an acute increase 

of at least 0.5 mg/dl 


Stage 3 


increase >3.0-fold from 


<0.5 mi/kg/h for 6 h 


<0.3 mli/kg/h for 24 h OR 
anuria for 12 h 


e Fig. 17-3 The Acute Kidney Injury Network definition and staging of acute kidney injury. (From Mehta 
RL, et al. Acute Kidney Injury Network: report of an initiative to improve outcomes in acute kidney injury. 


Crit Care 2007;11(2):R31.) 


The Kidney Disease: Improving Global 
Outcomes Diagnostic Criteria for Acute 
Kidney Injury 


1 Increase of 3 mg/dL or 26 umol/L < 0.5 mL/kg/hr for 
within 48 hr or increase to > 6 consecutive 
1.5-1.9 times the baseline SCr hours 
concentration 

2 Increase to 2-2.9 times the baseline < 0.5 mL/kg/hr for 
SCr concentration > 12 hr 

3 Increase to 3 times the baseline SCr < 0.3 mL/kg/hr for 


concentration or to 4 mg/dL or 
354 «mol/L or more, or RRT 
commenced irrespective of stage 


> 24 hr or anuria 
for 12 hr 


RRT, Renal replacement therapy; SCr, serum creatinine. 


the ADQI invited members of the IAC to join forces in 2011 to 
define AKI specifically for the cirrhotic population. Various modi- 
fications of the AKIN diagnostic criteria were made,’ but several 
important features were maintained. For the first time the term 
acute kidney injury was formally adopted to represent acute renal 
failure in cirrhosis. The groups felt that serum creatinine concen- 
tration, despite its many shortcomings,'”'® should be maintained 
as a measure of renal function, because of its simplicity of use and 
the wide availability of the test. The serum creatinine concentra- 
tion was favored over an estimated GFR, as the many creatinine- 
based formulae that calculated the GFR tended to overestimate 
the true GFR, especially in patients younger than 50 years and 
in those with ascites.” The groups also liked the concept of using 
a small change in serum creatinine concentration over a short 
time, such as an increase of 0.3 mg/dL (26.4 Umol/L) in 48 
hours or less as a marker of acute deterioration of renal function. 
However, the groups spent quite some time debating the defini- 
tion of the baseline serum creatinine concentration, especially in 
patients who did not have regular measurements of serum creati- 
nine. Finally, a consensus was reached among the experts that the 
baseline serum creatinine concentration should be a stable serum 
creatinine over the previous 6 months, rather than a concentration 
obtained by a back calculation using a presumed estimated GFR 
as the RIFLE criteria required.’ The groups were also cognizant 
of the fact that a stable baseline serum creatinine measured 6 
months earlier might not confer an accurate estimate of the serum 
creatinine concentration change but felt that this would be accept- 
able if no other serum creatinine value was available to calculate 
the change. The groups also decided to discard the urine output 
diagnostic criterion, as oliguria is a cardinal feature of cirrhosis 
with ascites. Many of these patients have a daily urine output that 
is less than what is required for the diagnosis of AKI according 
to both the RIFLE criteria and the AKIN criteria, and yet their 
serum creatinine concentration would remain unchanged and, 
therefore, not fulfill the diagnostic criteria for AKI. Thus includ- 
ing the urine output diagnostic criterion for AKI in cirrhosis 
would only confuse rather than clarify the issue. With this set 
of diagnostic criteria, acute or Type 1 HRS (HRS1), would be a 
special type of AKI, and many other forms of acute deterioration 
in renal function would also be classified with these new criteria 


(Table 17-2). 
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The Acute Dialysis Quality Initiative and the 
International Ascites Club Diagnostic Criteria 
for Acute Kidney Injury for Cirrhotic Patients 


Acute kidney 
injury from the baseline or a rise of serum creatinine 
concentration by > 0.3 mg/dL (26.4 mol/L) in 
< 48 hr. Type 1 HRS is a specific form of acute 

kidney injury 


Rise in serum creatinine concentration of > 50% 


Chronic kidney 
disease 


Glomerular filtration rate of < 60 mL/min for > 3 
months calculated with the MDRD6 formula. 
Type 2 HRS is a specific form of chronic kidney 
disease 


Acute-on-chronic 
kidney 
disease 


Rise in serum creatinine concentration of > 50% 
from the baseline or a rise of serum creatinine 
concentration of > 0.3 mg/dL (26.4 mol/L) 
in < 48 hr in a patient with cirrhosis whose 
glomerular filtration rate is < 60 mL/min for > 3 
months calculated with the MDRD6 formula 


HRS, Hepatorenal syndrome; MDRD6, Modification of Diet in Renal Disease formula using 
six parameters: age, sex, ethnicity, serum creatinine concentration, blood urea nitrogen 
concentration, and serum albumin concentration. 

(From Wong F, et al. Working party proposal for a revised classification system of renal 
dysfunction in patients with cirrhosis. Gut 2011;60(5):702-709.) 


The Application of the Various AKI 
Diagnostic Criteria to Cirrhotic Patients 


Soon after the publication of the various AKI diagnostic criteria, 
several studies appeared in the literature'*” using these criteria in 
the cirrhotic patient, not so much for decision making regarding 
treatment, but rather for prognostication purposes. Most of the 
studies that have applied these AKI diagnostic criteria to cirrhotic 
patients have used only the serum creatinine concentration crite- 
ria and not the urine output criteria. 


The RIFLE Diagnostic Criteria 


The RIFLE diagnostic criteria were first applied prospectively to 
a cohort of 134 critically ill cirrhotic patients who were admitted 
to an ICU." The hospital admission serum creatinine concen- 
tration was used as the baseline, whereas the serum creatinine 
concentration on the ICU admission day was used to calculate 
the change. AKI could be diagnosed with use of either the serum 
creatinine concentration change or the urine output criteria. Of 
134 patients, 81 (60%) developed AKI, with most of the patients 
(58 of 81 patients, or 71.6%) in the failure stage of the RIFLE 
classification. Jenq et al.'® provided only laboratory data for the 
entire cohort and did not differentiate between those who devel- 
oped AKI and those who did not. The baseline serum creatinine 
concentration for the entire cohort was 2.2 + 0.2 mg/dL, suggest- 
ing that the patients might have already developed AKI on arrival 
at hospital. As these were severely ill patients, the 30-day survival 
was slightly more than 60% even in those who did not develop 
AKI. In those who developed AKI, there was a direct correlation 
between the severity of the RIFLE stage and in-hospital mortality. 

In another retrospective study consisting of a larger cohort of 
412 ICU patients with cirrhosis, the RIFLE criteria were applied 
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to determine the prognosis of these patients.” In this study, the 
ICU admission serum creatinine concentration and that obtained 
48 hours later were used to determine the occurrence of AKI. 
Of 412 patients, 205 (50%) developed AKI, with 91 patients 
(22.1%), 37 patients (9.2%), and 77 patients (18.7%) in the risk, 
injury, and failure categories, respectively. Cholongitas et al.” did 
not provide the serum creatinine values that were used to calcu- 
late the various stages of AKI. However, many patients arrived 
at the ICU already with renal failure, as the highest serum cre- 
atinine concentration recorded for the cohort was 14 mg/dL 
(1232 umol/L). This means that many patients who arrived at 
the ICU with a high serum creatinine concentration might never 
have received a diagnosis of AKI if they did not have a further 
increase of their serum creatinine concentration by 50%. There- 
fore it is not surprising that Cholongitas et al. did not find the 
RIFLE classification as useful as the Model for End-Stage Liver 
Disease (MELD) score, the Sequential Organ Failure Assessment 
score, or the Acute Physiology and Chronic Health Evaluation 
in predicting patient survival at 6 weeks after discharge from the 
ICU. However, they were able to identify that the development 
of any stage of AKI by the RIFLE criteria was associated with 
a decreased 6-week post-ICU survival, with the patients in the 
injury and failure categories faring significantly worse than those 
in the risk category. 


The AKIN Diagnostic Criteria 


The AKIN diagnostic criteria were first applied in a retrospective 
study of cirrhotic non-ICU patients who were admitted to hos- 
pital for various reasons.” AKI was diagnosed with the use of two 
serum creatinine values measured within the first 48 hours after 
admission. AKI occurred in 46% of patients, with many of them 
(42%) having Stage 1 AKI. However, the AKI and non-AKI 
patients were different at baseline, with the AKI patients’ baseline 
serum creatinine concentration being significantly higher at 1.9 
+ 1.2 mg/dL when compared with the non-AKI group at 1.3 + 
0.7 mg/dL. Hence many of the AKI patients arrived at hospital 
with renal dysfunction. It is unclear whether some of these patients 
could have had background chronic kidney disease (CKD), as no 
prior serum creatinine values were provided. The serum creatinine 
concentration in the AKI group 48 hours later was only 2.0 + 
1.4 mg/dL, making it difficult to discern if AKI had actually 
occurred. The corresponding serum creatinine concentration in 
the non-AKI group was 1.3 + 0.6 mg/dL. Despite the seeming 
lack of increase in the serum creatinine concentration in the AKI 
group, there was a significantly higher in-hospital mortality of 
52.7% when compared with the non-AKI group (30%). No 
information was provided as to the progression of the AKI beyond 
the first 48 hours, which would have been helpful in assessing the 
attributes of the increased mortality of the AKI group. In any 
event, comparison was confounded by the fact that the two groups 
were not equal at baseline. 

A prospective study applied the AKIN diagnostic criteria much 
more stringently.” All patients were cirrhotic patients who had 
AKI on admission or who developed AKI during hospitalization. 
None were admitted to the ICU initially. A stable outpatient 
serum creatinine concentration closest to the index admission 
value was used as the baseline value. In situations where there was 
no outpatient serum creatinine concentration available, the serum 
creatinine that had been stable for 5 days after admission was used 
as the baseline. Of the 192 patients included in the study, 91 
patients (48%) had Stage 1 AKI, 56 patients (29%) had Stage 2 
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AKI, and 42 patients (23%) had Stage 3 AKI. Those patients 
whose AKI progressed (84 of 189 patients, or 45%) had signifi- 
cantly more medical and cirrhosis-specific complications, associ- 
ated with a stepwise increase in mortality as the progression 
became more severe. Recovery from AKI was associated with 
improved survival. Belcher et al.” therefore concluded that AKI 
in cirrhosis as defined by the AKIN criteria was severe and often 
progressed, leading to death in a stage-dependent manner. 

Similar results were reported in another prospective study 
of cirrhotic patients with AKI compared with a retrospective 
matched control group of patients with no AKI.” The develop- 
ment of AKI was associated with increased in-hospital mortality, 
after adjustment for severity of liver disease and comorbid con- 
ditions. Although progression of AKI was not discussed, higher 
peak stage of AKI was certainly associated with greater in-hospital 
mortality. 

In a group of severely ill patients with alcoholic hepatitis super- 
imposed on established cirrhosis and with a discriminant function 
of more than 32,” the incidence of AKI was almost 30% (29 of 
103 patients). More than half of the patients had Stage 1 AKI. 
Despite this, the development of mild renal dysfunction had a 
negative effect on patient survival. Once again, as a group, the 
patients who had AKI had a higher baseline serum creatinine 
concentration compared with the controls, suggesting that patients 
who had background renal compromise were more likely to 
develop AKI than patients who did not have background renal 
compromise. Reversal of AKI was observed only in patients with 
Stage 1 and Stage 2 disease. 


The ADQI-IAC Diagnostic Criteria 
for Acute Kidney Injury 


Because the diagnostic criteria were specifically designed for cir- 
rhotic patients, it was felt that they would be more sensitive in 
detecting AKI and therefore provide better prognostication. The 
drawback is that these criteria do not provide staging of the AKI, 
and hence are unable to include progression of AKI in the evalu- 
ation of prognosis. 

In a population of decompensated cirrhotic patients with 
ascites who regularly attended outpatient clinics, the development 
of AKI as defined by the ADQI-IAC diagnostic criteria (or the 
equivalent of Stage 1 AKI by the AKIN criteria) was observed in 
54% of patients, with many of them having repeated episodes of 
AKI.” Use of a serum creatinine concentration change of more 
than 0.3 mg/dL (> 26.4 mol/L) was more sensitive in identify- 
ing patients with AKI than use of a change of more than 50%, 
especially in patients with higher baseline serum creatinine 
values.” The peak serum creatinine concentration was often still 
within the laboratory’s normal range, therefore these patients were 
relatively well. Despite this, there was a significant and gradual 
rise in the serum creatinine concentration associated with reduced 
survival when patients were followed up for 12 months. This 
highlights the fact that even minor changes in renal function 
influence the course of decompensated cirrhosis. 

In another cohort of 337 cirrhotic patients who were admitted 
to hospital with infection, or who developed a nosocomial infec- 
tion, the development of AKI according to the ADQI-IAC diag- 
nostic criteria was associated with more admissions to the ICU, 
longer hospital stays, and reduced 30-day survival.” Many patients 
recovered from their AKI episodes. For those who did not recover, 
there was an 80% risk of death at 30 days. Even for those 
who completely recovered from their AKI episodes, their 30-day 


mortality was still higher than that of patients who never devel- 
oped AKI. 


How Well Do These Various Diagnostic 
Criteria of AKI Serve Cirrhotic Patients? 


It is clear from the foregoing discussion that the various diagnostic 
criteria have some utility in predicting patient outcomes in the 
cirrhotic population. However, they still have many shortcom- 
ings. It is obvious that the studies that used the RIFLE and 
AKIN diagnostic criteria only partially applied them to the cir- 
rhotic population, as the urine output criterion was never used. 
This is incongruent with the thought process of the nephrology 
and intensive care specialties, which firmly believe that a reduced 
urine output is the first sign suggesting the development of renal 
dysfunction, even before any change in serum creatinine con- 
centration is noted.'? The lack of a uniform definition for the 
baseline serum creatinine concentration is also a concern, as a 
0.3-mg/dL (26.4 [tmol/L) rise in serum creatinine is less mean- 
ingful clinically in a patient whose baseline reading is 3.0 mg/ 
dL (264 umol/L) than in another patient whose baseline value is 
0.5 mg/dL (44 mmol/L). A baseline serum creatinine concentra- 
tion of 3.0 mg/dL (264 Umol/L) is possible if the ICU admission 
serum creatinine is used. Some studies also used the most recent 
serum creatinine measurement before hospital admission as the 
baseline serum creatinine.” If this most recent serum creatinine 
measurement was taken 6 months before admission, it is difficult 
to confirm that there was indeed an acute, or sudden, rise in the 
serum creatinine concentration. Furthermore, depending on the 
baseline serum creatinine, the prevalence of AKI may change,” 
and therefore the progression of AKI may also be different. The 
back calculation of the serum creatinine concentration from a 
presumed GFR of 75 mL/min/1.73 m’ as allowed by the RIFLE 
diagnostic criteria has also been proven inaccurate. In a recent 
study including 213 patients hospitalized for acute decompen- 
sation of cirrhosis with an admission serum creatinine of less 
than 1.5 mg/dL (< 133 Umol/L),”* the use of a serum creatinine 
back-calculated from a Modification of Diet in Renal Disease 
formula using a presumed GFR of 75 mL/min/1.73 m? was able 
to diagnose only 20% of AKI cases, when compared with the 
use of a GFR measured with inulin clearance. Furthermore, such 
a derived serum creatinine value was not able to predict 90-day 
survival. Therefore Rosi et al. did not support the use of this 
method to compute the change in renal function. 

With all the ongoing issues relating to these various diagnostic 
criteria, many feel that they create more confusion than help in 
the care of cirrhotic patients, especially because none of the studies 
mentioned above provided any guidelines on the treatment of 
patients with cirrhosis and renal failure. Therefore not all members 
of the hepatology community have favored the change from the 
traditional diagnostic criteria for renal failure in cirrhosis,” 
which requires a 50% increase in serum creatinine with the final 
serum creatinine concentration reaching 1.5 mg/dL (133 mol/L). 
This is especially true because this traditional definition of renal 
failure in cirrhosis has accurately predicted patient outcome in 
cirrhosis.*'*’ Furthermore, two recent independent studies identi- 
fied a serum creatinine level of 1.5 mg/dL (133 mol/L) as the 
threshold, as patients below this value had excellent short-term 
prognosis despite the development of Stage 1 AKI.**** On the 
basis of these findings, Fagundes et al.” suggested that the AKIN 
diagnostic criteria for AKI should be modified further when 
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applied to cirrhotic patients, the so-called cirrhosis-AKI (C-AKI) 
criteria. The different stages of AKI would be stratified into Stages 
A, B, and C. Stages A and B would both be equivalent to AKIN 
Stage 1 AKI, with those with C-AKI Stage A and Stage B AKI 
having a final serum creatinine concentration of less than 1.5 mg/ 
dL or greater than or equal to 1.5 mg/dL (< 133 Umol/L or 
2 133 mol/L), respectively. C-AKI Stage C AKI would include 
all AKIN Stage 2 and Stage 3 AKI patients.” The challengers to 
this classification have found that the development of Stage 1 AKI 
with a final serum creatinine concentration of less than 1.5 mg/ 
dL (< 133 Umol/L) is associated with a negative impact on sur- 
vival. In a prospective study including 337 hospitalized cir- 
rhotic patients with infection, those who developed Stage 1 AKI 
but with a peak serum creatinine concentration of less than 
1.5 mg/dL had significantly decreased 30-day survival compared 
with patients without AKI.”° In another retrospective study assess- 
ing both inpatients and outpatients (7 = 239) who underwent a 
large-volume paracentesis, the incidence of AKI was similar 
whether patients were assessed by the AKIN diagnostic criteria or 
by the modified C-AKI diagnostic criteria. However, the median 
transplant-free survival in the AKI patients whose peak serum 
creatinine concentration was less than 1.2 mg/dL was significantly 
lower than that of the non-AKI patients.*’ All these disparate 
findings have fuelled an ongoing debate as to what are the best 
diagnostic criteria for AKI in cirrhosis. 

Despite the differences in opinion on how best to define AKI 
in cirrhosis, the concept of renal failure in these patients is cer- 
tainly changing. All of the recent studies have demonstrated the 
following in cirrhosis: (1) small increases in serum creatinine 
concentration can have a negative impact on survival; (2) staging 
of AKI can better define the severity of the renal dysfunction; and 
(3) progression of AKI is helpful in the prognostication of these 
patients. Further studies will undoubtedly lead to further refine- 
ments of how we will describe renal failure in cirrhosis in the 
future. 


Revised Consensus Recommendations 
of the IAC on the Diagnosis of 
Acute Kidney Injury in Cirrhosis 


The different interpretations of what defines AKI have fuelled an 
ongoing debate as to how best to use these various diagnostic 
criteria. The major dilemma is whether to adopt the concept of 
AKI or to acknowledge the previous diagnostic criteria for HRS 
as the only acceptable definition of renal failure in cirrhosis. Clini- 
cians also have problems in making treatment decisions for cir- 
rhotic patients with renal dysfunction, especially regarding the use 
of vasoconstrictor therapy. The IAC therefore held a consensus 
conference consisting of investigators and experts in the field in 
2012 to discuss the issue of AKI. Through a process of research 
and discussion, all agreed that the condition of HRS, although 
representative of renal dysfunction in cirrhosis, constitutes only a 
small fraction of cases in the spectrum of renal disorders among 
cirrhotic patients. There is sufficient evidence to suggest that renal 
dysfunction of lesser severity than HRS does have a negative 
impact on patient outcomes, therefore the concept of AKI should 
be adopted. Furthermore, all those present agreed that the urine 
output criterion for the diagnosis of AKI should be discarded, 
because the usual daily output for cirrhotic patients with ascites 
who are predisposed to the development of AKI is often below 
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the threshold required for the diagnosis of AKI because of their 
avid sodium and water retention. There was also consensus that 
serum creatinine concentration should be used as the index of 
renal function despite all its limitations. This is because clinicians 
are familiar with its use and the test is widely available. Further- 
more, any formulae that use serum creatinine concentration to 
calculate the GFR will have the same problems inherent in the 
use of serum creatinine concentration. It was also decided to 
modify the AKIN diagnostic criteria so that they are applicable 
to cirrhotic patients (Table 17-3).** 

The next challenges were how to define the baseline serum 
creatinine, staging, progression, and regression of AKI. Because 
the diagnosis of AKI requires a change of serum creatinine con- 
centration, the incidence of AKI may be different depending on 
the baseline serum creatinine level. Many publications on AKI in 
cirrhosis have used an ad hoc definition of AKI'*?!; therefore it 
is difficult to compare progression of the AKI and hence mortality 
among these different studies. In a study consisting of 653 cir- 
rhotic patients admitted to hospital, the prevalence of Stage 1 AKI 
(rise in serum creatinine = 3 mg/dL, or 26.4 Umol/L, in < 48 
hours) differed significantly depending on the baseline serum 
creatinine concntration,” being highest among patients with the 


The Revised Consensus Recommendations of 
the International Ascites Club on the Diagnosis 
of Acute Kidney Injury in Cirrhosis 


Stable SCr concentration for < 3 months. If not 
available, a stable SCr concentration closest to 
current one. If no previous SCr concentration 
measurement, use admission SCr concentration 


Baseline SCr 
concentration 


Definition of AKI SCr concentration increase > 0.3 mg/dL 
(œ 26.4 umol/L) in < 48 hr, or 50% increase 


from the baseline 


Staging Stage 1: SCr concentration increase > 0.3 mg/dL 
(26.4 mol/L) or SCr concentration of > 1.50-2.0 
times the baseline level 

Stage 2: SCr concentration > 2.0-3.0 times the 
baseline level 

Stage 3: SCr concentration > 3.0 times the baseline 
level or SCr concentration > 4.0 mg/dL 
(œ 352 mol/L) with a rapid increase of 
2 0.3 mg/dL (26.4 umol/L) or initiation of 
renal replacement therapy 


Progression of AKI to a higher stage, or need for 
renal replacement therapy 


Progression 


Regression Regression of AKI to a lower stage 


Response to 
treatment 


None: no regression of AKI 

Partial: regression of AKI stage with a decrease in 
SCr concentration to a value > 0.3mg/dL 
(26.4 umol/L) above the baseline 

Complete: decrease of SCr concentration to 
< 0.3mg/dL (26.4 mol/L) from the baseline 


AKI, Acute kidney injury; SCr, serum creatinine. 

(From Angeli P, et al. Diagnosis and management of acute kidney injury in patients with 
cirrhosis: revised consensus recommendations of the International Club of Ascites. Gut 
2015;64(4):531 -537.) 
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highest baseline serum creatinine. It then becomes questionable 
as to the clinical relevance of a 0.3-mg/dL (26.4 mol/L) increase 
in serum creatinine concentration within 48 hours in a patient 
who arrives at hospital already with renal failure with a serum 
creatinine of 4.0 mg/dL (352 Umol/L). It would have been clini- 
cally much more meaningful if that had occurred in a patient who 
arrived at hospital with a serum creatinine concentration of 
0.5 mg/dL (44 mol/L). The group finally agreed that the base- 
line serum creatinine should be a stable serum creatinine concen- 
tration within the previous 3 months, and if no measurement is 
available, then the admission serum creatinine concentration 
should be used (see Table 17-3). Other parameters that were 
defined included the staging, progression, and regression of AKI, 
and the response to treatment. There were also discussions as to 
whether the threshold of a serum creatinine concentration of 
1.5 mg/dL (133 umol/L) should be retained in the definition of 
AKI, as there appeared to be some validity in the prognostication 
of patients with cirrhosis and renal failure.” It was finally agreed 
that because these definitions were decided by a panel of experts 
rather than on the basis of scientific data, it would be best to leave 
the serum creatinine threshold out until such time as it can be 
validated in the cirrhotic population. A proposed treatment algo- 
rithm was also suggested. 


The Diagnostic Criteria for 
Hepatorenal Syndrome 


The diagnostic criteria for HRS1 were initially set by the IAC 
in 1996,” and were revised in 2007° (Table 17-4). HRS1 is a 
special form of AKI where there has been rapid and dramatic 
increase in the serum creatinine concentration such that there 
has been a doubling, with a final value greater than 2.5 mg/dL 
(> 220 Umol/L) in less than 2 weeks. The renal dysfunction is not 
responsive to withdrawal of diuretics and volume challenge with 
albumin. HRS1 can only be diagnosed when nephrotoxic drugs 


wA-j83 The Traditional Diagnostic Criteria for 
Wana Hepatorenal Syndrome 


Cirrhosis with ascites 


Serum creatinine concentration > 1.5 mg/dL (> 133 umol/L) 


For Type 1, or acute, HRS, there has to be a doubling of serum 
creatinine concentration to a final value of > 2.5 mg/dL 
(= 220 umol/L) in less than 2 wk 


No improvement of serum creatinine concentration (decrease to 
< 1.5 mg/dL, or < 133 pmol/L) after at least 2 days of diuretic 
withdrawal and volume expansion with albumin at a dosage of 
1 g/kg body weight/day up to a maximum dosage of 100 g/day 


Absence of shock 


No current or recent treatment with nephrotoxic drugs 


Absence of parenchymal kidney disease as indicated by proteinuria 
with a protein concentration > 500 mg/day, microhematuria with 
> 50 red blood cells per high-power field, and/or abnormal renal 
findings on ultrasonography 


(From Salerno F, et al. Diagnosis, prevention and treatment of hepatorenal syndrome in 
cirrhosis. Gut 2007;56(9);1310-1318.) 


WAE The Proposed New Diagnostic Criteria for 
Waa Type 1 Hepatorenal Syndrome, or Hepatorenal 
Syndrome-Acute Kidney Injury 


Cirrhosis with ascites 


Diagnosis of AKI according to the IAC AKI criteria? 


No improvement of serum creatinine concentration (decrease to 
< 1.5 mg/dL, or < 133 umol/L) after at least 2 days of diuretic 
withdrawal and volume expansion with albumin at a dosage of 
1 g/kg body weight/day up to a maximum dosage of 100 g/day 


Absence of shock 


No current or recent treatment with nephrotoxic drugs 


Absence of parenchymal kidney disease as indicated by proteinuria 
with a protein concentration > 500 mg/day, microhematuria with 
> 50 red blood cells per high-power field, and/or abnormal renal 
findings on ultrasonography 


These new criteria acknowledge that patients with hepatorenal syndrome—acute kidney injury 
may also have structural damage such as acute tubular necrosis as in the case of prolonged 
renal ischemia. 

AKI, Acute kidney injury; JAC, International Ascites Club. 

(From Angeli P, et al. Diagnosis and management of acute kidney injury in patients with 
cirrhosis: revised consensus recommendations of the International Club of Ascites. Gut 
2015;64(4):531-537.) 


and structural renal diseases have been excluded. With the advent 
of effective vasoconstrictor therapy for HRS1, clinicians have been 
concerned that a delay in initiating therapy of 2 weeks or until the 
serum creatinine concentration reaches 2.5 mg/dL (220 mol/L) 
may result in a reduced response rate. Higher serum creatinine 
levels at the start of vasoconstrictor therapy have been found to be 
one of the predictors of nonresponse.“ Therefore there has been 
impetus to change the definition of HRS1. However, the oppo- 
nents of this are concerned that this may lead to the indiscrimi- 
nate use of vasoconstrictors. Consensus was finally reached that 
patients who presented with Stage 2 or Stage 3 AKI and otherwise 
fulfilled all the diagnostic criteria for HRS1 as set down previously 
by the IAC? would receive a diagnosis of HRS-AKI.** All patients 
whose renal dysfunction progressed despite therapeutic measures 
not including vasoconstrictors would also be regarded as having 
HRS-AKI (Table 17-5). This would permit clinicians to start 
vasoconstrictor therapy without having to wait for the obliga- 
tory 2 weeks for the serum creatinine concentration to rise above 
2.5 mg/dL (220 mol/L). It is important to recognize that this 
revised definition of HRS-AKI no longer acknowledges HRS1 
and HRS2. HRS2 is now regarded as a type of CKD. However, 
patients can still have AKI superimposed on CKD, such as the 
case of AKI complicating an episode of infection in a patient with 
diabetic nephropathy. 


Pathophysiology of Acute Kidney 
Injury and Hepatorenal Syndrome 


Although the pathophysiology of HRS has been fairly well studied, 
that of non-HRS AKI has not been explored. It is presumed that 
the pathophysiology of non-HRS AKI is the same as that of HRS, 
as the condition has similar precipitating events and potential for 
reversibility.” 


CHAPTER 17 Renal Failure in Cirrhosis 


The pathophysiology of HRS is complex, resulting from an 
interplay between the cirrhotic liver, the kidneys, and the cir- 
culatory system, and is intricately linked to the hemodynamic 
consequences of cirrhosis and sinusoidal portal hypertension.“ 
Significant splanchnic and systemic arterial vasodilatation and 
paradoxical renal vasoconstriction in advanced cirrhosis are the 
hallmarks of the hemodynamic changes that lead to decreased 
renal perfusion. Altered renal autoregulation and a relatively 
insufficient cardiac response to the systemic arterial vasodilata- 
tion related to cirrhotic cardiomyopathy further contribute to the 
reduced renal blood flow, culminating in low GFR, and ultimately 
resulting in renal failure. Finally, emerging evidence suggests that 
the presence of inflammation can disturb the renal microcircula- 
tion, ultimately redistributing the renal circulation to the medulla, 
thereby impairing glomerular filtration. 


Splanchnic and Systemic Arterial Vasodilatation 
of Advanced Cirrhosis and Ascites 


In patients with cirrhosis, the disruption of the liver architec- 
ture leads to obstruction of the portal flow. The resultant portal 
hypertension is further modulated by altered sinusoidal endo- 
thelial function, with increased intrahepatic resistance due to 
decreased sinusoidal production of potent vasodilators such as 
nitric oxide and carbon monoxide, accentuated by increased activ- 
ity or increased production of various vasoconstrictor systems, 
such as the endothelins, angiotensinogen, or the thromboxanes.”* 
The physiologic response to an increased intrahepatic resistance 
is reflex vasodilatation of the portal vasculature to accommodate 
the portal blood volume. Here, the endothelial cells generate 
exaggerated amounts of vasodilator substances, including nitric 
oxide, glucagon, and prostaglandin I,, to induce smooth muscle 
relaxation in a paracrine fashion.“ The predominant vasodilator 
is nitric oxide, because of overexpression of the endothelial nitric 
oxide synthase in the portal system, related to an increased shear 
stress on the portal endothelium.” There is also some evidence 
that there is a postreceptor defect at the level of the smooth 
muscle cells that leads to a reduced response to vasoconstrictors, 
contributing to the splanchnic vasodilatation.“ Although almost 
the same systems of vasodilators and vasoconstrictors are opera- 
tional in the intrahepatic microcirculation and the extrahepatic 
portal circulation, opposite effects are observed; that is, there 
is increased vascular tone within the liver mediated by excess 
response to vasoconstrictors, and reduced production of vaso- 
dilators, whereas outside the liver, there is increased production 
of vasodilators and decreased response to vasoconstrictors. The 
end result is one of splanchnic vasodilatation and hyperemia.” 
Increased mesenteric angiogenesis mediated by vascular endo- 
thelial growth factor and endothelial nitric oxide synthase also 
contributes to the increased splanchnic blood volume and portal 
hypertension‘*“” (Fig. 17-4). Mesenteric angiogenesis also plays a 
role in the development of portal systemic collateral vessels.” The 
transfer of some of the blood volume together with some of the 
excess vasodilators from the splanchnic circulation through either 
preexisting portosystemic channels or these newly formed collat- 
eral vessels will lead to the development of systemic vasodilatation 
as well. 

More recently it has been recognized that the translocation of 
bacteria and bacterial products across the gut wall may also con- 
tribute to the splanchnic vasodilatation in cirrhosis’’”” (see Fig. 
17-4). Bacterial products such as lipopolysaccharide activate 
monocytes and lymphocytes and induce the production of 
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inflammatory cytokines, including interleukin-6 and tumor 
necrosis factor & (TNF-a). TNF-@ production has been shown 
to be associated with elevated levels of tetrahydrobiopterin, a 
TNF-a-stimulated cofactor and inducer of endothelial nitric 
oxide synthase, thereby linking inflammation with vasodilatation 
in the splanchnic circulation.” Patients with cirrhosis and evi- 
dence of circulating bacterial DNA have increased levels of inflam- 
matory cytokines and systemic arterial vasodilatation when 
compared with patients without signs of bacterial transloca- 
tion.” Furthermore, anti-TNF-o therapies such as treatment 
with anti-TNF-@ antibodies” or thalidomide” have been shown 
to attenuate the hyperdynamic circulation, a consequence of the 
splanchnic and systemic vasodilatation in cirrhosis. The adminis- 
tration of norfloxacin, an antibiotic that targets gram-negative 
bacteria, can dramatically reduce nitric oxide production in aortic 
rings.” Similarly, intestinal decontamination with norfloxacin 
also improves the vasodilatation in the forearm circulation in 
patients with cirrhosis.°! 


The Consequences of Splanchnic and 
Systemic Arterial Vasodilatation 


The obstruction of portal flow and the vasodilatation in the 
splanchnic vasculature means that there is pooling of the blood 
volume in the splanchnic circulation. This “splanchnic steal” syn- 
drome will subtract some of the total blood volume from the sys- 
temic circulation. Despite the transfer of some of the splanchnic 
volume through the collateral vessels to the systemic circulation, 
the presence of systemic arterial vasodilatation means that there 
is a relative insufficient blood volume in the systemic circulation 
even though there is no actual loss of blood volume, the so-called 
reduction in the effective arterial blood volume. This leads to the 
activation of the various compensatory vasoconstrictive neuro- 
hormonal systems, including the renin-angiotensin-aldosterone 


system, the sympathetic nervous system, and the nonosmotic 
stimulation of arginine vasopressin release. Arginine vasopressin is 
mainly involved in retention of free water in advanced cirrhosis; 
however, it also has a vasoconstrictor effect, thereby contributing 
to the maintenance of arterial pressure in advanced cirrhosis. 
This physiologic response is to counteract the systemic arterial 
vasodilatation and to induce renal sodium and water retention so 
as to increase the intravascular volume.“ Thus we see that plasma 
renin activity is markedly elevated in patients with cirrhosis and 
ascites,” and is involved in homeostasis of the circulation. Mea- 
surements of norepinephrine release and spillover from various 
vascular beds, including the renal and splanchnic circulations, 
are increased,” and inhibition of the activity of the sympathetic 
nervous system results in systemic hypotension. The activation 
of these various vasoconstrictor systems may have a beneficial 
effect on the systemic circulation; however, in the renal circula- 
tion, there is renal hypoperfusion related to an increase in renal 
vascular resistance, thereby predisposing the kidneys to the devel- 
opment of renal ischemia and ultimately renal failure. 

Simultaneous to the activation of the various vasoconstrictor 
systems, there is also an increase in cardiac output in order to 
maintain hemodynamic stability. This is achieved through 
increases in venous return, heart rate, and myocardial contractil- 
ity. Thus we see the features of a hyperdynamic circulation in 
patients with advanced cirrhosis, tachycardia, low blood pressure, 
and warm peripheries. This increase in cardiac output is attained 
at the expense of a reduced cardiac reserve;” that is, the cardiac 
contractile function is operating at the upper end of the Starling 
curve. With the liver cirrhosis becoming progressively more 
advanced, systemic vascular resistance will continue to fall, and 
cardiac compensation will ultimately reach a maximum, beyond 
which cardiac dysfunction will become evident and will contrib- 
ute to the extrahepatic complications of liver cirrhosis such as 
renal failure.” 


The Role of Portal Hypertension Independent 
of Hemodynamic Changes 


The presence of portal hypertension per se can also lead to a 
reduced renal blood flow. In anaesthetized rats the infusion of 
glutamine into the superior mesenteric vein, which causes hepa- 
tocyte swelling, and therefore compressed sinusoids and sinusoidal 
portal hypertension, was associated with a significant reduction 
in renal blood flow and GFR.” The same compound infused at 
the same rate into the jugular vein did not elicit the same response. 
The glutamine response was abolished by transection of the renal 
nerve. The reduction of portal pressure by the insertion of a tran- 
sjugular portosystemic stent shunt (TIPS) in cirrhotic patients 
with HRS is associated with an improvement of renal function.” 
In patients with an open and functioning TIPS, the inflation of 
an angioplasty balloon within the TIPS tract instantly created 
portal hypertension, and an immediate reduction in renal blood 
flow was observed without any significant changes in heart rate, 
mean arterial pressure, or right atrial pressure. On deflation of the 
angioplasty balloon, renal blood flow returned to baseline levels.” 
All of these findings suggest that portal hypertension is the affer- 
ent signal, which acts via the sympathetic nervous system (renal 
nerve) to mediate a reduction in renal blood flow independently 
of hemodynamic changes related to systemic vasodilatation. 


Renal Changes in Advanced Cirrhosis 


With progression of liver cirrhosis, the splanchnic and systemic 
circulations become the primary vascular beds that are responsible 
for the maintenance of the hyperdynamic circulation. There is 
compensatory vasoconstriction of various extrasplanchnic circula- 
tions, including the renal circulation. Elevated angiotensin I con- 
centration from an activated renin-angiotensin-aldosterone system 
preferentially vasoconstricts the efferent arterioles, so as to con- 
serve the GFR, but this reduces renal blood flow. Angiotensin II 
also causes mesangial contraction,” resulting in reduced glomeru- 
lar filtration surface, ultimately contributing to a reduced GFR. 

The kidneys initially maintain their vascular integrity by 
increasing the intrarenal production of various vasodilators, 
including prostaglandins and kallikreins. The urinary excretion of 
vasodilatory prostaglandins is higher in patients with cirrhosis and 
ascites than in healthy controls” and subsequently declines as 
renal failure sets in, suggesting that this failure to produce suffi- 
cient vasodilatory prostaglandins is involved in the pathogenesis 
of renal dysfunction in cirrhosis. The fact that the administration 
of nonsteroidal antiinflammatory agents to cirrhotic patients with 
ascites can lead to renal failure” is further evidence for the central 
role of the vasodilatory prostaglandins in the maintenance of GFR 
in cirrhosis. 

Intrarenal nitric oxide has also been implicated in the mainte- 
nance of GFR via the tubuloglomerular feedback mechanism.” 
This is a system that relates tubular reabsorption of sodium to 
GFR; that is, whenever the tubular sodium reabsorption is 
reduced, there is a reflex vasodilatation and an increase in GFR. 
This feedback loop is dependent on up-regulation of the nitric 
oxide synthase systems, especially neuronal nitric oxide synthase. 
Therefore inhibition of the nitric oxide synthase systems resulted 
in major reductions in renal blood flow and GFR in decompen- 
sated cirrhosis.” However, it appears that nitric oxide interacts 
with prostaglandins to maintain stability in the renal circulation, 
with nitric oxide playing a more permissive role, as the inhibition 
of prostaglandins induced a significantly greater change in renal 
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circulation and renal function than that observed after inhibition 
of nitric oxide production.”* Furthermore, the effects of intrarenal 
nitric oxide can be unmasked only after the inhibition of the 
prostaglandin system.” 

Apart from the overall renal vasoconstriction related to an 
imbalance between excess systemic vasoconstrictors and insufh- 
cient intrarenal vasodilators, other renal changes also contribute 
to the development of HRS. Renal autoregulation is a physiologic 
response that maintains a fairly constant renal blood flow despite 
fluctuations in renal perfusion pressure. In cirrhosis there is a 
gradual rightward shift of the renal autoregulation curve as the 
liver disease progresses.”’ That is, as the cirrhotic patient advances 
through the stages of diuretic-responsive ascites, diuretic-refractory 
ascites, and HRS, the same renal perfusion pressure is less able to 
maintain adequate renal blood flow. This is related to excess activ- 
ity of the sympathetic nervous system, especially prominent in 
advanced cirrhosis, which abolishes renal autoregulation." 


Cardiac Insufficiency 


The hyperdynamic circulation is a compensatory mechanism to 
help maintain hemodynamic stability in decompensated cirrhosis. 
However, this means that cirrhotic patients are encroaching on 
their cardiac reserve at rest. At some point in the natural history 
of decompensated cirrhosis, when the cardiac output is insuffi- 
cient to support an adequate arterial pressure because of the ever- 
decreasing systemic vascular resistance, the patient is predisposed 
to the development of renal failure. Thus we see that in cirrhotic 
patients with a cardiac index of less than 1.5 L/min/1.73 m° as 
measured on myocardial perfusion imaging, renal function as 
reflected by serum creatinine concentration and GFR was signifi- 
cantly worse than that in patients without a low cardiac index.** 
This was most likely related to a reduced renal blood flow. Sig- 
nificantly more patients in the lower cardiac index cohort devel- 
oped HRS within 3 months of follow-up, associated with 
significantly reduced survival at 3, 9, and 12 months.’ This 
cardiac insufficiency may be related to the presence of cirrhotic 
cardiomyopathy, which is a form of cardiac dysfunction related 
to cirrhosis per se, in the absence of any known cardiac diseases, 
consisting of altered diastolic relaxation, systolic incompetence 
under conditions of stress, and electrophysiologic abnormalities.*’ 
When the cardiac insufficiency is further exaggerated by any event 
that disturbs the precarious hemodynamic balance of advanced 
cirrhosis, such as the development of spontaneous bacterial peri- 
tonitis (SBP), there is further arterial vasodilatation. Thus patients 
who developed renal failure with their episode of SBP had signifi- 
cantly lower baseline cardiac output, which became further 
reduced, despite resolution of the infection.™ If the cardiac output 
was lowered further with the use of nonselective beta-blockers in 
cirrhotic patients with SBP, the risks for AKI and HRS increased 
significantly.” 


The Role of Inflammation 


Because the commonest precipitant for HRS is acute infection,*° 
which induces a proinflammatory response with increased pro- 
duction of proinflammatory cytokines, inflammation has also 
been implicated in the pathogenesis of renal failure in cirrhosis. Its 
role in mediating splanchnic and systemic arterial vasodilatation 
is well documented.” In addition, inflammatory mediators can 
also induce cellular damage. These are molecules that are either 
expressed by bacteria called pathogen-associated molecular patterns 
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(PAMPs) or released by dying cells called damage-associated 
molecular patterns (DAMPs). PAMPs and DAMPs can be rec- 
ognized not only be immune cells but also by epithelial and 
parenchymal cells through pattern recognition receptors, such 
as toll-like receptors (TLRs), nucleotide-binding oligomerization 
domain-—like receptors, or retinoic acid—inducible gene 1-like 
receptors.** These DAMPs and PAMPs are either filtered through 
the glomeruli or are delivered to the tubules via the peritubular 
capillaries. Because of the heterogeneity of flow in the renal micro- 
circulation due to the presence of microthrombi in conditions 
of inflammation/sepsis, maldistribution of blood flow occurs. 
Variable intrarenal nitric oxide delivery may also affect micro- 
circulation homeostasis.”” Therefore some nephrons will be in 
contact with these DAMPs and PAMPs for much longer because 
of regional sluggishness of flow. This, when combined with the 
oxidative stress induced by a relative deficiency of nitric oxide, 
will predispose the tubules to cellular damage.” It appears that 
the up-regulation of these pattern recognition receptors is pivotal 
in mediating the damage induced by these PAMPs and DAMPs, 
and the changes in the microcirculation play a permissive role in 
amplifying this damage. In an animal model of cirrhosis, it has 
been demonstrated that there is up-regulation of TLR-4 receptor 
expression in the proximal renal tubules, the levels of which was 
further increased following an inflammatory insult, associated 
with deterioration of renal function and renal tubular damage.” 
Norfloxacin was able to attenuate the increased renal expression of 
TLR-4, with improvement in renal histologic features, especially 
with respect to renal tubular damage, associated with recovery of 
renal function.® In patients with cirrhosis, urinary TLR-4 levels 
were significantly higher in patients with renal dysfunction asso- 
ciated with infection or inflammation.” Some of these patients 
also had renal biopsies, which revealed tubular damage associated 
with tubular expression of TLR-4 only in those patients with AKI 
who did not fulfill the diagnostic criteria for HRS, whereas those 
with HRS had minimal histologic changes. The renal damage 
was thought to be induced by these DAMPs and PAMPs. There- 
fore it is possible the histologic changes of tubular damage that 
have been observed in patients with prolonged HRS,” especially 
in patients with infection-induced HRS, are related to these 
mechanisms. 

The pathogenesis of AKI/HRS can be best summed up by the 
two-hit theory. The cirrhotic patient with advanced liver disease 
and massive ascites has a compromised circulatory state (the first 
hit). The activation of various compensatory mechanisms is an 
attempt to maintain the integrity of the circulation. Further pro- 
gression of liver cirrhosis with deterioration of the circulation will 
lead to the failure of the compensatory mechanisms and develop- 
ment of AKI/HRS (nonprecipitated cases). Alternatively, the pres- 
ence of a precipitating factor such as volume disturbance or the 
presence of infection will lead to rapid deterioration of the sys- 
temic circulation and the development of AKI/HRS (second hit). 

Fig. 17-5 illustrates the various mechanisms that are involved 
in the development of AKI/HRS in cirrhosis. 


Approach to a Patient With Cirrhosis 
Who Presents With Renal Dysfunction 


‘The patient who presents with AKI/HRS is usually someone who 
has established cirrhosis and ascites, treated with either diuretics 
or repeated large-volume paracentesis, or both. The diagnosis of 
AKI depends on the identification of an increase in serum 
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creatinine concentration of at least 0.3 mg/dL (26.4 mol/L) in 
48 hours. However, many patients may present at hospital already 
with renal failure, without any serum creatinine readings within 
the previous 48 hours. The IAC recommends that a stable serum 
creatinine concentration within the previous 3 months can be 
used to calculate the change in serum creatinine, and if no mea- 
surement is available, then the admission serum creatinine con- 
centration should be used (see Table 17-3). Once the diagnosis of 
AKI has been established, differentiation of the different causes of 
AKI in cirrhosis is essential (see Fig. 17-1), as this will dictate the 
treatment algorithm. 

It is important that clinicians recognize that renal dysfunction 
may be present despite a normal serum creatinine concentration, 
related to the reduced muscle mass of patients with advanced cir- 
rhosis. It has been suggested that serum creatinine concentrations 
of 0.8 mg/dL (71 Umol/L), 1.0 mg/dL (88 umol/L), 1.8 mg/ 
dL (160 mol/L), 2.2 mg/dL (195 mol/L), and 4.0 mg/dL 
(354 Umol/L) in a cirrhotic patient with ascites would reflect 
a steady-state GFR of 100 mL/min, 50 mL/min, 25 mL/min, 


12 mL/min, and 6 mL/min, respectively.” Therefore a serum cre- 
atinine concentration of more than 1.0 mg/dL (> 88 Umol/L) in 
a patient with cirrhosis and ascites should alert the clinician to 
the possible presence of renal dysfunction. 


Differential Diagnoses of 
Acute Kidney Injury 


Although HRS is the most well-known type of AKI, it is actually 
a fairly uncommon cause of AKI, occurring in approximately 17% 
of all cases of AKI.’ Organic renal diseases and prerenal azotemia 
are much more common than HRS. Although the clinical sce- 
nario and the urinary findings can help to differentiate the differ- 
ent causes of AKI, the recent recognition that certain biomarkers 
can differentiate between functional and organic renal diseases has 
added to the accuracy in the diagnosis of the cause of AKI.” 
However, these various biomarkers are still research tools and are 
not yet widely available clinically. Therefore it still behooves the 
clinician caring for the cirrhotic patient to diagnose AKI with a 
combination of clinical acumen and standard diagnostic tools. 
Fig. 17-6 illustrates the procedures needed to investigate the 
various differential diagnoses of AKI in cirrhosis. 
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Prerenal Azotemia 


Patients with decompensated cirrhosis, ascites, and hemodynamic 
instability are poised to develop renal impairment if their circula- 
tion is further compromised. Therefore, events that tend to reduce 
the intravascular volume further such as gastrointestinal bleeding, 
large-volume paracentesis, or overzealous diuretic use will likely 
to lead to prerenal azotemia. It follows that these patients should 
receive intravascular volume replacement for their large-volume 
paracentesis of more than 5 L.” Likewise, resuscitation following 
gastrointestinal bleeding should be as complete as possible. It is 
very tempting to increase the diuretic doses in patients who have 
large ascites and an inadequate urine output. The end result may 
be further reduction in renal function as the intravascular volume 
is further depleted. Often, if the diuretic doses are reduced or 
use of diuretics is eliminated altogether, the serum creatinine 
concentration may decrease, accompanied by an improvement 
in urine output. Volume replacement should be in the form 
of colloid solutions such as albumin, as crystalloids tend to be 
distributed directly to the peritoneal cavity as ascites and not 
retained in the circulation. The dose of albumin recommended 
by the IAC is 1 g/kg body weight, up to a maximum of dosage of 
100 g/day,” although no formal dose-response study on albumin 
has ever been conducted. Significant fluid loss can also result from 
the gastrointestinal tract with lactulose use in patients who are 
encephalopathic. In these patients the lactulose dose should be 
reduced and the hepatic encephalopathy should be treated with 
rifaximin. Patients with prerenal azotemia should respond to these 
measures, with the serum creatinine concentration slowly decreas- 
ing as the circulation is gradually refilled. 


Intrinsic Renal Diseases 


Patients with liver cirrhosis can have systemic conditions, such as 
systemic hypertension, or diabetes that can lead to renal failure, 
independent of whether the cause of the liver cirrhosis is related 
to the cause of the renal disease or not. Alternatively, there are 
many causes of liver cirrhosis that are associated with intrinsic 
renal diseases. For example, IgA nephrology is frequently observed 
in patients with alcoholic cirrhosis, and glomerulonephritis may 
complicate hepatitis B or hepatitis C infections. Iatrogenic causes 
of intrinsic renal diseases include the use of radiographic dye or 
the administration of nephrotoxic drugs, which can also result in 
AKI in cirrhosis. Significant ischemic insult, such as severe hypo- 
tension, can also result in ATN.” Therefore, although functional 
renal failure occurs most commonly in patients with cirrhosis, 
intrinsic renal diseases still occur with sufficient frequency, esti- 
mated to be between 7.6%* and 32%,' that they need to be 
considered in the differential diagnosis of renal failure in these 
patients. Table 17-6 lists the intrinsic renal diseases that can occur 
in patients with cirrhosis. 

To diagnose intrinsic renal diseases as a cause of the AKI, one 
needs to assess the urine for casts and sediments (a 24-hour urine 
collection may reveal significant proteinuria with a protein con- 
centration > 500 mg/day), or abdominal ultrasonography may 
show small echogenic kidneys, suggesting renal parenchymal 
disease. ATN can sometimes be difficult to distinguish from HRS. 
Typically, a urine sodium concentration of less than 10 mmol/L 
occurs in HRS, whereas a urine sodium concentration of more 
than 20 mmol/L is typical for ATN because of impaired reabsorp- 
tion of sodium from damaged renal tubules. There may be tubular 
casts in the urine; however, this feature is not always reliable, 
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Alcoholic hepatitis IgA nephropathy 
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Polyarteritis nodosa 
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Obstructive jaundice Acute renal failure 
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Systemic Diseases That Can Involve 
Both the Liver and the Kidneys 


Kidney 


Systemic Disease Liver Involvement Involvement 


Cysts Polycystic liver Polycystic kidney 
disease disease 

Diabetes Steatohepatitis Diabetes nephropathy 

Sarcoidosis Liver granulomas Renal stones 


Portal hypertension 


Amyloidosis Hepatomegaly Nephrotic syndrome 


Sickle cell anemia —_— Hyperbilirubinemia Hematuria 
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Paroxysmal Budd-Chiari syndrome Hemoglobinuria 
nocturnal Portal vein thrombosis 
hemoglobinuria 
Shock Ischemic hepatitis Acute tubular necrosis 
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Acetaminophen Liver failure 
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especially in the late stage of HRS, when ATN can also occur. 
ATN should be considered when AKI develops abruptly following 
hypovolemia, septic shock, or exposure to nephrotoxins, but some 
of these conditions can also precipitate HRS. The recent applica- 
tion of various renal damage biomarkers has helped to differenti- 
ate between ATN and HRS. Biomarkers are biologic parameters 
that are usually absent in the urine; however, their levels rise 
significantly with renal tubular damage.” The most studied bio- 
marker of renal tubular damage in cirrhosis is urinary neutrophil 
gelatinase—associated lipocalin (NGAL). It is usually filtered and 
totally reabsorbed, and so there should be very little NGAL in the 
urine of patients with normal kidneys. However, if there is proxi- 
mal tubular damage, it will not be reabsorbed, or if there is 
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induction of NGAL production in the distal tubule as a result of 
injury, there will be a significant amount of NGAL in the urine. 
Several studies have shown that in patients with cirrhosis the 
NGAL levels were almost 20-fold higher in those with ATN than 
in those with HRS.?”!° Furthermore, when a panel of biomarkers 
were used, the more biomarkers that tested positive, the more 
accurate was the diagnosis of ATN.'™ Unfortunately, these bio- 
markers are currently still research tools and are not yet widely 
available for clinical use. 


Non-Volume Responsive Functional Acute 
Kidney Injury Including Hepatorenal Syndrome 


Patients with non—volume responsive functional AKI may have 
the same precipitants for their episode of AKI as those with pre- 
renal azotemia, but the withdrawal of diuretics together with 
volume replacement with colloid solutions such as albumin is not 
able to induce a recovery of renal function. This nonresponse may 
be related to the presence of infection, as sepsis is usually linked 
to a disturbance of the renal microcirculation,” although the 
presence of infection is not a sine qua non requirement for the 
diagnosis of non—volume responsive functional AKI. SBP and 
bacteremia are the infections most commonly associated with 
AKI"; other infections such as urinary tract infection and pneu- 
monia are also frequent precipitants.'”* These patients are usually 
clinically much sicker than patients with prerenal azotemia, with 
lower arterial blood pressure, higher baseline serum creatinine 
concentration, and lower serum sodium concentration, all reflect- 
ing a greater degree of hemodynamic instability. °? 

Before the recent revision of the definition of HRS-AKI, which 
removed the waiting time constraint of 2 weeks and a threshold 
of serum creatinine concentration of at least 2.5 mg/dL 
(220 mol/L),** there were many cases of unclassified AKI, as 
they did not quite reach the serum creatinine concentration 
requirement of 2.5 mg/dL (220 mol/L) for the diagnosis of 
HRS. It appears that these patients are pathophysiologically and 
clinically similar to the patients with classic HRS. In a report of 
263 consecutive patients with cirrhosis and renal failure admitted 
to 21 Italian hospitals, the patients with presumed HRS responded 
to treatment with vasoconstrictors with outcomes similar to those 
for patients who fulfilled all the diagnostic criteria for HRS. 
Therefore the revised definition of HRS will incorporate all of 
those patients with non—volume responsive functional AKI (see 
Table 17-5) who do not have any evidence of structural renal 
disease. Usually, these patients would have at least Stage 2 AKI. 
Stage 1 AKI that does not respond to volume replacement, despite 
the seemingly minor deterioration of renal function, may not 
have a benign outcome, especially when it is associated with 
infection.” 


Treatment of AKI 


Fig. 17-7 provides a proposed treatment algorithm for the man- 
agement of AKI in cirrhosis. 


General Measures 


Patients who have AKI are usually ill and many also have evidence 
of multiorgan failure as part of acute-on-chronic liver failure.'°*'” 
The most important task is to exclude intrinsic renal diseases, as 
these have a different prognosis and treatment strategies. Many 
patients with functional AKI have an antecedent event that 
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e Fig. 17-7 Treatment of patients who present with acute kidney injury. 


AKI, Acute kidney injury; HRS, hepatorenal syndrome; NSAIDs, nonste- 
roidal antiinflammatory drugs. 


precipitates the renal failure. Therefore it is imperative that the 
precipitant is sought and corrected. It is important to review the 
patient’s medication list, discontinue use of diuretics and potential 
nephrotoxic drugs, and reduce the dose of lactulose if diarrhea is 
excessive. The replenishment of the intravascular volume and 
observation of the response is necessary to separate cases of pre- 
renal azotemia from cases of volume-unresponsive AKI. Albumin 
is the recommended solution as it not only has a volume-expanding 
property but also has been shown to have antioxidant and anti- 
inflammatory properties,'”° as well as the ability to restore renal 
autoregulation.” Patients who have actually lost blood should 
receive blood transfusions. Patients who require invasive proce- 
dures can also receive clotting factors as their volume-expanding 
solutions. A septic workup is mandatory in all patients with AKI, 
and all possible sites of infection need to be investigated, including 
the ascitic fluid. It is recommended that empiric antibiotic therapy 
be given until culture results are available." Treatment with anti- 
biotics can be stopped if no infection is identified, or can be 
changed depending on organism sensitivity if an infection is proven. 
For patients without an event precipitating their AKI, it is recom- 
mended that a fluid challenge in the form of albumin be given as 
a general measure to increase the effective arterial blood volume.” 


Albumin 


Albumin is frequently used in patients with decompensated 
cirrhosis for various evidence-based and ad hoc indications.’ 
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However, most clinicians will use albumin for both the diagnosis 
and the treatment of HRS-AKI. This is because the albumin that 
is circulating in patients with decompensated cirrhosis is reduced 
in quantity and deficient in quality. The hypoalbuminemia is 
related to reduced synthesis from liver dysfunction and increased 
catabolism.'°° The abnormal quality of the circulating albumin 
is related to a constant oxidative milieu of the cirrhotic state, 
causing the circulating albumin to exist in an oxidized rather than 
a reduced form, thereby reducing the ability of the albumin mole- 
cule to bind free radicals and perform its scavenger and detoxifica- 
tion functions.''*''* Although it is generally agreed that albumin 
alone will not improve renal function in patients with HRS1 pies 
the use of albumin in conjunction with vasoconstrictors seems to 
enhance the beneficial effects of vasoconstrictors.''°''’ This may 
be related to the other nononcotic properties of albumin, such 
as its immunomodulatory and endothelium-stabilizing effects.''* 
A significant correlation between reduction in endothelial acti- 
vation and improvement in renal blood flow in patients with 
decompensated cirrhosis has been demonstrated.” Although 
there has never been a dose-response study for albumin, it has 
been suggested that excess doses of albumin will lengthen the 
hospital stay and increase the likelihood of transfer of the patient 
to intensive care, as such patients can become volume overloaded 
and develop pulmonary edema.’ In the study of Afinogenova 
and Tapper,” the optimal loading of albumin was 87.5 g on the 
first day of presentation for patients with AKI, which is slightly 
higher than the dose of 1 g/kg body weight recommended by 
the IAC.” 


Vasoconstrictors 


Pharmacotherapy is usually reserved for patients with HRS1 as 
defined by the IAC in 2007.’ In the revised definition of HRS- 
AKI, the use of vasoconstrictors is recommended for patients with 
Stage 2 or higher AKI and who otherwise fulfill all the diagnostic 
criteria for HRS. 


Terlipressin 


Terlipressin is a vasoconstrictor: it binds to the V, receptors of the 
vascular smooth muscle cells to cause vasoconstriction in both the 
systemic circulation and the splanchnic circulation.'”° Terlipressin 
has also been shown to dilate intrahepatic vessels, thereby reduc- 
ing intrahepatic resistance to portal inflow.’*' The overall result is 
a reduction in portal pressure, which also has a direct beneficial 
effect on renal function in cirrhosis.” 

Terlipressin has been studied in several randomized controlled 
trials in patients with HRS1 comparing bolus doses of terlipressin 
plus albumin versus either albumin alone''*"”’ or placebo with or 
without albumin.''*'?"”° All five studies''*!!?'?*'?? showed that 
terlipressin was able to significantly improve but not normalize 
renal function in 24% to 80% of patients. When terlipressin was 
administered to a cohort of patients with HRS1 and an active 
infection, a response with reduction in serum creatinine concen- 
tration was observed in 67% of patients,’ suggesting that the 
presence of active infection should be no barrier to treatment. The 
report of an improved response to terlipressin in patients who 
have clinical features of systemic inflammatory response syn- 
drome’ supports the use of terlipressin in patients with ongoing 
inflammation or infection. 

This wide variation in the response rate, defined as a 
fall in serum creatinine concentration to less than 1.5 mg/dL 
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(< 133 umol/L), appears to be related to the baseline creatinine 
concentration, as the studies that had a higher rate of response 
to terlipressin included patients with lower mean baseline serum 
creatinine concentrations of 2.9 mg/dL (255 umol/L)™* and 
3.2 mg/dL (284 Umol/L),'” respectively. The corollary of this 
observation is that the new HRS-AKI definition,” which does 
not set a threshold for the serum creatinine concentration for 
the initiation of treatment, will be able to include more patients 
for treatment, with the potential for overall improved outcome. 
In those patients who responded to terlipressin, survival was 
significantly improved." It appears that the greater the 
reduction in serum creatinine concentration with terlipressin, the 
higher is the survival.” A 20% reduction in serum creatinine 
concentration with terlipressin was sufficient to improve sur- 
vival.” However, in three of the randomized controlled trials, the 
overall survival of the terlipressin group was no different from that 
of the control group. This is because many of the patients who 
received terlipressin were nonresponders, thereby rendering the 
overall survival rate of the terlipressin group unchanged. When 
all the terlipressin trials were evaluated by a meta-analysis, there 
was an overall reduction of mortality by 29%'”’ (Fig. 17-8). 
Because nonresponse to terlipressin in cirrhosis with HRS1 
is associated with a dismal outcome, many investigators have 
focused on identifying predictors of response to terlipressin. Nazar 
et al." have identified an increase in the mean arterial pressure of 
more than 5 mmHg on Day 3 of treatment and a serum bilirubin 
concentration of less than 10 mg/dL (< 170 mol/L) as predic- 
tors of response to terlipressin. In line with the negative effect 
of a high bilirubin concentration on the response to terlipressin, 
Rodriguez et al.*' demonstrated that the response to terlipressin 
was dependent on the severity of the liver dysfunction, espe- 
cially in cirrhotic patients with sepsis. In contrast, Boyer et al.“° 
identified baseline serum creatinine as an important predictor, 
as patients with a baseline serum creatinine concentration of 
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5 mg/dL or greater (2 440 Umol/L) were unlikely to respond to 
terlipressin. 

The use of terlipressin is associated with a risk of developing 
ischemic side effects, estimated at approximately 30%,'”’ as terli- 
pressin is a vasoconstrictor. The use of a continuous infusion 
rather than bolus injections of terlipressin is associated with sig- 
nificantly fewer side effects. This also allows for a lower total daily 
dose than with bolus administration, without compromising efh- 
cacy. >>! Terlipressin is currently not available in North America 
except in the context of a clinical trial. 


Norepinephrine 

Norepinephrine is an alpha agonist. It can therefore reduce the 
extent of systemic arterial vasodilatation, increase the arterial pres- 
sure, and hence increase renal perfusion pressure. Norepinephrine 
also exerts an inotropic effect on the heart, thereby improving 
cardiac function. There have been four small studies comparing 
the efficacy of norepinephrine versus terlipressin for treatment of 
HRS1.'**'” Only two of these studies included a homogeneous 
population of HRS1 patients." When the results of three of 
these studies and those of a study in patients with HRS2'”° were 
combined in a meta-analysis, it was confirmed that norepineph- 
rine was as efficacious as terlipressin in the reversal of HRS without 
significantly increasing the side effects.” Furthermore, the 30-day 
mortality was also similar between norepinephrine and terlipressin 
(Fig. 17-9). Therefore in parts of the world where terlipressin is 
not available, use of norepinephrine could be an alternative treat- 
ment. The proponents for norepinephrine use have suggested that 
norepinephrine should be the preferred drug for the treatment of 
HRS1, as the cost is only a small fraction of that of terlipressin. 
However, norepinephrine use requires cardiac monitoring in an 
intensive care setting, whereas terlipressin can be administered in 
a general ward. Therefore the economic advantage of norepineph- 
rine use may only be apparent and not real. 
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e Fig. 17-8 Meta-analysis of all randomized controlled trials that compared terlipressin alone or with 
albumin versus placebo or albumin for treatment of Type 1 hepatorenal syndrome for the endpoint 
of death. The trial of Martin-Llahi et al.''* was not included because it enrolled patients with both Type 1 
and Type 2 hepatorenal syndrome. The trial of Boyer et al.'*? was not included as the study postdated 
the meta-analysis. C/, Confidence interval; M-H, Mantel-Haenszel test. (From Gluud LL, et al. Terlipressin 
for hepatorenal syndrome. Cochrane Database Syst Rev 2012;9:CD005162) 
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Events, Events, % 
Study Year RR (95% Cl) Treatment Control Weight 
Alessandria et al. 2007 |. 2.40 (0.25, 22.75) 2/10 1/12 1.41 
Sharma et al. 2008 m, 0.81 (0.55, 1.20) 13/20 16/20 47.08 
Singh et al. 2012 E 0.94 (0.63, 1.40) 15/23 16/23 43.97 
Ghosh et al. 2013 — 1.00 (0.38, 2.65) 6/23 6/23 7.53 
Overrall (l-squared = 0.0%, p = 0.761) Q 0.89 (0.68, 1.17) 36/76 39/78 100.00 
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e Fig. 17-9 Meta-analysis of all randomized controlled trials that compared norepinephrine versus 
terlipressin for either Type 1 or Type 2 hepatorenal syndrome for the end-point of 30-day mortality. 
Cl, Confidence interval; RR, relative risk. (From Nassar Junior AP, et al. Terlipressin versus norepinephrine 
in the treatment of hepatorenal syndrome: a systematic review and meta-analysis. PLoS One 2014;9(9): 


e107466.) 


Midodrine 

Midodrine is another alpha agonist. Its beneficial effect is strictly 
related to its ability to increase the systemic blood pressure. It does 
not have any effect on the portal pressure or cardiac function. It 
is usually used in combination with octreotide, a nonspecific 
inhibitor of vasodilators in the splanchnic circulation, and 
albumin. This combination is popular in North America because 
of the nonavailability of terlipressin. Multiple studies, whether 
prospective or retrospective, have been published on the use of 
the combination as a treatment for HRS,'**’”’ but no randomized 
controlled trial using this combination has ever been published. 
The general consensus is that the response to the combination can 
be very slow, and the overall response rate is approximately 40%. 
A randomized controlled trial has shown that terlipressin plus 
albumin is far superior to the combination of midodrine, octreo- 
tide, and albumin in terms of HRS1 reversal.'“’ The response rate 
in the terlipressin plus albumin group was 70.4%, significantly 
better than the 28.6% (p = 0.01) in the group receiving the mido- 
drine combination. There was some discussion as to whether use 
of a terlipressin infusion in this study gave the terlipressin group 
some advantage over the midodrine combination group, as one 
vasoconstrictor was given as a continuous constant dose with a 
presumably constant plasma level, whereas the other was given as 
intermittent oral doses. In any event, until terlipressin is available 
in North America, the midodrine combination will have to be the 
standard of care for patients with HRS1. 

Table 17-7 lists the recommended doses of the various vaso- 
constrictors in the treatment of HRS1. 

One unresolved issues remains: whether the patients who have 
responded to vasoconstrictor therapy maintain their priority on 
the liver transplant waiting list or whether they should be down- 
graded. because of the improvement in their renal function. The 
proponents for delaying liver transplant for responders to vaso- 
constrictor therapy indicate that the prognosis of such patients 
after liver transplant is similar to that of patients without HRS1. lá 


Recommended Dosages of Various 
Vasoconstrictors in the Treatment of 
Type 1 Hepatorenal Syndrome 


Terlipressin 
Bolus Initially 0.5 mg intravenously every 4-6 hr. If no 
response by Day 3, can increase the dosage to 
1.0 mg every 4-6 hr. Maximum dosage is 
2.0 mg every 4-6 hr. Maximum duration 
14 days. 
Continuous Initially 2.0 mg/day. If no response by Day 3, can 
infusion increase the dosage to 4.0 mg/day. Maximum 
dosage is 12.0 mg/day. Maximum duration 
14 days. 
Norepinephrine 
Continuous 0.5-3 mg/hr continuously to achieve an increase in 
infusion mean arterial pressure of 10 mmHg. Treatment 
is to be continued until serum creatinine 
concentration is < 1.5 mg/dL, or < 133 mol/L. 
Combination 
Midodrine 7.5 mg per os 3 times daily. Can increase to 
12.5 mg per os 3 times daily. Aim at increasing 
systemic blood pressure to 120/80 mmHg. 
Octreotide 100 ug subcutaneously 3 times daily. Can increase 


to 12.5 ug subcutaneously 3 times daily. Or 
50-ug bolus followed by a continuous infusion 
at 50 ug/hr. 

Both midodrine and octreotide need to be 
continued to be administered until serum 
creatinine concentration is < 1.5 mg/dL, 
or < 133 mol/L. 


Albumin has to be given concomitantly with any of the vasoconstrictors at a dosage of 
20-40 g/day. 
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However, those who oppose such a strategy argue that the prog- 
nosis of patients with HRS1 remains worse than that before the 
onset of HRS despite response to vasoconstrictor treatment, “> 
and therefore they should retain their position on the liver trans- 
plant waiting list. Currently, there are no guidelines to advise on 
organ allocation for these patients. 


Nonpharmacologic Treatments 


Because a significant proportion of patients with cirrhosis and 
HRS1 do not respond to vasoconstrictor therapy, many other 
nonpharmacologic treatments have been tried. These include the 
use of the molecular adsorbent recirculating system (MARS), the 
insertion of a TIPS, and renal replacement therapy. Their popular- 
ity has waxed and waned, as all of them proved to be applicable 
to only a very few patients, and with questionable results.“ 

MARS is a form of dialysis where albumin recirculates repeat- 
edly to adsorb various bacterial products and cytokines that are 
thought to be responsible for maintaining the vasodilatory state 
of the splanchnic and systemic circulations of advanced cirrhosis. 
However, it appears that MARS simply removes creatinine, arti- 
ficially lowering the serum creatinine concentration without 
affecting GFR." 

TIPS was used in the management of HRS1 and HRS2 more 
than a decade ago.” As portal hypertension is the initiator of the 
hemodynamic changes that ultimately lead to renal vasoconstric- 
tion and decreased GFR, it is not surprising that lowering the 
portal pressure will improve renal function.'"° TIPS was able to 
lower but not normalize serum creatinine concentration. However, 
its use in HRS1 is rather limited as it can be inserted only into 
patients with relatively preserved liver function,“ which is not 
the case with most patients with HRS1. In the presence of severe 
liver dysfunction, the relative liver ischemia that immediately 
follows TIPS insertion can precipitate liver failure. In appropriate 
patients with relatively preserved liver function, such as abstinent 
alcoholics, or patients whose viral hepatitis has been eradicated 
with antiviral therapy, pretreatment with pharmacotherapy to 
improve renal function may lead to better patient outcome. '“* 

Renal replacement therapy has no role in the management of 
HRS1 in cirrhosis. A recent retrospective study showed that cir- 
rhotic patients with HRS1 who were nonresponders to vasocon- 
strictor therapy (midodrine, norepinephrine, or vasopressin) and 
received renal replacement had significantly longer hospital stays 
without any beneficial effects on short-term (30-day) or long-term 
(180-day) survival.“ Therefore renal replacement therapy should 
be reserved only for patients who have a reversal cause of their 
liver failure, or if the patient is listed for liver transplant.’ 


Liver Transplant 


Liver transplant is the definitive treatment of HRS1, as it elimi- 
nates liver dysfunction and portal hypertension, the two pivotal 
pathogenetic factors for the development of HRS.” The older 
literature reported almost universal renal recovery after liver 
transplant. °’! However, the more recent literature has reported 
a renal recovery rate of 58% to 76%.**'™ This may be related to 
the fact that the earlier studies were conducted before HRS1 was 
formally defined, and therefore it is possible that some patients 
might not have had HRS1. Improvement of renal function is 
gradual over the course of several weeks after liver transplant 
alone. This may be related to the fact that systemic hemodynam- 
ics'’”'° and activities of the vasoconstrictor systems!” may take 
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from several weeks to months to return to normal. Renal recovery 
seems to be independent of pharmacotherapy,*”'”*'”” the need for 
pretransplant dialysis,°°'“” or whether the donor liver is living 
related or cadaveric.'®'®' In those patients who do not recover 
their renal function, consideration should be given for renal trans- 
plant as well. Current guidelines from the United Network for 
Organ Sharing recommend that a dialysis period of more than 8 
weeks is an indication for combined liver and kidney transplant 
in patients with cirrhosis and HRS1.'° The IAC and ADQI, on 
the basis of a literature search,'®! have recommended that a 
period of 4 weeks should be the maximum period of pretransplant 
dialysis, at which time a combined liver and kidney transplant 
should be considered.’ A recent retrospective study enrolling a 
homogeneous group of HRS1 patients showed that pretransplant 
dialysis of more than 14 days was predictive of nonrecovery of 
renal function.” In fact, for every day that the patient received 
dialysis before liver transplant, there was an additional 6% risk of 
no renal recovery. This may be related to the development of renal 
tubular damage with prolonged renal ischemia as in patients with 
extended duration of HRS1.'° Various biomarkers of renal 
tubular damage have appeared as early as Day 5 after the onset of 
HRS1.'°° Of course, this shorter cutoff period for consideration 
for combined liver and kidney transplant for patients with HRS 
will have to be validated in future prospective studies. 

The survival rate of patients who reverse their HRS1 with 
liver transplant is excellent at greater than 90% at 6 months to 
1 year,**'”* and this is independent of whether they receive vaso- 
constrictor therapy before transplant or not. This contrasts with 
the 1-year survival rate of 60% for patients who do not reverse 
their HRS after liver transplant, whereas those with ATN as the 
cause of their AKI before liver transplant have a 1-year survival 
rate of less than 50%.” Long-term renal function after transplant 
in those who have HRS reversal is excellent,*°'°’ comparable to 
that of patients who receive their liver transplant without any 
form of AKI.” 


Prevention of Hepatorenal 
Syndrome-Acute Kidney Injury 


The most important aspect of management of HRS-AKI is to 
prevent its occurrence. This is achieved by avoidance of precipitat- 
ing factors®° or minimization of further deterioration in liver and 
circulatory function and renal hypoperfusion. 


The Use of Albumin in Patients 
With Bacterial Infection 


Bacterial infections are the commonest precipitant of renal failure 
in cirrhosis, estimated to occur in approximately 30% of patients 
with SBP.’ In the first study assessing the effect of albumin infu- 
sion on renal function and survival in patients with SBP, 126 
patients were randomized to receive either cefotaxime or cefo- 
taxime with albumin.*' Albumin infusions prevented the rise in 
renin concentration, decreased the incidence of renal failure, and 
improved mortality from 29% to 10% when compared with 
cefotaxime alone. In that study, the patients who benefited the 
most were those with elevated baseline blood urea concentration 
of 2 30 mg/dL, a bilirubin concentration of more than 4 mg/dL 
(> 68 Umol/L), or a prothrombin time less than 60% of that of 
controls. It was unclear whether albumin infusions were necessary 
in patients without any of these values, as their mortality rate was 


only 4% without albumin infusion versus 0% with albumin infu- 
sion. Three other randomized controlled trials assessing the use of 
albumin for patients with SBP have been published.’ 7? A meta- 
analysis of these four studies’? has confirmed the benefit of 
albumin infusion in patients with SBP, with a reduction in the 
risk from 30.6% to 8.3% for the development of renal failure, 
defined as a rise in serum creatinine concentration either to a final 
value of more than 1.5 mg/dL (> 133 mol/L) or by 50% if there 
was baseline renal impairment. In addition, there was also a reduc- 
tion in mortality in the albumin group. The pooled odds ratio for 
renal failure with albumin infusion was 0.21 and that for mortal- 
ity was 0.34. The subgroup analysis did not show that patients 
with higher bilirubin or creatinine concentrations derived more 
advantage from the use of albumin when compared with patients 
without higher bilirubin or creatinine concentrations. 


Antibiotic Prophylaxis Against Infection 


For cirrhotic patients with ascites who have never developed SBP, 
primary prophylaxis with norfloxacin in those with low ascites 
protein levels (< 15 g/L), advanced liver failure with a Child-Pugh 
score of 9 or more, and a serum bilirubin concentration of 3 mg/ 
dL or higher (2 51 mol/L) or impaired renal function as indi- 
cated by a serum creatinine level of 1.2 mg/dL or higher (> 
105 mol/L) has been shown to significantly reduce the likeli- 
hood of developing HRS and decreasing SBP occurrence.” 
Cirrhotic patents with gastrointestinal bleeding have a high 
incidence of bacterial infections, estimated to be 22% to 40% 
within 48 hours after admission.'”*!” Because infections, whether 
occult or proven, are the triggers for renal failure in cirrhosis, it 
stands to reason to recommend that patients with gastrointestinal 
bleeding be given antibiotic prophylaxis. '”° Indeed, antibiotic pro- 
phylaxis has been proven to reduce bacterial infections in cirrhotic 
patients with gastrointestinal bleeds, "4" and the beneficial effects 
are especially evident in patients with advanced cirrhosis.'”° The 
recommendation is to administer norfloxacin at 400 mg twice 
daily for 7 days. The alternative is to use intravenous ceftriaxone 
1 g/day especially in patients who have to remain fasting because 
of the bleeding, or in patients with advanced liver cirrhosis.” 


Patients With Alcoholic Hepatitis 


Alcoholic hepatitis is an acute manifestation of alcoholic liver 
disease. The hepatic inflammation from the excess alcoholic intake 
often presents clinically as liver failure with jaundice, coagulopa- 
thy, and encephalopathy that can progress to multiorgan failure 
with high mortality. The use of corticosteroid as an antiinflam- 
matory agent in alcoholic hepatitis has proven useful in improving 
survival in a certain subset of patients with alcoholic hepatitis. '” 
Because the levels of inflammatory cytokines such as TNF-o are 
increased in alcoholic hepatitis, suppression may prove to be 
beneficial, especially in patients in whom corticosteroid use is 
contraindicated. Earlier studies demonstrated that pentoxifylline, 
a TNF-© antagonist, was able to yield a reduction in short-term 
mortality by preventing the development of HRS.'””"®° Since then 
there have been many reports on the same issue, with conflicting 
results.'*' A meta-analysis showed that pentoxifylline when com- 
pared with placebo was able to reduce the incidence of fatal HRS 
associated with alcoholic hepatitis (p = 0.01) but had no effect on 
1-month survival.'*' A more robust multicenter, double-blind, 
randomized controlled trial including more than 1000 patients 
with alcoholic hepatitis showed that pentoxifylline, whether used 
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alone or in combination with prednisone, was no better than 
placebo in terms of improving mortality or preventing renal dys- 
function.'*” Therefore the use of pentoxifylline to prevent HRS 
in alcoholic hepatitis cannot be recommended. 


Prophylaxis Against Circulatory Dysfunction 


Large-volume paracentesis of more than 5 L is associated with the 
deterioration of systemic hemodynamics and with reduction in 
systemic vascular resistance and hence vasodilatation, the so-called 
postparacentesis circulatory dysfunction,'*’ and this is associated 
with an increased risk for ascites recurrence, hyponatremia, the 
development of renal failure, and death.'*’ A meta-analysis has 
shown that the use of albumin is able to reduce the incidence 
of postparacentesis circulatory dysfunction, but that albumin is 
no better than other volume expanders or vasoconstrictors in the 
prevention of renal impairment.'*’ However, further analysis in 
infected cirrhotic patients who undergo large-volume paracentesis 
showed that the use of albumin was able to reduce the incidence 
of renal impairment and death when compared with no albumin, 
with an odds ratio of 0.34.'*° This once again emphasizes the 
important role of infection in precipitating the development of 
renal dysfunction in cirrhosis, especially in situations where there 
is potential for further compromise of the circulation, where the 
need for prophylaxis against renal impairment becomes important. 


Avoidance of Nephrotoxic Drugs 


Nonsteroidal antiinflammatory drugs should not be given to cir- 
rhotic patients with ascites because the incidence of renal failure 
is 33% compared with 3% to 5% in the general population.'*” 
Nonsteroidal antiinflammatory drugs inhibit formation of intra- 
renal prostaglandins, which are vasodilatory compounds that 
counteract the effects of various vasoconstrictors on the renal 
circulation.'** Although in most cases the renal dysfunction is 
transient and renal function recovers on withdrawal of the non- 
steroidal antiinflammatory drug, in at least one third of patients 
the renal impairment can be permanent and is associated with 
reduced 3-month survival.'*’ Short-term use of cyclooxygenase 2 
inhibitors appear to be safe, but the effect of long-term use on 
renal function in cirrhosis is unknown.'” Patients with cirrhosis 
and ascites are predisposed to ATN with the use of aminoglyco- 
sides and thus use of these drugs should be avoided. Angiotensin- 
converting enzyme inhibitors and angiotensin II blockers result 
in arterial hypotension and predispose cirrhotic patients to the 
development of renal failure, and they therefore should not be 
prescribed.” 


Judicious Use of Diuretics 


Diuretic-induced renal impairment occurs in 20% of patients 
with ascites.” This happens when the rate of diuresis exceeds the 
rate of ascites reabsorption, resulting in reduction in the effective 
arterial blood volume. The renal failure is nearly always reversible 
with cessation of use of the diuretics. Patients with ascites and no 
edema are able to mobilize only maximally 700 mL of ascitic fluid 
per day. Any diuresis of more than 700 mL per day will occur at 
the expense of plasma volume contraction and the risk of renal 
insufficiency. Patients with peripheral edema appear to be pro- 
tected from these effects because of the preferential mobilization 
of edema and may safely undergo diuresis at a more rapid rate 
(greater than 2 kg/day) until edema disappears. 
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Chronic Kidney Disease in Cirrhosis 


The true prevalence of CKD in cirrhosis, as defined by a GFR of 
less than 60 mL/min for more than 3 months, is unknown. In a 
cohort of hospitalized cirrhotic patients, CKD as defined by an 
elevated serum creatinine concentration of more than 1.5 mg/dL 
for more than 3 months was found in 13% of patients.” The 
cause of CKD in this cohort was most commonly nephrotic 
syndrome, related to the presence of diabetes or systemic hyper- 
tension. This is similar to the prevalence of 15.6% reported in 
another study, which enrolled both inpatients and outpatients. 
This is in stark contrast to the CKD incidence of 1% found earlier 
in another cohort of hospitalized cirrhotic patients.’ This may be 
related to the rapidly rising prevalence of diabetes among patients 
with cirrhosis, especially in those with nonalcoholic steatohepati- 
tis as the cause of their liver disease. Among the hospitalized 
patients, HRS2 or HRS-CKD was not a very common cause of 
CKD, estimated to occur in 9% of all patients with functional 
renal failure,! which would yield an overall prevalence of just over 
1% for all cirrhotic patients admitted to hospital. Patients with 
HRS2 usually present with refractory ascites, and treatment is 
usually directed toward the management of the ascites. Most 
patients receive repeated large-volume paracentesis. In appropriate 
patients, a TIPS may be considered as the definitive treatment. 
For those patients with concomitant severe liver dysfunction, liver 
transplant would be more appropriate. 

Patients with HRS2 tend to have much lower priority for liver 
transplant, as their MELD score is usually lower; however, their 
clinical course is not particularly benign, especially if they also have 
hyponatremia.” Mortality of patients with ascites on the liver 
transplant waiting list remains high (> 20% at 180 days) despite 
a lower MELD score of less than 21.'” The controversy then 
becomes whether patients with HRS2 should also be given priority 
for liver transplant, especially if hyponatremia is a recurring issue. 
A study specifically assessing the survival benefits of providing liver 
transplant to patients with hyponatremia showed that a low serum 
sodium concentration did not affect posttransplant survival when 
the MELD score was 11 or less.” However, it is uncommon to 
find a patient with HRS2 who still has a MELD score of less than 
11, as the mildly elevated serum creatinine concentration will raise 
the MELD score. In the rare patient with HRS2 but a low MELD 
score, it is appropriate to insert a TIPS despite hyponatremia if 
there are no contraindications to insertion of a TIPS. 

In patients with pretransplant CKD who receive a liver trans- 
plant, there is a heavy burden of renal disease after transplant. In 
a study which included 40 patients with pretransplant CKD, 
defined as a serum creatinine concentration of more than 2 mg/ 
dL (> 176 Umol/L), 48% of whom had diabetes, the median 
estimated GFR at 1 year, 2 years, and 3 years after transplant was 
35 mL/min, 34 mL/min, and 37 mL/min, respectively. Twelve 
patients (30%) required dialysis at a median of 1.21 years after 
transplant and 16 patients (40%) had an estimated GFR of 
20 mL/min or less at 1.09 years after transplant. Mortality was 
35% at a median of 1.60 years after transplant,” further support- 
ing the need for consideration for timely liver transplant in this 
cohort of patients. The alternative is to offer simultaneous liver 
and kidney transplant for these patients. 


Conclusion 


‘The presence of renal dysfunction in patients with decompensated 
cirrhosis has long been recognized as an indicator of poor 
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prognosis. Advances in our understanding of the pathophysiology 
have led to increased treatment options with better outcomes. The 
more recent changes in the classification of renal dysfunction in 
cirrhosis as proposed by the IAC, once validated, will potentially 
allow patients with minor degrees of renal dysfunction to receive 
treatment. Exciting new developments include the use of bio- 
markers for diagnosis of AKI and for prognosis. It is envisaged 
that we will also have biomarkers that can indicate risk for the 
development of renal dysfunction, so that preventive measures can 
be applied to reduce renal dysfunction to a minimum, thereby 
improving the overall prognosis of these patients. 


SUMMARY 


Recent Progress 

e Renal dysfunction in cirrhosis is a heterogeneous group of diseases, of 
which the common feature is one of decreased renal function. This 
may be related to structural renal damage, or hemodynamic 
abnormalities affecting the renal circulation, or a combination of both. 
The course of renal dysfunction can be acute, chronic, or acute on 
chronic. 

e The major change in the field has been the revision of the definition of 
renal failure in cirrhosis, adopting the nomenclature used in nephrology 
for the cirrhotic population. Renal failure in cirrhosis is now classified 
as AKI, CKD, or AKI on CKD. 

e Inflammation plays a significant role in the pathogenesis of renal 
dysfunction in cirrhosis. 

e Various biomarkers are increasingly used to help identify the cause of 
renal dysfunction in cirrhosis. 

e [thas been recognized that small changes in renal function can have a 
negative impact on prognosis of patients with decompensated 
cirrhosis. 

e The progression of AKI to a more advanced stage of renal dysfunction 
in patients with decompensated cirrhosis can accelerate their demise. 

e More physicians are now treating their patients with AKI at an earlier 
stage of renal dysfunction, with the potential for improved patient 
outcome. 

e Systemic vasoconstrictors such as terlipressin are superior to oral 
vasoconstrictors such as midodrine in reversing renal dysfunction in 
decompensated cirrhosis. 


Key Knowledge Gaps 

e The role of various biomarkers in identifying patients with cirrhosis 
who are at risk for developing AKI 

e Biomarkers to identify injury mechanisms and track progression of 
renal dysfunction 

e Better understanding of the mechanisms whereby inflammation can 
cause renal damage 


Future Directions 

e Possible modification of the proposed IAC diagnostic criteria for AKI as 
results of validation studies become available 

e The development of universally effective therapy for renal dysfunction, 
especially for patients with severe renal dysfunction such as HRS. 

e Refinement of guidelines for liver transplant alone versus combined 
liver and kidney transplant for patients with liver failure and HRS. 

e Prevention of CKD associated with comorbid conditions such as 
diabetes in patients with cirrhosis so to reduce the burden of renal 
dysfunction in these patients 
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Cardiopulmonary Complications 
of Cirrhosis 


MOISES I. NEVAH, ASHA C. KURUVILLA, AND MICHAEL B. FALLON 


ABBREVIATIONS 


BNP brain natriuretic peptide 

CBDL common bile duct ligation 

CCM cirrhotic cardiomyopathy 

HO-1 heme oxygenase-1 

HPS hepatopulmonary syndrome 
iNOS inducible nitric oxide synthase 
mPAP mean pulmonary artery pressure 
PAH pulmonary arterial hypertension 
POPH portopulmonary hypertension 
TDI tissue Doppler imaging 

TIPS transjugular intrahepatic portosystemic shunt 
TNF-a tumor necrosis factor o 


Introduction 


The impact of cirrhosis on cardiac function was largely ignored 
until the 1960s because the enhanced basal cardiac output char- 
acteristic of the hyperdynamic circulation appeared to reflect 
normal contractile function. However, in 1969 two pioneering 
studies contradicted this common belief and found an attenuated 
cardiac responsiveness to both physiologic and pharmacologic 
challenges, a phenomenon initially ascribed to the presence of 
mild or latent alcoholic cardiomyopathy.'” During the following 
2 decades a number of other studies confirmed these findings of 
impaired cardiac function, but it was not until the late 1980s that 
the blunted cardiac responses were attributed to cirrhosis itself 
rather than to alcohol-related injury’* The term cirrhotic cardio- 
myopathy (CCM) was coined to describe the phenomenon in 
which baseline ventricular contractility is normal or increased yet 
there is a decreased cardiac response to stress. Stress may include 
pharmacologic agents, exercise, sudden intravascular volume 
shifts, and procedures such as transjugular intrahepatic portosys- 
temic shunts (TIPSs) and liver transplant.” ’ 


Definition and Diagnosis of Cirrhotic 
Cardiomyopathy 


There are no specific, widely accepted diagnostic criteria for CCM. 
The 2005 working group at the World Congress of Gastroenter- 
ology in Montreal established criteria for CCM including (1) 


systolic dysfunction—blunted cardiac response to stress or stimu- 
lus (exercise, drugs, infections, or procedures) despite increased 
baseline cardiac output and cardiac contractility; (2) diastolic 
dysfunction—age corrected E/A ratio (ratio between early [E] and 
late [A] ventricular filling velocities) less than 1.0, prolonged iso- 
volumetric relaxation time (>80 msec), or prolonged deceleration 
time (>200 msec); (3) supportive criteria—electrophysiologic 
abnormalities, abnormal chronotropic response, prolonged cor- 
rected QT interval (QTc interval), increased myocardial mass, 
electromechanical dyssynchrony, and/or abnormal levels of 
cardiac serologic markers (brain natriuretic peptide [BNP] and/ 
or troponin I). However, not all investigators and studies have 
used the same combination of criteria to make the diagnosis. 
Therefore clinicians must rely on a combination of tests to assess 
the features described previously. 

The most common tests include electrocardiography, echocar- 
diography with or without tissue Doppler imaging (TDI), and 
serologic markers. 


Electrocardiography 


Twelve-lead electrocardiography will detect QTc interval prolon- 
gation, which is the most common conduction abnormality 
observed in patients with CCM. QTc interval prolongation has 
been reported in 30% to 60% of cirrhotic patients.'*'” The wide 
variability in the percentage of patients with QTc interval prolon- 
gations reflects in part the multiple differing methods available to 
correct the QT interval for heart rate.'® 


Echocardiography 


Echocardiography evaluates real-time cardiac function and can 
detect both systolic and diastolic dysfunction. Baseline ejection 
fraction in patients with cirrhosis is similar to that in controls, 
although studies have revealed that there may be reduced ven- 
tricular wall compliance and enlarged atrial dimensions. ”?! In 
noncirrhotic patients with heart failure, diastolic dysfunction 
usually precedes systolic dysfunction. This finding and concept 
seems to hold true in cirrhotic patients as well. Most of the studies 
evaluating diastolic function in cirrhosis reveal a stiff, hypertro- 
phic left ventricle at rest.” The E/A ratio, a maker of left ventricu- 
lar function, is invariably reduced in patients with cirrhosis with 
diastolic dysfunction. Whether diastolic function is a precursor to 
systolic dysfunction under stress is yet unknown. 
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Tissue Doppler Imaging 


TDI measures the velocity of the myocardium through the phases 
of one or more heartbeats by the Doppler effect. It is evolving as 
a useful echocardiographic tool for quantitative assessment of left 
ventricular systolic and diastolic function and may enhance the 
detection of diastolic dysfunctions. Cirrhotic patients with abnor- 
mal TDI have more ascites, lower albumin levels, higher BNP 
levels, and a longer QTc interval than cirrhotic patients with 
normal tissue Doppler imaging.” 


Stress Testing 


Echocardiographic and radionuclide perfusion stress testing may 
detect cardiac systolic dysfunction in response to a stimulus. 
Impaired response to stress has been appreciated in cirrhotic 
patients, particularly in cirrhosis with ascites and more advanced 
liver disease. However, these tests have not been standardized for 
diagnosis of CCM.” 


Serologic Markers 


BNP and pro-BNP levels have been found to be elevated in 
patients with cirrhosis and appear to correlate with the severity of 
liver disease, diastolic dysfunction, and QTc interval prolonga- 
tion.” Whether these biomarkers specifically reflect cardiac dys- 
function or could result from cardiac chamber dilatation associated 
with volume overload related to end-stage liver disease is not yet 
established.” Nonetheless, reports suggest that elevated BNP 
levels may be associated with pre—liver transplant and post—liver 


transplant outcomes. Further studies are needed to verify these 
findings. ”*” 


Natural History and Epidemiology 


The actual prevalence of CCM is difficult to discern because of 
the frequent lack of symptoms in the absence of stress and uncer- 
tainty regarding diagnostic testing. As many as 50% of patients 
who undergo liver transplant develop signs of cardiac dysfunction 
after liver transplant, and one early report found that as many as 
7% of patients die of heart failure in the postoperative period. 
However, a direct relationship between CCM and these outcomes 
has not been established.” Data support that the degree of left 
ventricular dysfunction correlates with the severity of portal 
hypertension and synthetic dysfunction.***” This relationship 
appears to be similar to that for other end organs, including brain, 
kidneys, and gut, as well as the overall hyperdynamic circulation. 
In individuals with CCM, the ventricular contractile response to 
exercise or other stress progressively diminishes and QT interval 
prolongation is accentuated as liver function deteriorates. More- 
over, the relationship between circulatory changes and liver failure 
also holds when liver function improves. In patients with alcoholic 
liver disease, alcohol abstinence improves liver function and also 
hyperdynamic circulatory indices,” as does liver transplant in 
patients with pretransplant evidence of CCM.” 


Pathogenesis of Cirrhotic Cardiomyopathy 
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altered nitric oxide and carbon monoxide signaling, and inflam- 
matory mediators (Fig. 18-1). 


Cardiomyocyte Membrane Alterations 


Alterations in the membrane B-adrenergic receptor system, the 
primary regulator of myocardial contractility and membrane 
Ca™ and K* channel function, have been found after CBDL. 
B-Adrenergic receptor density and downstream signaling path- 
ways are decreased and are further inhibited by altered mem- 
brane fluidity due to increased cholesterol levels in cirrhosis.“ 
These events decrease contractility. In addition, membrane 
L-type calcium channel protein expression is also decreased, 
which impairs influx of Ca** into the cell and lowers intra- 
cellular levels, thereby further reducing contractility.“ Finally, 
reduction of two types of membrane K* currents, the Ca’*- 
independent transient outward K* current and the sustained 
delayed rectifier current, is found after CBDL.*’ Reduction of 
these K* currents may prolong the action potential and thus 
the QT interval. These events could explain the prolonged QT 
interval in CCM. 


Nitric Oxide and Carbon Monoxide Alterations 


Systemic or local cardiac overproduction of nitric oxide, from any 
of the three isoforms of nitric oxide synthase (NOS), may also 
play a role in cardiac contractile dysfunction.““*° In CBDL 
animals, overexpression of inducible NOS but not other isoforms 
(endothelial or neuronal NOS) occurs in cardiomyocytes. Further, 
NOS inhibition in isolated left ventricular papillary muscles 
improved cardiac function.“*“° 

In addition to alterations in nitric oxide production, cardiac 
expression of heme oxygenase 1, the enzyme responsible for 
carbon monoxide generation, is also increased after CBDL.” 
Further, treatment with a heme oxygenase inhibitor (zinc proto- 
porphyrin IX) restored the blunted contractile response in left 
ventricular papillary muscles.“ The precise mechanisms and roles 
of altered nitric oxide and carbon monoxide production in CCM 
require further investigation. 


Inflammatory Mediators: Tumor Necrosis 
Factor œ Signaling and Endocannabinoids 


Hepatic inflammation and bacterial translocation drive increased 
circulating tumor necrosis factor & (TNF-a) levels and signaling. 
TNF-© in turn induces NOS expression and activation through 
nuclear factor KB activation. Nuclear factor KB levels in the 
CBDL heart are increased, and nuclear factor KB antagonists 
improve function in isolated cardiomyocytes.** Therefore TNF-o 
may impair cardiac function by increasing the levels of NOS- 
derived NO. TNF- may also mediate effects through its increas- 
ing production of endocannabinoids by monocytes infiltrating 
the heart after CBDL.“”*! Treatment with a specific cannabinoid 
1 receptor improves contractility.” 


Clinical Features 


Most of the data regarding mechanisms of CCM come from 
evaluation of the common bile duct ligation (CBDL) model.***° 
Studies have focused on cardiomyocyte membrane alterations, 


The clinical features of CCM may be subtle or absent in the 
absence of physiologic or induced stress. Although case reports 
and series describe cardiac dysfunction after TIPS and transplant, 
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e Fig. 18-1 Pathogenetic changes of cirrhotic cardiomyopathy. CCM, Cirrhotic cardiomyopathy; 
HO-1, heme oxygenase 1; HRS, hepatorenal syndrome; iNOS, inducible nitric oxide synthase; QTc, cor- 
rected QT; TIPS, transjugular intrahepatic portosystemic shunt; TNF-a, tumor necrosis factor œ. 


whether these cases reflect CCM is undefined. However, studies 
have found that lower cardiac output in patients with ascites 
increases the risk of their developing hepatorenal syndrome. In 
addition, the presence of diastolic dysfunction has been shown to 
impair diuresis after TIPS and also may also adversely affect 
survival.” 


Management of Cirrhotic Cardiomyopathy 


Specific management recommendations are currently undefined 
because of the lack of definitive diagnostic criteria for CCM. 
Moreover, there are very few human studies on treatment of any 
manifestations of this syndrome.” In patients with QTc interval 
prolongation on electrocardiography and/or diastolic dysfunction 
on echocardiography, increased attention should be paid to spe- 
cific medications commonly used in cirrhosis (antidepressants, 
antibiotics, antifungals, etc.) which could lengthen the QTc inter- 
val. In this subset of patients who may have a higher propensity 


of cardiac dysfunction under stress, (surgery, TIPS, infection, 
hemorrhage, etc.) extra vigilance for cardiac symptoms is war- 
ranted. Those patients who develop signs of heart failure should 
be treated with considerations and treatment principles similar to 
those for noncirrhotic patients with congestive heart failure. After- 
load reduction should be done judiciously on the basis of the rela- 
tive vasodilatory state of cirrhosis and the risk of exacerbating 
hypotension and hypoperfusion. 

Limited human data suggest that chronic aldosterone blockade 
in cirrhosis is associated with improvement in left ventricular 
function as in noncirrhotic heart failure. Whether the common 
use of spironolactone in the management of cirrhotic ascites has 
a beneficial effect on cardiac function has not been studied.” 

The role of liver transplant for CCM has not been fully defined. 
A small single-center study found that features of CCM are 
relieved after liver transplant.” However, other studies have shown 
that pretransplant diastolic dysfunction is associated with poor 
posttransplant outcomes.” 
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Pulmonary Vascular Complications 
in Liver Disease 


Respiratory symptoms and gas exchange abnormalities are 
common in patients with chronic liver disease and may be second- 
ary to a variety of causes, including cardiopulmonary disorders 
(Table 18-1). However, in the last 2 decades two pulmonary 
complications unique to patients with chronic liver disease and/ 
or portal hypertension have emerged: hepatopulmonary syn- 
drome (HPS) and portopulmonary hypertension (POPH). This 
section will highlight the epidemiology, clinical features, and 
management of these unique pulmonary vascular complications 
of liver disease (Fig. 18-2). 


The Spectrum of Pulmonary 
Abnormalities in Liver Disease 


Dyspnea, gas exchange abnormalities, and abnormal pulmonary 
function test results are common in cirrhosis. Table 18-1 lists the 
common causes of pulmonary abnormalities in liver disease. 
Chronic obstructive pulmonary disease and congestive heart 
failure are pulmonary complications that may be present in 
patients both with and without liver disease. In patients with cir- 
thosis and portal hypertension, the presence of ascites and/or 
hepatic hydrothorax may result in pulmonary restriction. In addi- 
tion, sarcopenia associated with advanced liver disease may also 
cause dyspnea. In a small subset of patients, specific liver diseases 
are associated with unique pulmonary parenchymal abnormali- 
ties, including pulmonary granulomas or fibrosing alveolitis in 
primary biliary cholangitis and panacinar emphysema in t,- 
antitrypsin deficiency. Finally, alveolar microvascular alterations 
in HPS and vasoconstriction and remodeling in resistance vessels 
in POPH, two unique pulmonary vascular complications, may 
develop in 20% to 30% and in 5% to 10%” of patients 
with liver disease being evaluated for liver transplant. 


WAS Pulmonary Abnormalities in Chronic 
LAE Liver Disease 


Intrinsic Cardiopulmonary Disease 


Chronic obstructive pulmonary disease 
Interstitial lung disease 

Congestive heart failure 

Pneumonia 

Asthma 


Related to Liver Disease 


Associated with specific liver diseases 
Panacinar emphysema (c,-antitrypsin deficiency) 
Fibrosing alveolitis, pulmonary granulomas (primary biliary 
cholangitis) 
Associated with complications from cirrhosis and/or portal 
hypertension 
Ascites 
Hepatic hydrothorax 
Muscular wasting/debilitation 
Specific pulmonary vascular abnormalities 
Hepatopulmonary syndrome 
Portopulmonary hypertension 
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Hepatopulmonary Syndrome 

Definition 

HPS results from alveolar microvascular dilatation, and/or angio- 
genesis that develops in a subgroup of patients with liver disease 
and/or portal hypertension. This syndrome is defined by a triad 
of hepatic dysfunction or portal hypertension, a widened alveolar- 
arterial oxygen gradient with the patient breathing on room air, 
and the presence of intrapulmonary vasodilatation (IPVD).’*” 
Although the association between pulmonary dysfunction and 
liver disease has been recognized for more than 100 years,” the 
term hepatopulmonary syndrome (HPS) was not used until 1977,”° 
when the concept emerged that IPVD caused the gas exchange 
abnormalities in affected patients. It is now recognized that 
as many as 40% to 60% of cirrhotic patients have detectable 
IPVD”*' and that up to 30% will develop impaired oxygenation 
leading to significant functional limitations.°°* Early definitions 
emphasized the need to exclude intrinsic cardiopulmonary disease 
or hepatic hydrothorax i to make the diagnosis of HPS." However, 
it is now clear that HPS may occur in the setting of other cardio- 
pulmonary abnormalities”*’ and may contribute significantly to 
gas exchange abnormalities in these patients. 

The severity of HPS is graded on the basis of the degree 
of hypoxemia as mild (PaO, 280 mm Hg), moderate (PaO, 
260 mm Hg to <80 mm Hg), severe (PaO, 250 mm Hg to 
<60 mm Hg), and very severe (PaO, <50 mm Hg).” 


Epidemiology 

HPS is most commonly diagnosed in individuals with cirrhosis 
and portal hypertension. However, it has also been described in 
noncirrhotic portal hypertension (prehepatic portal hypertension, 
nodular regenerative hyperplasia, congenital hepatic fibrosis, and 
hepatic venous outflow obstruction)***° and hepatic dysfunction 
in the absence of established portal hypertension (acute and 
chronic hepatitis).°’* Two cases of intrapulmonary shunting 
and HPS have been reported in patients with metastatic carcinoid 
and normal liver function but with no evidence of portal hyper- 
tension,” suggesting that tumor-derived vasoactive substances 
may have triggered IPVD. Finally, a syndrome similar to HPS has 
been found in children with congenital cardiovascular abnormali- 
ties that result in reduced hepatic venous drainage to the lungs.’ 
This observation supports the belief that factors normally pro- 
duced or metabolized in the liver modulate vascular tone and/or 
angiogenesis. 

A retrospective analysis of 75 liver transplant candidates 
showed a higher prevalence of HPS in those with a viral cause of 
cirrhosis as opposed to alcoholic cirrhosis.” However, on the basis 
of prior multicenter studies, there is no conclusive evidence that 
the cause of cirrhosis influences the risk of developing HPS.” In 
addition, there is some controversy as to whether the presence or 
severity of HPS correlates with the degree of hepatic synthetic 
dysfunction,°°*°*'"®"” although the largest prospective multi- 
center database did not reveal an association between the two.” 
One recent retrospective cohort analysis of liver transplant candi- 
dates in the Organ Procurement and Transplantation Network 
liver database in Canada between 1988 and 2006 found a negative 
association between altitude and HPS, raising the possibility that 
lower ambient oxygen levels at higher elevation may counteract 
alveolar microvascular vasodilation and mitigate HPS.” 


Pathogenesis 
Our understanding of the pathogenesis of HPS is derived largely 
from the rat CBDL model which supports a role for both 
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e Fig. 18-2 Pathogenetic changes in hepatopulmonary syndrome and portopulmonary hypertension. 
Hepatic injury and/or portal hypertension influences the production and release of vasoactive mediators 
and cytokines and modulates vascular shear stress. In experimental hepatopulmonary syndrome, pulmo- 
nary vasodilatation results when endothelin 1, produced in the liver, is released into the circulation and 
stimulates pulmonary vascular endothelial nitric oxide synthase (eNOS)-derived nitric oxide production 
through an increased number of type B endothelin receptors (ETB). Macrophages also accumulate in the 
vascular lumen and produce nitric oxide from inducible nitric oxide synthase (iNOS) and carbon monoxide 
from heme oxygenase 1 (HO-1), contributing to vasodilatation. In addition, intravascular macrophages 
also produce vascular endothelial growth factor A (VEGF-A), which may contribute to angiogenesis in 
hepatopulmonary syndrome. In POPH similar events, possibly modified by genetic factors and the inflam- 
matory response, may cause endothelial injury, resulting in smooth muscle proliferation and vascular 
remodeling. TNF-a Tumor necrosis factor a; VEGFR-2, vascular endothelial growth factor receptor 2. 
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vasodilation“ and angiogenesis as pathogenetic mechanisms for 
IPVD and HPS.” After CBDL, a cascade of mediators, includ- 
ing bile duct—derived endothelin 1 and circulating TNF-a,'°°'” 
reach the pulmonary microvasculature and drive alterations. These 
alterations include endothelin B receptor—driven increased endo- 
thelial NOS activity and nitric oxide production in endothelial 
cells'0°'°"'!!"” and activation of the CX3CL1 chemokine system, 
resulting in monocyte adherence in the microvasculature. °° 
Monocytes in turn produce heme oxygenase—derived carbon 
monoxide!” and inducible NOS-derived nitric oxide and vascu- 
lar endothelial growth factor,” which contribute to vasodilation 
and angiogenesis.'”*''® Accordingly, TNF-o inhibition, endothe- 
lin B receptor blockade, heme oxygenase and CX3CL1 inhibi- 
tion, and antiangiogenics all relieve experimental HPS.''''’’ In 
humans, portal venous endothelin 1 levels are higher in individu- 
als with IPVD and correlate with the degree of bile duct prolifera- 
tion on biopsy relative to individuals without IPVD.'"* Moreover, 
genetic variation in genes associated with angiogenesis is more 
common in patients with HPS than in controls with cirrhosis but 
no HPS.'” Finally, circulating carboxyhemoglobin levels, reflect- 
ing heme oxygenase—derived carbon monoxide production, are 
elevated in HPS patients.''° These observations suggest that results 
in the CBDL model may have relevance to human disease (see 
Fig. 18-2). 


Clinical Features 

Most patients with HPS are either asymptomatic or develop the 
insidious onset of dyspnea (Table 18-2). Classically, an increase 
in dyspnea with standing (platypnea) and hypoxemia exacerbated 
in the upright position (orthodeoxia) have been described in HPS, 
attributed to the predominance of vasodilatation in the lung bases 
and the increased blood flow through these regions when the 
patient is upright.''’ However, these findings are uncommon and 
are of limited diagnostic utility.°°''® Several other clinical signs, 
including spider angiomas, digital clubbing, and cyanosis, are 
commonly described in individuals with HPS but also have not 
been prospectively evaluated as diagnostic indicators. In addition, 
because respiratory symptoms are common and may coexist with 
poor physical condition, smoking, ascites, and/or intrinsic lung 
disease in cirrhosis, the diagnosis of HPS may be delayed and HPS 
may be identified only after severe arterial hypoxemia has ensued. 
Finally, sleep-time oxygen desaturation also appears to occur com- 
monly in patients with HPS and may worsen hypoxemia at 
night. 

Chest radiography and pulmonary function tests are often 
performed to evaluate dyspnea. In HPS the chest radiogra- 
phy findings are most commonly normal but may reveal lower 
lobe interstitial changes that may be confused with pulmonary 
fibrosis. Pulmonary function tests typically demonstrate well- 
preserved spirometry and lung volumes in HPS. However, the 
diffusing capacity of the lungs for carbon monoxide is often sig- 
nificantly reduced and may suggest the diagnosis. Unfortunately, 
the diffusing capacity of the lungs for carbon monoxide is also 
commonly decreased in cirrhosis in the absence of HPS, and the 
diagnostic utility of a reduced value has not been established.'*°'*! 


Diagnosis 

A high index of suspicion is needed to identify HPS in patients 
with chronic liver disease and/or portal hypertension. The thresh- 
old for pursuing the diagnosis may be influenced by a number 
of factors, including the presence of specific signs and symptoms 
and/or risk factors for intrinsic cardiopulmonary disease, as well 
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WAJE Characteristics of Hepatopulmonary Syndrome 
LE and Portopulmonary Hypertension 


Key Features 


Intrapulmonary vasodilatation 
and/or angiogenesis 

Develops with hepatic 
synthetic dysfunction and/or 
portal hypertension 

Present in 15-30% of patients 
with cirrhosis 

Liver transplant generally 


Intrapulmonary vasoconstriction 
and arterial remodeling 

Develops in setting of portal 
hypertension 

Present in 2-10% of patients 
with advanced liver disease 

Liver transplant only beneficial 
in limited and selected cases; 


curative often contraindicated 
Symptoms 
May be asymptomatic Often asymptomatic 
Dyspnea Dyspnea (most common) 
Platypnea Chest pain 
Syncope 
Signs 


Spider angiomas 
Digital clubbing 
Cyanosis 


Jugular distention 
Accentuated P2 

Tricuspid regurgitation murmur 
Anasarca 


Arterial Blood Gases 


Widened AaPo, common 
Hypoxemia 


Widened AaPo, uncommon 


Pulmonary Function Tests 


Decreased DLCO Normal 

Chest Radiography 

Normal or basilar interstitial Normal or prominent PA/ 
changes right-sided heart chambers 


AaPoz, Alveolar-arterial oxygen gradient; Dico, diffusing capacity of the lungs for carbon 
monoxide; P2, pulmonic second sound; PA, pulmonary artery. 


as the consideration of liver transplant. Specifically, evaluation is 
appropriate in all patients with dyspnea and/or displaying club- 
bing or cyanosis. In patients with specific risk factors (smoking 
and other cardiovascular risk factors, occupational exposure, liver 
diseases associated with intrinsic lung disease), assessment of 
the presence and severity of intrinsic cardiopulmonary disease is 
crucial. In patients being considered for liver transplant, regard- 
less of the presence of symptoms, evaluation is appropriate and 
appears cost-effective." In this latter group it is particularly 
important to diagnose and differentiate HPS and POPH, given 
that the presence of these disorders may influence treatment and 
transplant candidacy and priority. 

The diagnosis of HPS relies on documentation of the presence 
of arterial gas exchange abnormalities resulting from IPVD in the 
appropriate clinical setting. An overview of the evaluation of HPS 
in liver transplant candidates is outlined in Fig. 18-3. Gas exchange 
abnormalities are generally detected by arterial blood gas measure- 
ments and have been defined as a widened alveolar-arterial oxygen 
gradient (AaPO, >15mm Hg when aged <64 years or AaPO, 
>20mm Hg when aged >64 years) with or without hypoxemia 
(PaO, <70 mm Hg) in HPS. The inclusion of mild gas exchange 
abnormalities in the definition of HPS detects “early” disease and 
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e Fig. 18-3 Overview of hepatopulmonary syndrome in patients undergoing liver transplant evalua- 
tion. ABG, Arterial blood gases; CT, computed tomography; CTE, contrast transthoracic echocardiogram; 
CXR, chest X-ray; HPS, hepatopulmonary syndrome; MAA, technetium-99m-labeled macroaggregated 
albumin scan; MELD, Model for End-Stage Liver Disease; OLT, orthotopic liver transplant; Ox, oximetry; 
Pao2, partial pressure of oxygen in arterial blood; PFT, pulmonary function test; TTE, transthoracic 


echocardiogram. 


may be important on the basis of findings that mortality is 
increased in HPS cirrhotic patients relative to non-HPS cirrhotic 
patients, even when gas exchange abnormalities are mild.°”*’ 
Obtaining arterial blood gases with the patient in the sitting posi- 
tion may enhance the detection of arterial deoxygenation in HPS 
because of the predominance of vasodilatation in the lower lung 
fields. Pulse oximetry is an alternative noninvasive screening 
modality that indirectly measures oxygen saturation and can 
screen for arterial hypoxemia. A pulse oximetry threshold Spo, 
value of 96% or less is highly sensitive (100%) and specific (88%) 
in detecting patients with HPS and a Pao, of less than 70 mm Hg 
in the setting of a standardized protocol. However, the utility of 
routine clinic pulse oximetry measurements in detecting hypox- 
emia is not fully defined." 

IPVD can be detected by contrast echocardiography, lung 
perfusion scanning, pulmonary angiography, and high-resolution 
chest computed tomography scanning. Two-dimensional trans- 
thoracic contrast echocardiography is the most sensitive and most 
commonly used screening technique. Typically, agitated saline is 
used as a contrast agent because the microbubbles are visible on 
echocardiography (Fig. 18-4). A positive test for IPVD occurs 
when intravenously administered microbubbles are visualized late 
(more than three cardiac cycles) in the left cardiac chambers.” 
Immediate visualization of injected contrast agent in the left side 
of the heart indicates intracardiac shunting. Transesophageal con- 
trast echocardiography may increase the sensitivity of detecting 
IPVD compared with transthoracic echocardiography but is inva- 
sive and more expensive.””'””'*° Echocardiography can also assess 


cardiac function and estimate pulmonary artery systolic pressure, 
and is useful to screen patients for cardiac dysfunction and POPH. 
As many as 40% to 60% of patients with cirrhosis and normal 
arterial blood gases may have a positive contrast echocardiogram, 
suggesting that mild IPVD insufficient to alter gas exchange is 
common in patients with cirrhosis.””*' Also, a positive result on 
contrast echocardiography by itself in a hypoxemic patient with 
concomitant pulmonary dysfunction (pleural effusion, chronic 
obstructive pulmonary disease) does not establish HPS as a cause 
of gas exchange abnormalities, because either IPVD or the under- 
lying pulmonary process could be responsible. In these patients 
additional testing with radionuclide lung perfusion scanning may 
be useful. 

Radionuclide lung perfusion scanning using technetium- 
99m-labeled macroaggregated albumin (””"T'c-MAA) particles is 
another method for detecting IPVD (Fig. 18-5). In this test, 
macroaggregated albumin particles 20 um in size are injected 
intravenously. Normally, all particles are trapped in the lung 
microvasculature. In HPS some particles escape through abnor- 
mal capillaries and lodge in downstream capillary beds. Quanti- 
tative imaging of the lung and brain by a standardized method 
allows the calculation of a shunt fraction.”””'*” The ”™TcMAA 
scan offers one significant advantage over contrast echocardiogra- 
phy: a positive scan (shunt fraction >6%) indicates the presence of 
HPS sufficient to cause hypoxia even in the setting of coexisting 
intrinsic lung disease.” In addition, it can be used to quantify 
intrapulmonary shunting and is useful for following the progres- 
sion and/or resolution of the disease prospectively. However, as 
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a screening test, °™TcMAA scanning is less sensitive than con- 
trast echocardiography in detecting IPVD, and cannot evaluate 
cardiac function or intracardiac shunting, or estimate pulmonary 
artery pressures. 

Pulmonary angiography is an invasive and insensitive diagnos- 
tic modality for detecting IPVD in HPS and is not useful as a 
screening test. Two types of angiographic findings have been 
reported: type 1, a diffuse spongiform appearance of pulmonary 
vessels during the arterial phase; and type 2, small discrete arte- 
riovenous communications. Most patients with HPS have either 
normal angiograms or type 1 findings even when hypoxemia is 
severe. Therefore angiography has a very limited diagnostic and 
therapeutic role in HPS.'**'” 

High-resolution chest computed tomography may be a less 
invasive radiologic method to detect dilated pulmonary vessels 
and intrapulmonary shunting in HPS.””’**'*' However, this tech- 
nique has not been formally evaluated and the sensitivity and 
specificity are unknown. 


Therapy 

No established medical therapy is available for HPS. Somatosta- 
tin,” almitrine, indomethacin,” inhaled (nebulized) N°-nitro-L- 
arginine methyl ester,’ j aspirin,” and plasma exchange have 
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e Fig. 18-4 Contrast echocardiogram for detecting intrapulmonary 
vasodilatation. A, Parasternal four-chamber view of the heart before the 
administration of agitated saline contrast agent. B, Four-chamber view 
immediately after the administration of contrast agent, demonstrating the 
presence of echogenic microbubbles in the right atrium (RA) and right 
ventricle (RV) immediately after injection of agitated saline into the ante- 
cubital vein. C, Three cardiac cycles after visualization on the right side 
of the heart, echogenic microbubbles are seen in the left atrium (LA) and 
left ventricle (LV) because of intrapulmonary vasodilatation in a patient 
with hepatopulmonary syndrome. Intracardiac shunting results in the 
immediate passage of microbubbles from the right chambers to the left 
chambers without a three-cycle delay and can be excluded with use of 
this technique. 


all been tried without clear benefit.” Three case reports,” 
one open label trial,” and a two randomized controlled trials of 
garlic extracts'“”'*' have found an improvement in oxygenation in 
a subset of patients. In one trial, garlic powder administered for 
a minimum of 6 months resulted in a greater than 10 mm Hg 
increase in PaO, in 40% of patients.“ Pentoxifylline, a phospho- 
diesterase inhibitor with known mild TNF-a and nitric oxide 
inhibitory properties, has been linked to improved oxygenation in 
experimental HPS.'°”'** However, in two small pilot human trials 
the results are conflicting, *'“* and in one of them side effects 
were common.“ There is one case report of relief of HPS with 
norfloxacin therapy; “° however, a small randomized trial of nor- 
floxacin, designed to inhibit bacterial translocation and TNF-a 
production, did not find that norfloxacin therapy relieved HPS." 
These studies highlight the importance of randomized multicenter 
clinical trials to identify the need therapeutic options based on 
underlying pathogenic mechanisms. 

Case reports and one case series have evaluated the effects of 
TIPS on HPS in cirrhosis." Conflicting results on oxygen- 
ation have been described, and a clear recommendation regarding 
TIPS for HPS cannot be made. Some groups think TIPS should 
not be withheld in patients with HPS who are being considered 
for TIPS for other indications.’ 


e Fig. 18-5 Technetium-99m-labeled macroaggregated albumin scan- 
ning to detect and quantify intrapulmonary shunting in hepatopulmo- 
nary syndrome. Left: Normal technetium-99m-labeled macroaggregated 
albumin (Tc-MAA) scan with regions of interest drawn around the lungs 
and cerebrum. In the absence of intrapulmonary vasodilatation, little of the 
intravenously administered labeled albumin passes through the lungs and 
signal intensity is low in the cerebrum. Shunting is quantified by compari- 
son of the relative signal intensity in the lung versus that in the brain. Right: 
An abnormal Tc-MAA scan in hepatopulmonary syndrome demonstrates 
significant cerebral uptake attributable to the passage of labeled albumin 
through the dilated pulmonary microvasculature. (Reproduced from 
Abrams GA, et al. Use of macroaggregated albumin lung perfusion scan 
to diagnose hepatopulmonary syndrome: a new approach. Gastroenterol- 
ogy 1998;114:305-310.) 


Prognosis and Natural History 

The natural history of HPS is incompletely characterized, although 
quality of life and survival are adversely affected by its presence.“ 
Over time, most patients appear to develop progressive IPVD and 
worsening gas exchange, and spontaneous improvement is rare. 
Mortality is significant in patients with HPS and is significantly 
increased relative to unaffected cirrhotic patients.°”””'” In addi- 
tion, many patients with moderate to severe HPS have compara- 
tively well-preserved hepatic synthetic function, making it likely 
that the presence of HPS will independently contribute to poor 
outcomes.°”°!* 

Currently, liver transplant is the only effective treatment 
for patients with HPS.””’”? An early prospective study in 24 
patients with HPS found that mortality after liver transplant 
was markedly increased in severe HPS, in part because of the 
development of unique postoperative complications recognized 
in HPS patients. A perioperative PaO, of 50 mm Hg or less, 
either alone or in combination with a macroaggregated albumin 
shunt fraction of 20% or greater, was the strongest predictor of 
postoperative death.'**'” Several subsequent reports confirmed 
these results.°7°?*°' On the basis of the finding of inferior 
outcomes in patients with severe HPS, patients with HPS and 
a PaO, less than 60 mm Hg are eligible to receive Model for 
End-Stage Liver Disease (MELD) exception points to acceler- 
ate access to liver transplant and improve outcomes. *®!® More 
recently, several single-center reports have found that outcomes 
in highly selected patients with severe HPS are excellent and 
similar to those of patients who received a transplant for other 
indications.'””'°' Moreover, a recent analysis of the Scientific Reg- 
istry of Transplant Recipients found that mortality after liver 
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transplant in patients transplanted with MELD exception for 
HPS is adversely influenced at lower PaO, values than previously 
found (PaO, <45mm Hg). Together, these studies highlight 
the need to more precisely define the mechanisms through which 
HPS influences liver transplant outcomes. 


Portopulmonary Hypertension 


Definition 

POPH is defined by the World Health Organization and the 
European Respiratory Society Task Force'®’ as a mean pulmonary 
artery pressure (mPAP) of more than 25 mm Hg at rest, or more 
than 30 mm Hg during exercise; a mean pulmonary capillary 
wedge pressure of less than 15 mm Hg; and elevated pulmonary 
vascular resistance (PVR) (>240 dyne-seconds/cm””) occurring in 
the setting of portal hypertension®”””'® POPH falls under group 
1.4.3 of the modified World Health Organization classification 
(Dana Point 2008).'°*"° The presence of portal hypertension may 
manifest itself as thrombocytopenia, splenomegaly, and portosys- 
temic shunts, and may be confirmed by hemodynamic measure- 
ments.” Cirrhosis itself is not necessary for the development of 
POPH because some prehepatic portal hypertension may also be 
associated with the development of POPH.'%'°7' 

The diagnosis of POPH poses unique challenges because of the 
frequent presence of a hyperdynamic circulation’ and volume 
overload associated with portal hypertension, which may increase 
mPAPs in the absence of increased pulmonary vascular resistance. 
Individuals with an elevated mPAP with normal pulmonary vas- 
cular resistance do not have pulmonary arterial hypertension 
(PAH). Some groups advocate using the transpulmonary gradient 
as a means to define if elevated mPAPs are accompanied by 
increased pulmonary vascular resistance in this setting (transpul- 
monary gradient = mPAP — pulmonary capillary wedge pressure, 
>12 mm Hg consistent with increased pulmonary vascular resis- 
tance).”” The severity of POPH is classified by the elevation in 
mPAP as mild (mPAP between 25 mm Hg and 35 mm Hg), 
moderate (mPAP between 35 mm Hg and 45 mm Hg), and 
severe (mPAP >45 mm Hg). Patients with moderate and severe 
POPH (mPAP >35 mm Hg) appear to have higher operative 
mortality and are targeted for medical therapy. 617° 


Epidemiology 

The infrequent association between PAH and portal hypertension 
was initially described in 1951.'’' The term portopulmonary hyper- 
tension (POPH) was first used by Yoshida et al." in 1993. In the 
last several decades, portal hypertension has become recognized 
as a common secondary cause of PAH. POPH occurs most com- 
monly in patients with cirrhosis and portal hypertension”! but is 
also observed in patients with portal hypertension in the absence 
of cirrhosis, suggesting that portal hypertension is the predispos- 
ing condition.” The prevalence of POPH is 2% on the basis of 
the largest prospective study (7 = 507) of patients with portal 
hypertension.” Other studies, including the REVEAL registry 
and POPH experience from liver transplant centers, have found 
a prevalence of 5% to 10%.””” Although there are no definitive 
clinical predictors of POPH in patients with portal hypertension, 
a multicenter U.S. study found an increased risk of developing 
POPH in female patients with autoimmune hepatitis and a 
decreased risk in patients with hepatitis C as the cause of liver 
disease.” The prevalence and severity of POPH do not appear to 
correlate with the degree of hepatic synthetic dysfunction or the 
severity of portal hypertension.“ Although mainly seen in adults, 
POPH also occurs in the pediatric age group.” 
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Pathogenesis 

The pulmonary abnormalities of POPH occur in the resistance 
arterial vessels and mimic those in primary pulmonary hyperten- 
sion (see Fig. 18-2). These abnormalities include medial hypertro- 
phy, intimal thickening, plexiform arteriopathy, and in situ 
thrombosis.'“°'”” The underlying mechanisms in POPH remain 
incompletely understood, and no animal models have been devel- 
oped. To date, all patients with POPH have been found to have 
portal hypertension, suggesting that some consequence of elevated 
portal pressures is critical for the development of pulmonary 
hypertension. Accordingly, the hyperdynamic circulatory state, °° 
which causes increased vascular shear stress and portosystemic 
shunting that lead to altered production or metabolism of vasoac- 
tive substances, has been hypothesized to contribute to the vascu- 
lar changes present in POPH.” 

A number of specific endothelial and circulating factors (pros- 
tacyclin, thromboxane, endothelin 1)'*'®® and genetic poly- 
morphisms in genes regulating vascular proliferative responses 
(transforming growth factor B receptor superfamily) might con- 
tribute to POPH as they do to PAH. Of these, the endothelin 1 
system is the best studied, with one study demonstrating elevated 
endothelin 1 levels in patients with POPH as opposed to those 
with cirrhosis but no POPH.'”*'” Elevated free plasma serotonin 
levels and genetic polymorphism in serotonin handling predispose 
to PAH, but a recent publication has demonstrated that the pres- 
ence of these factors is not associated with the risk of developing 
POPH.'**'** Similarly, mutations in the gene that codes for bone 
morphogenetic protein receptor type II cause some forms of PAH 
but have not been reported in POPH.'*? 

Because only a fraction of the patients with portal hypertension 
actually develop POPH, this led to the hypothesis that underlying 
genetic susceptibilities might play a role. One study looking at 
various single nucleotide polymorphisms found that genetic varia- 
tions in the genes encoding estrogen receptor 1 and aromatase 
were associated with the risk of POPH, independent of sex." 
Other studies have found that POPH is more common in women 
than in men. "41% The precise role of estrogen signaling in POPH 
is yet to be defined, and this continues to be a research hypothesis 
of interest.'*°"*” 


Clinical Features 
Symptoms are nonspecific in POPH, and many patients are 
asymptomatic.” The most common symptom, as in HPS, is 
dyspnea on exertion. As the disease advances, progressive fatigue, 
dyspnea at rest, peripheral edema, syncope, and chest pain may 
develop.” Edema, syncope, and chest pain are not characteristic 
of HPS (see Table 18-2). On physical examination elevated jugular 
pressure, a loud pulmonary component of the second heart sound, 
a systolic murmur resulting from tricuspid regurgitation, and 
lower extremity edema are common features of pulmonary hyper- 
tension but their frequency in POPH is not defined. Electrocar- 
diographic abnormalities seen in patients with pulmonary 
hypertension may also be present in POPH, and consist of right 
atrial enlargement, right ventricular hypertrophy, right axis devia- 
tion, and/or right bundle branch block. Radiographic findings are 
generally subtle but in advanced cases a prominent main pulmo- 
nary artery or cardiomegaly attributable to prominent right 
cardiac chambers may be appreciated. Gas exchange abnormalities 
are generally mild and less severe than in HPS. An increased 
AaPO, with mild hypoxemia and hypocarbia may be seen, par- 
ticularly in severer disease.°”'** 

Other causes of dyspnea in patients with cirrhosis and portal 
hypertension, including intrinsic lung disease, deconditioning, 
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muscle wasting, ascites, hepatic hydrothorax, and HPS, should be 
considered when the diagnosis of POPH is entertained. In addi- 
tion, other causes of elevated pulmonary pressures and/or right- 
sided heart failure, including left ventricular dysfunction, volume 
overload, and chronic obstructive lung disease, may present with 
clinical features similar to those of POPH. 

One retrospective study documented nocturnal oxygen desatu- 
ration that was unrelated to lung function or sleep apnea in 
patients with moderate to severe POPH, suggesting the need for 
overnight screening and oxygen supplementation in those patients 
with moderate to severe POPH.'*” 


Diagnosis 

Because patients with POPH may be asymptomatic and the diag- 
nostic utility of various clinical features (systemic hypertension, 
accentuated pulmonic second sound, electrocardiographic and 
chest radiographic abnormalities) is low,'”’ the diagnosis requires 
a high index of suspicion. In general, in patients not being evalu- 
ated for liver transplant, the presence of compatible symptoms 
and signs, in the absence of other cardiopulmonary disease, signals 
the need for screening patients for POPH. In all patients being 
evaluated for liver transplant, regardless of signs or symptoms, 
screening is warranted because the presence of POPH may influ- 
ence transplant candidacy. "> 

Although Doppler transthoracic echocardiography is the best 
noninvasive screening study to detect POPH, right-sided heart 
catheterization remains the gold standard for diagnosis'”!” 
(Fig. 18-6). If echocardiography is combined with intravenous 
contrast agent injection, screening a patient for HPS and POPH 
can be accomplished simultaneously. The presence of pulmonary 
hypertension is suggested by an increased estimated pulmonary 
artery systolic pressure (derived by measurement of the velocity 
of the tricuspid regurgitant jet), pulmonic valve insufficiency, 
right atrial enlargement, and/or right ventricular hypertrophy or 
dilatation. Several studies have evaluated the utility of estimated 
pulmonary artery systolic pressure measurements in the diagnosis 
of POPH.74 16417019019519% However, the precise methods for esti- 
mating pulmonary artery systolic pressures are not standardized 
among studies and affect the operating characteristics of echo- 
cardiographic screening. From a practical perspective, finding an 
estimated pulmonary artery systolic pressure of more than 40 to 
45 mm Hg, particularly if right atrial and/or right ventricular 
abnormalities are also present, should trigger further evaluation. 
The most common causes of a false-positive echocardiogram are 
elevated pulmonary venous pressures caused by the hyperdynamic 
circulatory state of cirrhosis and volume overload.” 

Patients with suggestive echocardiographic findings should 
undergo right-sided heart catheterization to confirm elevated 
mPAP and to exclude pulmonary venous hypertension. Direct 
measurement of pulmonary artery pressures, pulmonary capillary 
wedge pressure, and cardiac output and calculation of systemic 
and pulmonary vascular resistance should be done. Responsive- 
ness to a number of vasodilator agents, most frequently nitric 
oxide and/or epoprostenol, may be measured in those with con- 
firmed POPH in an effort to predict a favorable response to long- 
term vasodilator therapy. However, the utility of vasodilator 
testing in the management of POPH has not been established. 


Treatment 

Medical treatment of POPH is based largely on studies in patients 
with primary pulmonary hypertension, as well as clinical experi- 
ence. Treatment with vasodilators is the mainstay of therapy 
and can reverse the vasoconstriction associated with POPH but 
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e Fig. 18-6 Diagnostic approach to portopulmonary hypertension. The difference between the hyper- 
dynamic state and volume overload is an elevated cardiac index in the hyperdynamic state. CTE, Contrast 
transthoracic echocardiography; HTN, hypertension; mPAP mean pulmonary artery pressure; NL, normal; 
OLT, orthotopic liver transplant; PASP pulmonary artery systolic pressure; PCWP pulmonary capillary 
wedge pressure; PPHTN, portopulmonary hypertension; PVR, pulmonary vascular resistance; TTE, trans- 


thoracic echocardiography. 


does not appear to influence fibrotic and proliferative remodeling 
changes. The use of B-adrenergic blockers in patients with POPH 
is controversial because of the potential risk of cardiac depression, 
worsening pulmonary hemodynamics, and decreased exercise 
capacity.'”’ Therefore variceal prophylaxis may require endoscopic 
intervention. 

In general, the use of TIPS is contraindicated in moderate to 
severe POPH. Whether TIPS is an effective therapy in well- 
controlled POPH ha not been not studied.””'”*!”” Diuretics are 
often required to control fluid retention in cirrhosis and portal 
hypertension, and this requirement may be significantly increased 
in the setting of right-sided heart failure attributable to POPH. 
However, diuretics should be used with particular caution in 
POPH because intravascular volume depletion may critically 
reduce the cardiac output by decreasing right ventricular preload. 
Oral anticoagulation therapy is not recommended in POPH 
because of the increased risk of bleeding in the presence of throm- 
bocytopenia, coagulopathy, and varices. 

The three main groups of vasodilator agents commonly used 
in PAH that have been used in POPH are prostacyclins, endothe- 
lin receptor antagonists, and phosphodiesterase 5 inhibitors. 

Prostacyclin (epoprostenol) is a potent vasodilator and platelet 
aggregation inhibitor that results in clinical improvement and 
increased survival in patients with primary pulmonary hyper- 
tension, and is useful as a bridge to lung transplant. Although 
randomized controlled trials have not been performed in POPH, 
several studies and case reports on the use of continuous epopros- 
tenol infusion indicate it improves pulmonary hemodynamics and 


relieves symptoms.*’””*' However, the infusion is complex and 
cumbersome, and congestive splenomegaly and thrombocytope- 
nia have been reported. Therefore this therapy is often reserved for 
the management of very severe POPH. Alternative prostacyclin 
analogs such as treprostinil (subcutaneous injection) and iloprost 
(inhalation) are easier to administer and are also useful to improve 
pulmonary hemodynamics in POPH.””?™ 

Both bosentan™?®™ (dual endothelin receptor type A and 
endothelin receptor type B antagonist) and ambrisentan (selective 
endothelin receptor type A receptor antagonist) are endothelin 
receptor antagonists that have been used in the management of 
POPH. Ambrisentan is favored because of less hepatotoxicity” 
and better efficacy.” 

Phosphodiesterase 5 inhibitors such as sildenafil”? and the 
longer-acting tadalafil?’ and vardenafil’'® have been used for the 
management of POPH, and they have been found to be effective 
alone, as well as in combination with other agents.” 

Drugs recently approved for the treatment of primary pulmo- 
nary hypertension such as riociguat (a stimulator of soluble gua- 
nylate cyclase)”"**"” and macitentan (oral dual endothelin receptor 
antagonist)’ may prove useful in patients with POPH. 


Liver Transplant 

The efficacy of liver transplant as a treatment for POPH remains 
controversial. On the basis of retrospective and clinical experience, 
severe POPH (mPAP >50 mm Hg) is a contraindication to trans- 
plant because of a perioperative mortality of 100% and lack of 
reversibility of pulmonary hypertension” Patients with moderate 
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POPH (mPAP >35 mm Hg and <50 mm Hg and pulmonary 
vascular resistance of 250 dyne-seconds/cm™”) appear to have an 
estimated mortality of 50%. Patients with mild POPH (mPAP 
<35 mm Hg) appear to have minimal increase in perioperative 
cardiopulmonary mortality after liver transplant, although long- 
term outcomes have not been reported. Case series have reported 
favorable short-term outcomes after liver transplant in patients 
with moderate or severe POPH, with these patients demonstrat- 
ing pulmonary artery pressures improved to less than 35 mm Hg 
when liver transplant was used in conjunction with medical thera- 
pies. 70200221223 However, the percentage of patients with POPH 
who improve enough to undergo liver transplant and how often 
POPH reverses in this situation are not known. On the basis of 
available data, the current recommendations are to consider trans- 
plant in patients with mPAP less than 35 mm Hg, vasodilator 
therapy prior to transplant in those with mPAP of 35 to 
45 mm Hg, and vasodilator therapy alone in those with mPAP 
greater than 45 mm He 

Guidelines provide MELD exception points”? for patients 
whose mPAP decreases below 35 mm Hg for 3 months, if the 
pulmonary vascular resistance improves and right ventricular 
function is normal, while they are receiving medical therapy.” 
Goldberg et. al.” have recommended revision of the current 
MELD exception policy in POPH on the basis of their findings 
of higher waiting list and posttransplant mortality in patients with 
POPH compared with patients with cirrhosis and no POPH. 
Although case reports in series have demonstrated successful 
outcome after combination lung-liver or heart-lung-liver trans- 
plant, limited organ availability and the technical challenges limit 
the feasibility of such approaches for POPH. 


Prognosis and Natural History 

POPH may be complicated by the development of progressive 
right ventricular dysfunction and cor pulmonale, as well as by 
complications of cirrhosis. Survival in PAH correlates with the 
severity of right-sided cardiac dysfunction, as assessed by the 
degree of elevation in the right-sided cardiac pressures and 
the degree of decline in cardiac output. In POPH, survival appears 
to be worse than in PAH and correlates with the presence and 
severity of cirrhosis. These observations may be due to exacerba- 
tion of portal hypertension by elevated right-sided cardiac pres- 
sure. Perioperative mortality is increased significantly in those 
patients with moderate to severe POPH, precluding liver trans- 
plant in this setting.” Compared with survival data in patients 
with primary pulmonary hypertension, survival data in patients 
with POPH appear to be controversial. However, the reported 
mortality at 1 year and 5 years ranges between 15% and 50% and 
between 50% and 70% respectively, with a median survival of 2 
years.'*"”'”°7 No studies have demonstrated that medical therapy 
for POPH improves survival, although combined medical therapy 
and liver transplant has the potential to improve outcomes. 


Coexistence of Hepatopulmonary Syndrome 
and Portopulmonary Hypertension 

On the basis of a retrospective medical record review, Fussner 
et al.” found that IPVD was frequently documented in POPH 


and was associated with decreased survival, suggesting a possible 
pathophysiologic overlap between the two conditions. Recent 
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case reports have also highlighted the fact that there is some 
degree of coexistence or possible transition between HPS and 
POPH. "4923? However, the epidemiology remains to be 
determined. 


Conclusion 


End-stage liver disease may be complicated by the development 
of potentially severe cardiopulmonary complications, including 
CCM, HPS, and POPH. The pathophysiology of CCM is not 
completely defined, yet it is characterized by conduction abnor- 
malities and systolic and diastolic dysfunction which appears to 
worsen as liver disease progresses. The effect of CCM on the 
development of renal dysfunction and overt systolic dysfunction 
is unknown, and there are controversial data regarding its impact 
on patient outcomes. Knowledge of treatment for CCM is limited 
as definition of the entity is not uniform. Liver transplant may be 
a potential cure. 

The pathogenic mechanisms of HPS and POPH are still evolv- 
ing. Both conditions are a consequence of vasoactive substances 
that lead to vasodilatation and angiogenesis in HPS and intimal 
hypertrophy in resistance lung vessels in POPH. HPS and POPH 
are associated with worse patient outcomes and medical therapies 
are limited. Liver transplant for HPS is generally curative, whereas 
in POPH there is uncertainty regarding its effects on pulmonary 
hypertension. 


SUMMARY 


Recent Progress 

e CCM may develop in cirrhosis irrespective of the cause of liver disease 
and influence outcomes before and after transplant. Detection, causes, 
and therapy remain areas of active investigation. 

e HPS develops in up to 30% of patients with cirrhosis, regardless of the 
cause, as a consequence of vasodilatation and angiogenesis in 
pulmonary gas exchange regions. Liver transplant reverses HPS, 
although current MELD exception policies may need modification. 

e Medical therapy for POPH is increasingly effective and outcomes 
appear to be influenced by the severity of liver disease. Liver transplant 
can reverse POPH in some individuals and may prolong survival. 
However, the optimal candidates for transplant have not been clearly 
defined. The development of POPH is associated with female sex, 
estrogen signaling, and the cause of liver disease, although precise 
pathophysiologic mechanisms have not been clearly delineated. 


Key Knowledge Gaps and Future Direction 

e Define standardized diagnostic criteria for CCM and determine effects 
on complications and outcomes. 

e Translate pathophysiologic mechanisms from experimental HPS to 
human HPS and develop effective medical therapies. 

e Define the appropriate timing of liver transplant in HPS. 

e Delineate pathophysiologic mechanisms of POPH and characterize the 
effects of medical therapy on outcomes. 

e Establish which patients with POPH will have reversal and/or improved 
survival with liver transplant. 
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ABBREVIATIONS 


ADP adenosine diphosphate 

AT antithrombin 

DDAVP desmopressin 

EPO erythropoietin 

FFP fresh frozen plasma 

GAVE gastric antral vascular ectasia 
G-CSF granulocyte stimulating factor 
INR international normalized ratio 
LMWH low molecular weight heparin 
PCC prothrombin complex concentrate 
PSC primary sclerosing cholangitis 

PT prothrombin time 

PVT portal vein thrombosis 

ROTEM rotational thromboelastometry 
rVila activated recombinant factor VII 
TAFI thrombin activated fibrinolysis inhibitor 
TEG thromboelastography 

TF tissue factor 

TGA thrombin generation assay 

TM thrombomodulin 

tPA tissue plasminogen activator 

TPO thrombopoietin 

UFH unfractionated heparin 

VKA vitamin K antagonist 

VTE venous thromboembolism 

vWF von Willebrand factor 


Introduction 


In recent years our understanding of the coagulation and hema- 
topoietic system in patients with liver disease has substantially 
evolved.'* The liver plays an integral role in hematopoiesis early 
on in utero and remains the primary source of nearly all of the 
factors that compromise the coagulation system throughout life. 
The transformation of the coagulation and hematopoietic system 
in liver disease is complex and not entirely understood. However, 
as chronic liver disease progresses these systems undergo profound 
change. Until very recently clinicians presumed patients with 
cirrhosis were hypocoagulable and protected from developing 
thrombosis due to the underproduction of coagulation factors and 


thrombocytopenia.’ This notion is fueled by an unsupported, but 
pervasive, association with abnormal conventional markers of 
coagulopathy (e.g., INR) and risk of bleeding. Evidence now 
reveals a rebalancing of the coagulation system in patients with 
chronic liver disease. Perturbations to this system may tip the 
balance to observable clinical events either in the hypocoagulable 
or the hypercoagulable direction. 

Patients with liver disease and portal hypertension also 
commonly demonstrate hematopoietic derangements including 
leukopenia, anemia, and thrombocytopenia.*” Clinicians often 
confront these abnormalities with a preponderance of fear toward 
one clinical outcome—bleeding.* Whereas cirrhosis patients can 
develop unforgettably severe hemorrhage, a tendency toward a 
procoagulant state has been confirmed through more advanced 
laboratory testing’ '* and observed clinically'*'’ despite an abnor- 
mal INR and diminished platelet levels. Indeed, efforts to manip- 
ulate these systems to correct a misperceived coagulopathy are 
often ineffective and can increase the likelihood of further bleed- 
ing due to volume expansion'*'* and inappropriate clotting.'””° 
Herein we will review the abnormalities encountered in patients 
with liver disease with respect to the hematopoietic and coagula- 
tion system focusing on the major clinical events of bleeding and 
thrombosis. 


The Hemostatic System: Normal Physiology 
and Pathophysiology in Liver Disease 


The coagulation system maintains homeostasis that continually 
repairs sites of vessel injury with clot formation and subsequent 
endothelial remodeling. Importantly, this system relies on simul- 
taneous counterregulatory systems to prevent unchecked clot 
propagation. The main components of the hemostatic system 
include platelets, vascular endothelium, and protein constituents 
of the soluble coagulation and fibrinolytic systems. Addition- 
ally, other components including monocytes, erythrocytes, cell 
fragment—derived microvesicles, and other effectors contribute 
directly to hemostasis and thrombosis. 

When vascular endothelium is injured, tissue factor (TF) is 
exposed on the phospholipid membrane, which triggers the coag- 
ulation cascade to begin the process of primary hemostasis with 
platelet plug formation (Fig. 19-1). Platelets adhere to sites of 
endothelial injury via von Willebrand factor (vWF) bound to 
endothelial cells and platelet glycoprotein II[b/II]a receptors. This 
results in activation and degranulation of platelets with release of 
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e Fig. 19-1 Coagulation cascade. 


effectors such as adenosine diphosphate (ADP). Additional plate- 
lets are recruited to the site and a platelet plug begins to form. 
Notably, the platelet plug may be transient and requires activation 
of the coagulation cascade for stable clot formation. 

Secondary hemostasis occurs as the coagulation cascade is 
simultaneously generated on the phospholipid surface of the acti- 
vated platelets at the site of injury via the interaction between 
exposed TF and factor VII (VII), which is converted to an acti- 
vated extrinsic tenase complex (TF-VIIa). This complex then acti- 
vates factors IX (IXa) and X (Xa). Once activated, Xa binds to its 
cofactor factor V (Va) to form a prothrombinase complex (Xa-Va). 
Platelets express binding sites in the lipid membrane for Va and 
the prothrombinase complex binds prothrombin (factor II) and 
converts it to its active form (Ila). Next, Ia cleaves fibrinogen 
(factor I) to form fibrin, which is then cross-linked to provide the 
necessary support of the platelet plug, and a clot begins to form. 
This process is fueled initially by small amounts of thrombin (IIa) 
which primes the cascade and feeds back to the extrinsic (TF- 
VIIa) and the intrinsic ([Xa-VIIla) tenase complex on anionic cell 
surfaces, further propagating the signal via a thrombin burst. 
Circulating monocytes and microparticles generated from mono- 
cytes provide another important source of circulating TF that 
contributes to hemostasis.“’’” Meanwhile, as fibrin is produced 
and a clot is propagated, thrombomodulin, proteins C and S, 
antithrombin (AT), and the fibrinolytic system act to impede this 
cycle and counterbalance clot formation (see Fig. 19-1). 

Thrombomodulin (TM), a surface protein on endothelial cell 
membranes, binds and inactivates thrombin and the TM-thrombin 
complex activates protein C. Anticoagulant proteins C and S 
inactivate and degrade Va and VIIa promoting a regulatory 
balance to the coagulation cascade. Whereas the anticoagulation 
system serves to impede the cycle, the fibrinolytic system works 
to reverse formed thrombus once endothelial function is restored 
at the site of injury. In the presence of fibrin, tissue plasminogen 
activator (tPA) enzymatic activity increases significantly allowing 
interaction with plasminogen. Plasminogen is converted to 
plasmin, which degrades fibrin. This system is inhibited by alpha-2 
antiplasmin and thrombin-activated fibrinolysis inhibitor (TAFI). 
TAFI interacts with thrombin bound to TM on endothelial cells 
to attenuate fibrinolysis. 

In cirrhosis, the capacity for hepatocyte production of proteins 
integral to both the coagulation and the anticoagulation systems 
is compromised (Fig. 19-2). Conventional clinical measures of 
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e Fig. 19-2 Rebalanced coagulation factors in liver disease. 


hemostasis and coagulopathy involve im vitro systems that mimic, 
but do not replicate in vivo systems. In particular, the prothrom- 
bin time (PT) and INR which derives from the PT are often 
elevated in patients with cirrhosis due to underproduction of 
liver-derived coagulation factors. Whereas the INR is useful to 
predict warfarin effect, it measures only procoagulant factors and 
not the coexisting deficit of anticoagulant factors. As a result, it 
is a poor marker for net clot formation in cirrhosis.” This has 
been amply demonstrated by Tripodi et al. who used a thrombin 
generation assay (TGA) to show that patients with cirrhosis dem- 
onstrate normal capacity for thrombin generation despite an 
abnormal INR.” Other investigators showed similar propensity 
to maintain thrombin generation at normal or even increased 
levels despite abnormal conventional tests of coagulopathy. 
Decreased production of protein C by the liver and increased 
production of VIII by the endothelium in cirrhosis are the prin- 
ciple compensatory mechanisms that rebalance the coagulation 
system.” Additionally, Lisman et al. demonstrated that high 
levels of vWF in cirrhosis patients compared with healthy controls 
promote increased platelet adhesion and aggregation.” Taken 
together, these studies reveal important mechanisms that explain 
the rebalanced state in the hemostatic system of cirrhosis patients. 
It is thought that this equilibrium is maintained in a more precari- 
ous and fragile state that can be tipped into bleeding or throm- 
bosis by exogenous factors like infection or renal failure.” 

From another perspective, intrahepatic activation of the 
coagulation system may directly contribute to the progression 
of chronic liver disease and fibrosis. Wanless et al. noted micro- 
thrombi in the hepatic and portal venules of explanted livers 
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and postulated that relative ischemia may promote development 
of hepatic fibrosis.” >! This process, termed parenchymal extinc- 
tion, may also explain one underlying pathologic mechanisms 
of fibrogenesis in liver disease. Beyond microthrombi, ischemia, 
and necrosis, stellate cells may also be stimulated to generate 
more fibrosis by thrombin-mediated mechanisms.” In support 
of this new concept, clinical studies examining populations of 
liver disease patients with inherited thrombophilia disorders (e.g., 
factor V Leiden mutation) reveal a higher risk of developing 
advanced fibrosis.***’ Recent prospective clinical data showing a 
reduction in hepatic decompensation and mortality with prophy- 
lactic treatment using low molecular weight heparin (LMWH) in 
cirrhosis provides an additional and compelling clinical correla- 
tion.” Furthermore, animal models of liver disease treated with 
anticoagulant therapeutics such as dabigatran (thrombin inhibi- 
tor)” and LMWH” provide additional experimental evidence 
that factors in coagulation potentiate fibrogenesis, probably as a 
physiologic part of the body’s efforts at wound healing in chronic 
disease states. Inhibiting intrahepatic coagulation may impede 
the process that leads to development of fibrosis in liver disease. 


Bleeding in Cirrhosis Patients 

Epidemiology 

Bleeding occurs commonly in decompensated cirrhosis patients 
through a wide variety of mechanisms leading to significant mor- 
bidity and mortality.*’“’ Perhaps the most feared and prototypical 
bleeding event is variceal hemorrhage related to portal hyperten- 
sion (see Chapter 16). Variceal bleeding is common in advanced 
liver disease, occurring at a yearly rate of 5% to 15%.“ Mis- 
placed efforts to correct a perceived coagulopathy (e.g., elevated 
INR) contribute to excessive transfusions, which exacerbate portal 
hypertensive related bleeding. '°!”“*? Because of this relationship, 
guidelines on variceal bleeding recommend conservative transfu- 
sion parameters in portal hypertension to avoid volume expansion 
and engorgement of venous collaterals.** Extending this concept 
further, preoperative phlebotomy in cirrhosis patients to reduce 
portal venous pressure prior to liver transplantation shows reduced 
need for transfusions supporting the essential concept that volume 
expansion or contraction alters portal hypertension, which con- 
tributes substantially to bleeding in cirrhosis.“ 

Other bleeding problems that are commonly encountered in 
patients with liver disease include spontaneous mucosal bleeding 
or bleeding as sequelae to an invasive procedure (e.g., vascular 
access, tissue biopsy, or paracentesis). The mechanism of bleeding 
is often difficult to elucidate and is likely to be multifactorial, 
including changes resulting from renal failure and infection 
(release of heparinoid substances) and possibly from hyperfibri- 
nolysis, which is characterized by oozing from mucosal surfaces 
or delayed bleeding from puncture sites such as intravenous 
catheters. 

Ata basic level, hyperfibrinolysis occurs when fibrin breakdown 
exceeds fibrin formation with subsequent bleeding. Although chal- 
lenging to clinically measure with available tests, it has long been 
reported in patients with decompensated cirrhosis and is one of 
the oldest hematologic abnormalities observed in liver disease.” 
Etiologies of hyperfibrinolysis in cirrhosis may include elevated 
levels of tPA’ and/or decreased levels of alpha-2 antiplasmin” 
and TAFI.°*’ This subject remains somewhat controversial, 
however. Lisman et al. showed similar clot lysis times in cirrhosis 
patients compared with healthy controls despite low levels of 
TAFI.”* On the other hand, studies using more extensive analysis 
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have found strong evidence of increased fibrinolytic capacity in 
the majority of cirrhosis patients studied.” Clinically significant 
hyperfibrinolysis is evident in 5% to 10% of decompensated 
patients.” Tests that can assist in diagnosing hyperfibrinolysis 
include levels of alpha-2 antiplasmin, the euglobulin lysis time 
and global measures of clot formation and dissolution, such as 
TEG and ROTEM (thromboelastography and rotational throm- 
boelastometry, respectively; Table 19-1). However, our knowledge 
of hyperfibrinolysis in cirrhosis is currently limited by a lack of 
consensus in the essential criteria of diagnostic testing. None- 
theless, the availability of specific antifibrinolytic therapy war- 
rants careful consideration of this disorder in the clinical setting. 
Anecdotally, it can be estimated that a 10% or greater decline 
of maximal amplitude in the global assays of clot formation and 
lysis by between 20 and 30 minutes of the reaction time suggests 
the presence of significant clot lysis, although this criterion needs 
prospective validation. 


Therapy 


There is a wide variety of medical therapies available to prevent 
and treat bleeding in cirrhosis patients (Table 19-2), although all 
are in need of prospective validation.“ Historically, the most 
widely used prophylactic and therapeutic measure used by clini- 
cians is transfusion of fresh frozen plasma (FFP). FFP contains 
all coagulation factors and is obtained from donated blood after 
centrifugation. Unfortunately, FFP is often reflexively adminis- 
tered to correct INR without objective evidence to support its use. 
Multiple studies show that the use of FFP in patients with liver 
disease for prophylaxis or treatment of bleeding is ineffective and 
unwarranted, especially if changing the INR is the target.'*°>*? 
Beyond a lack of relationship to bleeding risk in liver disease, INR, 
originally created to measure the effects of vitamin K antagonists 
(VKAs), shows considerable interlaboratory variability in cirrhosis 
patients and the result of the assay depends on the laboratory 
reagents.” The inability to extrapolate results from VKA therapy 
to cirrhosis results from derivation of the ISI (international sen- 
sitivity index) of the thromboplastin which normalizes the INR 
to VKA therapy, but not to cirrhosis—these have been proven to 
be significantly different. 

Cryoprecipitate contains concentrated fibrinogen, VIII, vWF 
and fibronectin. Patients with cirrhosis may have reduced levels 
of fibrinogen or abnormal forms of fibrinogen (dysfibrinogen- 
emia). No clear guide exists for target fibrinogen levels in patients 
with liver disease. However, based on preserved thrombin produc- 
tion, we recommend use of cryoprecipitate to maintain levels at 
greater than 120 mg/dL when undergoing high-risk procedures 
or when actively bleeding (depending on the clinical scenario). 

Platelets play a critical role in primary and secondary hemo- 
stasis. Patients with cirrhosis often have thrombocytopenia and 
transfusion of platelets during bleeding episodes or prior to pro- 
cedures is common.” One study examined a large multicenter 
cohort of patients undergoing liver biopsies and found patients 
with platelet counts less than 60,000/mm? had a higher risk 
of bleeding complication.” Another retrospective study found 
procedural-related bleeding to be significantly more common in 
patients with platelets less than 75,000/mm’, irrespective of pro- 
phylactic platelet transfusions.’ These clinical data correspond 
to observations from Tripodi et al. demonstrating that cirrhosis 
patients with severe thrombocytopenia display lower thrombin 
generation potential.” This in vitro analysis found that cirrhosis 
patients with platelet levels of 56,000/mm’ or higher maintained 
levels of thrombin generation within the lower limits of normal 
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TABLE 7 . 
‘ene Therapies for Bleeding 


Clinical Consequences of Chronic Liver Disease 


Cryoprecipitate 


Fibrinogen, VIII, XIll, 
fibronectin, VWF 


Factor replacement 


Low volume, effective to 
replace fibrinogen 


Risk of transfusion injury 


Fresh frozen plasma All coagulation factors Factor replacement 


Widely available, contains 
all factors 


Ineffective, requires large volume, 
risk of venous engorgement 
and transfusion injury 


Prothrombin complex Il, VII, IX, X, Protein +S Factor replacement 


Concentrated, limited Not widely available, expensive, 


concentrates studies in liver disease risk of thrombosis 
Recombinant Vlla VII Factor replacement Concentrated, studied in Expensive, unclear efficacy, risk of 
liver disease thrombosis 
Platelets Donor pooled platelets Initiation of primary hemostasis, Provides essential Risk of transfusion injury 
propagation of coagulation component of 
cascade and enhancement of coagulation cascade 
thrombin generation 
Vitamin K Oral or IV formulations Promotes synthesis of Il, VII, IX, X, Inexpensive, available Unclear efficacy, hypersensitivity 
protein C+S reactions 
Desmopressin Intranasal or IV Increases production of VIII + vWF, Available, relatively safe, Unclear efficacy, tachyphylaxis 
formulations enhancing platelet adherence studied in liver disease occurs with repeated use 
Antifibrinolytics IV formulations with Disrupts interactions between Studied in liver disease, May have risk of thrombosis, not 


Aminocaproic acid 
Tranexamic acid 


loading doses, can use 
topically 


IV, Intravenous. 


plasminogen/plasmin and fibrin 


also effective topically 
for mucosal oozing (e.g., 
dental extractions) 


well-studied in liver disease, 
lack markers/tests of 
hyperfibrinolysis 


From: Intagliata NM, Caldwell SH. Management of disordered hemostasis and coagulation in patients with cirrhosis. Clin Liver Dis 2014;3:114-117. 


for healthy patients. Thus current guidelines for preprocedure pro- 
phylaxis recommend consideration of platelet transfusion prior to 
percutaneous liver biopsy in patients with a platelet count lower 
than 50,000/mm? to 60,000/mm?.” Beyond thrombocytopenia, 
qualitative defects in platelets are suspected to occur in cirrhosis 
patients, but are challenging to measure and data are discordant in 
the literature.°°”””! In addition, elevated vWF serves as a balanc- 
ing factor as noted earlier. 

Other therapies available for bleeding patients with liver disease 
include prothrombin complex concentrates (PCCs), recombinant 
factor VIIa (rVIIa), desmopressin analogues (DDAVP) and anti- 
fibrinolytic compounds. Balanced PCC preparations contain con- 
centrated factors II, VII, IX, X and protein C and S. Although 
expensive, this therapy is potentially desirable in certain circum- 
stances in patients with liver disease due to the low volume and 
balanced (between procoagulant and anticoagulant) reconstituted 
factors. Most studies in cirrhosis patients examining PCCs mea- 
sured change in coagulation parameters to assess effect which is 
of uncertain significance.” However, one study examined the 
clinical effect of PCCs in bleeding patients with cirrhosis and 
found temporization of bleeding to allow for eventual definitive 
therapy.” Caution should be employed when considering use of 
this agent due the inherent thrombotic risks and the limited clini- 
cal experience. 

Use of rVIIa in patients with acute esophageal variceal bleeding 
shows no demonstrable reduction in bleeding or mortality despite 
improvement in INR.” Similarly, studies of the prophylactic 
use of rVIIa in patients with acute liver failure requiring intra- 
cranial pressure monitoring shows that this therapeutic effectively 


normalizes prothrombin time.” However, a recent study using 
thromboelastography (TEG) demonstrates that patients with 
acute liver failure are not hypocoagulable per se despite elevated 
INR, questioning the need for rVIla prophylactically in these 
patients.” Similar to PCC, clinicians must consider the risks of 
inducing thrombosis when manipulating the hemostatic system 
with rVIIa.°° 

Desmopressin (DDAVP) has also been studied as a therapy for 
bleeding in cirrhosis patients. Initially used in patients with von 
Willebrand disease and hemophilia, DDAVP may reduce bleed- 
ing in cirrhosis patients by further increasing levels of VIII and 
vWE.*'*° Stanca et al. showed the administration of DDAVP was 
as effective as blood product infusion prior to dental extraction 
in patients with cirrhosis.*° It should be noted that bleeding was 
infrequent in both groups, suggesting the need for a similar 
placebo-controlled trial. Other studies comparing DDAVP with 
placebo in cirrhosis patients have shown no improvement in 
hemostasis in patients receiving DDAVP*”*” 

Antifibrinolytic medications are relatively safe and potentially 
effective in patients with liver disease who demonstrate clinical 
signs of hyperfibrinolysis.** Use of whole blood measures of coag- 
ulation, such as ROTEM or TEG, should be considered to evalu- 
ate effects when administering this type of medication, although 
further study is need to evaluate this strategy. 

In summary, bleeding is a common and feared event in patients 
with liver disease. Consensus guidelines do not exist regarding 
effective prophylactic measures. Conventional tests used in clinic 
and hospital settings do not accurately predict bleeding risk in 
these patients. Clinicians should minimize use of FFP and remain 
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TABLE 


E Therapies for Thrombosis 


Unfractionated IV or SQ Potentiates AT, inactivating Clear monitoring Requires three times daily dosing in SQ form for 

heparin injection thrombin, FXa parameters, can use prophylaxis, unclear efficacy, not well studied in 
with renal insufficiency cirrhosis 

LMWH Potentiates AT, inactivating Most extensively studied Affected by renal insufficiency, SQ route can cause 

e Enoxaparin SQ injection thrombin, FXa class of anticoagulants complications, patient intolerability and adherence 

e  Dalteparin in cirrhosis patients issues 

e Nadroparin 

Vitamin K Oral Inhibits vitamin K epoxide reductase Inexpensive, studied in Difficult to monitor using INR in cirrhosis patients, 
antagonist complex, reducing synthesis of Il, cirrhosis patients, requires frequent monitoring 

e Warfarin VII, IX, X, protein C+S reversible with antidote 

Factor Xa Directly inhibit Xa Oral administration Not studied in cirrhosis patients, unclear dosing 
inhibitors parameters, monitoring parameters and efficacy 

e Fondaprinux SQ 

e Rivaroxaban Oral 

e Apixaban Oral 

e Edoxaban Oral 

Direct thrombin Directly inhibits thrombin, Oral administration Not studied in cirrhosis patients, unclear dosing 
inhibitors preventing thrombin mediated parameters, monitoring parameters and efficacy 


e Dabigatran Oral effects 


Aspirin Oral Irreversibly inhibits platelet Not well studied in Can cause fluid retention and renal dysfunction, 
aggregation cirrhosis unclear efficacy in setting of thrombocytopenia/ 
thrombocytopathia 
IVC Filter n/a Mechanical prevention of embolic May prevent pulmonary Not studied in cirrhosis, thrombotic nidus, can interfere 
event embolism with future transplant, unclear efficacy 
Direct n/a Local infusion of tPA Useful for select cases of May require subsequent anticoagulation and/or TIPS to 
thrombolysis splanchnic thrombosis decreases stasis in cases of PVT 


AT, Antithrombin; /V, intravenous; /VC, inferior vena cava; LMWH, low molecular weight heparin; n/a, not applicable; PVT, portal vein thrombosis; SQ, subcutaneous; TIPS, transjugular intrahepatic 


portosystemic shunt; tPA, tissue plasminogen activator; vWF, von Willebrand factor. 


From: Intagliata NM, Caldwell SH. Management of disordered hemostasis and coagulation in patients with cirrhosis. Clin Liver Dis 2014;3:114-117. 


judicious with transfusions of other products for bleeding prophy- 
laxis or therapeutic support. Importantly, exogenous manipulation 
of the hemostatic system can tip the balance to favor thrombosis, 
and caution should be employed when using therapeutic agents, 
particularly without supportive evidence of efficacy and safety. 


Thrombosis in Cirrhosis Patients 
Epidemiology 
Cirrhosis patients are at risk of developing nonsplanchnic venous 
thromboembolism (VTE). The risk of developing splanch- 
nic thrombosis, such as portal vein thrombosis (PVT), has also 
been well recognized for many years (Chapter 45). Although the 
clinical significance of PVT in cirrhosis continues to be debated, 
a recent prospective randomized study showed that exposure to 
prophylactically dosed enoxaparin not only reduced the risk of 
developing PVT but also reduced the risk of hepatic decompensa- 
tion and death.” This finding has ignited interest in anticoagula- 
tion in liver disease and advanced the understanding of potentially 
important pathophysiologic mechanisms underlying clinical pro- 
gression of cirrhosis and portal hypertension. 

With regard to nonsplanchnic thrombosis (peripheral VTE), 
Northup et al. showed that patients with cirrhosis are at risk 
of developing VTE and are not autoanticoagulated simply by 


virtue of having chronic liver disease and an associated abnor- 
mal INR.” Several studies have since shown this risk in diverse 
populations of hospitalized and nonhospitalized patients with 
liver disease. "415833 


Therapy 
Multiple medical and mechanical therapeutic options have been 
studied in patients with cirrhosis (Table 19-3). Preventing VTE 
is ideal in all patients, but may be especially challenging in this 
population because of the complexity of the rebalanced coagu- 
lopathy of liver disease. One study examined a large cohort of 
hospitalized patients with cirrhosis and determined that exposure 
to prophylaxis with unfractionated heparin or LMWH appeared 
to be safe with a low rate of bleeding (2.5%). Other studies 
examining the use of prophylactic LMWH in medical cirrhosis 
patients” and surgical cirrhosis patients” similarly found low rates 
of bleeding. In a cohort of well-compensated outpatient cirrhosis 
patients, daily enoxaparin resulted in a low rate of complications 
and no reported bleeding.” However, no guidelines currently 
address the role of thromboprophylaxis in cirrhosis patients, 
although it appears safe and experts recommend routine admin- 
istration if contraindications are not present.””” 

The majority of studies examining efficacy and safety of thera- 
peutic anticoagulation in cirrhosis patients have involved the use 
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WAE Laboratory Testing in Suspected 
IGE Hyperfibrinolysis* 


Usually stable in or 
near normal 
reference range 


Fibrinogen 


Significant reduction often 
less than 100 mg/dl 


Further decreased but 
critical magnitude 
remains uncertain 


Decreased in 
cirrhosis 


o2-antiplasmin 


Fibrinogen Often increased in Difficult to interpret and not 
degradation advanced cirrhosis very useful due to 
products due to diminished baseline increase in 
and d-dimer clearance cirrhosis 

Euglobulin clot A somewhat Reduced in hyperfibrinolysis 


lysis time cumbersome test but often not readily 
of clot lysis which available in clinical setting 
is usually normal 
in stable cirrhosis 
Platelet level Diminished Usually stable but multiple 
factors may effect making 
platelet level less reliable 
Factor VIII Usually elevated Persistent elevation can help 
(endothelial to distinguish 
derived factor) hyperfibrinolysis from 
superimposed DIC 
TEG and Global measures of Published experience is still 
ROTEM clot formation and limited but anecdotally a 


lysis which are reduction in the maximum 


increasingly amplitude by 10% or 
available to help more at 30 minutes may 
assess indicate significant fibrin 
coagulopathy breakdown 


*Hyperfibrinolysis, or premature clot lysis, in cirrhosis remains a subject of debate in many 
regards, but is sufficiently distinct as to warrant special consideration in cirrhosis-related 
bleeding because of the possible utility of antifibrinolytic agents (see text). Much of the 
controversy is related to the need to interpret laboratory tests in the setting of underlying 
changes related to cirrhosis itself versus acquired changes of hyperfibrinolysis. 

DIC, Disseminated intravascular coagulation; ROTEM, rotational thromboelastometry; 
TEG, thromboelastography. 


of LMWH or warfarin for the treatment of portal vein thrombo- 
sis.””*"*' As development of VTE is a relatively infrequent event, 
accumulating a large cohort of patients treated prospectively for 
VTE is difficult. The largest study to date examined patients 
treated with LMWH and/or VKA for PVT and demonstrated 
efficacy and a low rate of complications.” Risks of bleeding were 
associated with exposure to VKA (as opposed to LMWH) and 
platelet counts less than 50,000/mm*. On the other hand, one 
small retrospective study reviewed bleeding events associated with 
exposure to therapeutic LMWH or VKA and found bleeding to 
be common.” However, a recent large multicenter study demon- 
strated that bleeding is uncommonly related to anticoagulation in 
cirrhosis patients treated for thrombosis.” The uncertainty of the 
published data likely reflects the complexity of cirrhosis-related 
coagulopathy and recent advances in the perception of the 


Clinical Consequences of Chronic Liver Disease 


disorder. The use of newer direct-acting oral agents (factor Xa 
inhibitors) in compensated cirrhosis patients is limited to small 
series reports and also needs further study. °% 

In summary, further studies are needed to determine safe and 
effective methods of prevention and treatment of VTE in patients 
with liver disease. Disturbances to the system clearly may favor 
inappropriate thrombosis necessitating the evaluation of antico- 
agulant therapy. Interestingly, a microthrombotic process may also 
underlie clinical progression of liver disease. Microthrombi in the 
hepatic circulation appear to play an important role in fibrosis 
and organ atrophy in cirrhosis (parenchymal extinction). With 
direct-acting new oral agents now available, future studies for 
therapy should concentrate on safety and efficacy of these promis- 
ing agents in cirrhosis patients as a means of preventing organ 
atrophy and progressive portal hypertension. 


Other Abnormalities in the Hematopoietic 
System in Liver Disease 


The liver serves as the primary site of hematopoiesis at the end 
of the first trimester in human embryos. Over time, fetal bone 
marrow assumes the role, becoming the major site of hemato- 
poiesis after birth.'°° Growth factors stimulate progenitor cells to 
differentiate into terminal cell lines including leukocytes, erythro- 
cytes, and platelets. Thrombopoietin (TPO) is produced primarily 
by hepatocytes and stimulates differentiation and maturation of 
platelets. Another growth factor, erythropoietin (EPO), is pro- 
duced by the kidneys and promotes production and maturation 
of erythrocytes. 


Erythrocytes 


Erythrocytes are produced from progenitor cells in the bone 
marrow, in part by stimulation from kidney-derived EPO. 
Erythrocytes lack a nucleus and have an average lifespan of 
approximately 120 days. Under normal conditions the rate of 
erythrocyte loss is matched by the rate of production. However, 
anemia is very common in patients with liver disease and arises 
from multiple, often contemporaneous, mechanisms. ‘These 
include bleeding, erythrocyte sequestration and destruction, mal- 
nutrition, underproduction, and medication effects. 

Microcytic anemia, such as iron deficiency, can occur from 
blood loss or nutritional deficiency. Patients with gastric antral 
vascular ectasia (GAVE) and portal hypertensive gastropathy may 
have profound and recurrent iron deficiency anemia from gastro- 
intestinal blood loss. Patients with primary sclerosing cholangitis 
(PSC) and concurrent inflammatory bowel disease may also be 
particularly susceptible to iron deficiency anemia. Malnutrition 
in cirrhosis patients may lead to nutritional deficits that contrib- 
ute to anemia. Two common causes of macrocytic anemia, cobala- 
min (vitamin B12) and folic acid deficiencies can occur in patients 
with liver disease.” Both vitamins are stored in the liver and 
depend upon intact enterohepatic circulation and gastrointestinal 
absorption. Furthermore, alcohol can have direct toxic effects on 
the bone marrow and erythrocytes contributing to anemia in 
alcoholic liver disease. "°" 

Hemolysis from spur cell anemia has been observed in patients 
with liver disease for many years and is associated with a poor 
prognosis.'°''’ Spur cells, or acanthocytes, are erythrocytes 
with malformed lipid membranes containing large outward and 
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e Fig. 19-3 A peripheral smear from a patient with alcohol cirrhosis 
with spur cell anemia. Multiple acanthocytes are present with spicu- 
lated surface membranes. 


irregular spiculations (Fig. 19-3). These membrane deformities 
occur secondary to an abnormal ratio of cholesterol to phospho- 
lipid in the membrane, which renders the cells susceptible to 
hemolysis and destruction by the spleen.''*''* Hypersplenism, 
common in portal hypertension and cirrhosis, contributes to 
extravascular hemolysis with sequestration and destruction of 
abnormal erythrocytes. Zieve syndrome is characterized by a 
severe hemolytic anemia producing jaundice and dyslipidemia in 
patients with alcoholic hepatitis.’ "° Wilson disease can also present 
acutely with a significant hemolytic anemia.'"° 

Numerous medications commonly encountered in the care for 
patients with liver disease may also contribute to anemia. In 
patients with chronic hepatitis C, ribavirin can produce a signifi- 
cant hemolytic anemia. Patients who have undergone liver trans- 
plantation, or those treated for autoimmune hepatitis may have a 
substantial anemia related to immunosuppressive medication 
effect. 


Platelets 


Platelets are an essential component of the hemostatic system 
and quantitative and qualitative defects are common in cirrhosis 
and portal hypertension. Approximately three fourths of patients 
with chronic liver disease have thrombocytopenia (platelet count 
<150,000/mm*) and 13% of these patients have moderate throm- 
bocytopenia (platelet count between 50,000/mm? and 75,000/ 
mm’). Megakaryocytes are large, nucleated cells responsible 
for generation of platelets and reside in bone marrow. TPO is 
thought to be the primary signal to induce differentiation from a 
pluripotent stem cell into a megakaryocyte, which then produces 
platelets. Platelets have an average life span of approximately 10 
days and one third of circulating platelets are stored in the spleen 
in healthy conditions. However in portal hypertension, splenic 
sequestration significantly contributes to thrombocytopenia and 
the spleen can contain a majority of the platelet mass.''* Changes 
in the lipid composition of platelets, possibly akin to mechanisms 
linked to spur cell anemia, are known and could influence their 
activity, but have not been extensively studied.” 


Additionally, TPO production is significantly decreased in 
patients with liver disease, which may contribute to underproduc- 
tion of platelets.'*” Eltrombopag, a TPO receptor agonist, can 
increase platelet levels in patients with cirrhosis, although there is 
an association with PVT necessitating caution with its use.” As 
with erythrocytes, abnormal lipid metabolism may extend to 
membranes of platelets and contribute to coagulopathy. >!” 

Other causes of thrombocytopenia must be considered in 
patients with liver disease. Hepatitis C infection is a known 
risk factor for the development of immune thrombocytopenia 
purpura.'” Thrombocytopenia secondary to medication effect, 
such as heparin-induced thrombocytopenia, has been reported 
in cirrhosis patients receiving unfractionated heparin (UFH) or 
LMWH and requires a high index of suspicion to make the 
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diagnosis.” 


Leukocytes 


Patients with cirrhosis and portal hypertension often have leuko- 
penia secondary to splenic sequestration.“ The lineage classifica- 
tion of leukocytes includes subtypes of myeloid cells (monocytes, 
macrophages, neutrophils, basophils, and eosinophils) and lym- 
phocytes. Produced from bone marrow, these cells are diverse in 
function and compromise the innate and adaptive immune 
system. Granulocyte-colony stimulating factor (G-CSF) is a gly- 
coprotein that stimulates bone marrow to produce and release 
neutrophils into the blood. 

Kupffer cells are macrophages that reside in the liver and 
constitute the majority (80%) of macrophages in the human 
body and play a vital role in immunologic surveillance. '”™ These 
cells become activated in cirrhosis and play a significant role in 
the pathophysiology of many liver conditions.'*”'’* Abnormal 
monocyte and neutrophil function has also been demonstrated 
in patients with cirrhosis.'””'*’ Interestingly, recent data suggests 
that administration of G-CSF may improve survival in patients 
with alcoholic hepatitis.'*! Whether the effect of G-CSF is mani- 
fested via neutrophil activation or mobilization of hepatic pro- 
genitor cells remains to be determined.” Therapy for hepatitis C 
with interferon was previously a common cause of neutropenia. 
Now firmly in the era of interferon-free regimens for hepatitis 
C, this medication is used infrequently. Medications used for 
immunosuppression in autoimmune hepatitis and after trans- 
plantation similarly inhibit production of leukocytes, sometimes 
profoundly. 


Conclusion 


Our understanding of hemostasis and the variety of roles the 
hematopoietic system plays in pathology and therapy in liver 
disease has improved tremendously in recent years. The liver plays 
a central role in the normal function of these systems and has 
remarkable capacity to maintain homeostasis even in disease 
states. With a rebalanced hemostatic system, it is clear now that 
patients with advanced liver disease can bleed or develop patho- 
logic thrombosis through a variety of mechanisms. Our ability to 
predict these events is currently limited. Further study is essential 
to optimize therapy in this challenging field. Priorities for study 
include ways to improve risk assessment for both bleeding and 
inappropriate clotting to guide more appropriate intervention in 
patients with liver disease. 
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SUMMARY 
Recent Progress 


Hemostatic mechanisms in cirrhosis are frail but rebalanced by an 
acquired protein C deficit and elevation of factor VIII and von Willebrand 
factor. 

The INR, developed for vitamin K antagonists, is a very poor measure of 
clotting capacity in cirrhosis and use of arbitrary cutoffs completely lack 
a scientific basis. 

Volume expansion, as with plasma, can exacerbate portal pressure and 
contribute to portal hypertensive bleeding. 

Fibrinolytic capacity (clot breakdown) is often increased in cirrhosis and 
sometimes leads to hypertfibrinolysis which can contribute to a bleeding 
diathesis. 

Coexisting renal failure and/or infection significantly alter the hemostatic 
balance in cirrhosis and must be considered in assessing bleeding risk. 
Hypercoagulability can be evident by peripheral DVT or portal vein 
thrombosis (PVT). Activation of the clotting cascade within the liver may 
also contribute to disease progression and organ atrophy. 
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Acute Liver Failure 


CONSTANTINE J. KARVELLAS AND R. TODD STRAVITZ 


ABBREVIATIONS 


ALF acute liver failure 

APAP acetaminophen 

BCAA branched-chain amino acid 

CPP cerebral perfusion pressure 

GABA y-aminobutyric acid 

CRRT continuous renal replacement therapy 
CVP central venous pressure 

HAV hepatitis A virus 

HBV hepatitis B virus 

HCV hepatitis C virus 

HDV hepatitis D virus 

HEV hepatitis E virus 

ICP intracranial pressure 

INR international normalized ratio 

MAP mean arterial pressure 

MOSF multiorgan system failure 

NAC N-acetylcysteine 

OLT orthotopic liver transplantation 

SIRS systemic inflammatory response syndrome 


Introduction 


The syndrome of acute liver failure (ALF), characterized by jaun- 
dice, coagulopathy, and altered sensorium (hepatic encephalopa- 
thy), is among the most catastrophic afflictions of humans and 
results in multiorgan system failure (MOSF) and death in many 
patients (40-95%) unless orthotopic liver transplantation (OLT) 
is performed. Fortunately, ALF is uncommon, with approximately 
2000 cases per year in the United States; unfortunately, the 
optimal management of ALF remains largely undefined because 
of its rarity, heterogeneity, and rapidity of evolution. Lucke and 
Mallory’ first described ALF in 1946 as three phases of liver 
disease: a prodromal/preicteric phase, an intermediate phase with 
the onset of jaundice, and a final phase of encephalopathy. These 
and subsequent authors recognized that the interval between the 
onset of icterus and encephalopathy conveyed important etiologic 
and prognostic information. Accordingly, several groups have sub- 
categorized patients with ALF by the time interval between the 
latter two phases. As most commonly defined, the term fulminant 
hepatic failure denotes the development of hepatic encephalopathy 
within 8 weeks of the onset of symptoms. A more gradually evolv- 
ing “subfulminant” course of liver failure (also referred to as /ate- 
onset hepatic failure) was subsequently recognized by the King’s 
College group and defined as encephalopathy developing between 


8 weeks and 24 weeks of the onset of jaundice.’ Subacute liver 
failure is characterized by a greater likelihood of developing signs 
of chronic liver disease, such as ascites and renal failure, a lower 
incidence of cerebral edema, but paradoxically a higher mortality 
than for the fulminant subtype (Table 20-1). 

To better predict the clinical course, complications, and prog- 
nosis of patients with ALF, O’Grady et al.’ more recently proposed 
categorizing ALF into hyperacute (a jaundice to encephalopathy 
interval of <7 days), acute (interval of 8-28 days), and subacute 
(interval >28 days) liver failure. The somewhat arbitrary distinc- 
tion was proposed after review of the cases of 538 patients seen in 
the Liver Failure Unit of King’s College in London.’ Patients with 
acetaminophen (APAP) hepatotoxicity universally progressed to 
hepatic encephalopathy within 7 days of the onset of jaundice, 
a hyperacute time course (Table 20-2), and, regardless of the 
cause, patients with hyperacute liver failure had a relatively favor- 
able spontaneous survival rate (Fig. 20-1). In contrast, crypto- 
genic liver injury dominated as the cause of subacute liver failure 
and was associated with a dismal survival rate (approximately 
14%).? ALF due to viral hepatitis A and hepatitis B usually 
followed a hyperacute time course, whereas idiosyncratic drug 
toxicity followed a more delayed course, with survival rates that 
were inversely proportional to the jaundice-to-encephalopathy 
interval.’ 

According to its strict definition, the diagnosis of ALF requires 
liver failure in a patient with a previously healthy organ. However, 
some patients have ALF superimposed on unrecognized chronic 
liver disease, such as acute Wilson disease and autoimmune hepa- 
titis. Although not considered by purists to represent true ALF, 
acute decompensation of previously subclinical liver disease 
should be considered under the umbrella of ALF for the purposes 
of management. 


Causes and Epidemiology 


It is critical to identify the cause of ALF to administer appropriate 
antidotes and to better establish a prognosis and thus the need 
for OLT. Many diverse insults to the liver may result in ALF, 
including viral infections, idiosyncratic drug reactions, toxins, 
metabolic abnormalities, and vascular catastrophes. In the multi- 
center U.S. Acute Liver Failure Study Group registry, APAP over- 
dose accounts for nearly 45% of ALF cases reported since 1997, 
with indeterminate/cryptogenic and idiosyncratic drug reactions 
ranking second and third, each causing 13% to 15% of cases (Fig. 
20-2). Globally, hepatitis B remains the most common cause of 
ALE However, the relative contribution of different causes differs 
greatly by geography (Table 20-3). In developing nations, viral 
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WAE Complications of Acute Liver Failure According 
(AE to the Traditional Classification 


Onset of encephalopathy after jaundice <8 wk 8-24 wk 
Patient age (yr) 25 45 
Ascites (%) if 62 

Renal failure (%) 35 62 
Cerebral edema (%) 67 9 
Chronic liver disease Rare Infrequent 


Data from Gimson AE, et al. Late onset hepatic failure: clinical, serological and histological 
features. Hepatology 1986;6(2):288-294. 


WANE) Classification of Acute Liver Failure According 
Ala to the Interval Between Onset of Jaundice and 

Development of Encephalopathy, and 

Relationship to Cause 


Interval 0-7 days 8-28 days >28 days 

N 391 89 59 

Cause 

Acetaminophen (%) 100 0 0 

Hepatitis A (%) 55 31 14 

Hepatitis B (%) 63 29 8 

Hepatitis non-A, 14 39 48 
non-B (%) 

Drug (idiosyncratic; 35 53 12 
%) 

Survival (%) 35 if 14 


Adapted from O'Grady JG, et al. Acute liver failure: redefining the syndromes. Lancet 
1993;342(8866):273-275; and Williams R. Classification and clinical syndromes of acute 
liver failure. In: Lee WM, Williams R, editors. Acute liver failure. Cambridge, United Kingdom: 
Cambridge University Press, 1997: 1-9. 


TABLE 
20-3 


Clinical Consequences of Chronic Liver Disease 


hepatitis (hepatitis A, B, and E) is the principal cause of ALF, 
whereas in the United Kingdom and the United States, APAP tox- 
icity is overwhelmingly the most common cause of ALF.° In the 
West, the cause of ALF remains unknown in a large proportion 
of cases,’ up to 70% in a series specifically examining subacute 
liver failure, despite extensive serologic evaluation and polymerase 
chain reaction testing of serum. Isoniazid hepatotoxicity is one of 
the most common drug-induced causes of ALF in regions where 
tuberculosis is endemic.* 

Although these generalities regarding the cause of ALF in 
Western nations have remained fairly constant during the last 10 
years, changes in the relative contribution of specific causes will 
occur soon, and the overall incidence of ALF is expected to 
decrease.’ Practices of mass vaccination for hepatitis A and hepa- 
titis B may have already decreased the incidence of these agents 
as causes of ALF. A new APAP-protein adduct assay, which can 
detect the biochemical proof of APAP-induced hepatocyte injury 
for more than 1 week, will undoubtedly decrease the number of 
cases of ALF considered indeterminate because of remote inges- 
tion and undetectable serum APAP levels.” The diagnosis of 
autoimmune ALF, which likely comprises a considerable propor- 
tion of indeterminate cases, has undergone refinement in the 
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e Fig. 20-1 Clinical outcome of 228 patients with non-APAP-induced 
acute liver failure according to the time between onset of jaundice and 
onset of hepatic encephalopathy in weeks. (From O'Grady JG, et al. Acute 
liver failure: redefining the syndromes. Lancet 1993;342[8866]:273-275.) 


Prevalence of Causes of Acute Liver Failure According to Geography 


United Kingdom TS) 2 2 2 8 9 
France 2 32 4 il 18 27 
Denmark 19 31 2 17 15 13 
Argentina 0 22 8 14 25 31 
Japan 0 18 3 0 71 8 
India 0 31 2 5 0 62 


APAP, Acetaminophen; HAV, hepatitis A virus; HBV, hepatitis B virus. 


Adapted from Lee WM. Acute liver failure in the United States. Semin Liver Dis 2003;23:21 7-226. 
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e Fig. 20-2 Causes of acute liver failure in the United States 1997-2015 reported to the U.S. Acute 
Liver Failure Study Group registry. AIH, Autoimmune hepatitis; APAP, acetaminophen; BCS, Budd-Chiari 
syndrome; HAV, hepatitis A virus; HBV, hepatitis B virus. (Data courtesy of W.M. Lee, Acute Liver Failure 


Study Group.) 


TABLE 
ie Acute Liver Failure Due to Hepatotropic Viruses: Comparison of Clinical and Diagnostic Features 


Risk of ALF in acute 0.01-0.1% 1.0% Very rare Co, 1-10%; super, 5-20% Pregnant, 20% 
infection 
Risk factors for ALF HBV, HCV, age >40 yr, Females, HCV HBV Chronic HBV Pregnancy 
IVDA, ethanol 
Clinical course Hyperacute Hyperacute/acute Subacute Acute Acute 
Spontaneous survival 40-60% 15-39% — 31-45% — 
after ALF 
Diagnostic tests IgM anti-HAV IgM anti-HBc, HBsAg, HBV DNA Anti-HCV, HCV RNA IgM anti-HDV; Co, IgM anti-HBc — IgM anti-HEV 


ALF Acute liver failure; Co, hepatitis B virus and hepatitis D virus coinfection; HAY, hepatitis A virus; HBc, hepatitis B core; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; HCV, hepatitis C 
virus; HDV, hepatitis D virus; HEV, hepatitis E virus; /VDA, intravenous drug abuse; OLT, orthotopic liver transplantation; super, hepatitis D virus superinfection of chronic hepatitis B virus infection 


histologic criteria and may be increasingly recognized in the 
future, further decreasing estimates of indeterminate cause. 


Hepatotropic Viruses 


All of the commonly recognized hepatotropic viruses—hepatitis 
A virus (HAV), hepatitis B virus (HBV), hepatitis C virus (HCV), 
hepatitis D virus (HDV), and hepatitis E virus (HEV)—have 
been reported to cause ALF, although the relative risk of ALF in 
acute infection—the clinical course of ALF—and_ prognosis 


differs significantly (Table 20-4). 


Hepatitis A 

Acute infection with HAV remains an important cause of ALF 
because of its worldwide distribution but is uncommon in the 
United States. The risk of ALF after acute HAV infection ranges 
between 0.01% and 0.1% and is higher in older patients and in 


patients living in or traveling to endemic areas.''! ALF due to HAV 
is diagnosed by the presence of IgM antibodies, which are present 
in 95% of cases; repeated testing may be required in suspected 
cases of acute hepatitis A to detect the remaining 5%.'* The preva- 
lence of IgM anti-hepatitis A antibodies in ALF ranges between 
2% and 6% in most series, although it has been reported as high 
as 20% to 31% in northwestern Europe.'*'* The temporal pattern 
of ALF in acute hepatitis A is usually hyperacute, with only very 
rare subfulminant cases reported.*” Accordingly, spontaneous sur- 
vival among patients with ALF due to hepatitis A is relatively 
high (40-60%) as compared with that among patients with ALF 
caused by hepatitis B or cryptogenic ALE”? Because the age of 
exposure to HAV has been delayed with improved sanitation and 
the mortality from HAV-associated ALF increases with age, the 
relative importance of HAV in ALF has increased in some areas 
of Europe. Acute hepatitis A is more likely to progress to ALF in 
patients older than 40 years, with a history of homosexuality or 
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intravenous drug abuse and with underlying chronic viral hepati- 
tis B or hepatitis C, or alcoholic liver disease.'*'’ These observa- 
tions support universal immunization against HAV in HBV- and 
HCV-infected patients, or in patients with alcoholic liver disease. 
Liver transplantation for HAV-induced ALF may uncommonly 
result in recurrence of hepatitis in the graft,'* suggesting that 
HAV immunoglobulin should be administered in such patients. 


Hepatitis B 

The absolute risk of ALF after acute HBV infection is approxi- 
mately 1%.” Women and older patients may be at greater risk of 
ALF from HBV.” Recent series from the United States have 
shown a marked reduction in HBV-induced ALF, comprising only 
10% of cases, perhaps due to successful vaccination programs.° In 
areas of the world endemic for HBV, viral superinfection of 
chronic HBV carriers with HCV, HDV, or a cryptic viral agent 
may be the most common cause of ALE’ Preexisting hepatitis B 
surface antigen carriage greatly increases the risk of ALF after 
superinfection by other viruses, including the 6 agent, especially 
in areas where HBV is endemic.” The overall spontaneous sur- 
vival rate after HBV-induced ALF is poor, ranging between 15% 
and 36%,.°”” 

The diagnosis of HBV in ALF is frequently hampered by a 
vigorous immunologic response, which rapidly clears the virus.” 
Consequently, serum hepatitis B surface antigen, hepatitis B e 
antigen, and HBV DNA may be absent in ALE” Because hepa- 
titis B surface antigen may clear in as many as 30% to 50% of 
ALF patients within a few days of the onset of illness, the diag- 
nosis of acute HBV often relies on detection of indirect serologic 
evidence of infection (IgM anti-hepatitis B core antigen and/or 
anti-hepatitis B surface antigen).” The role of occult HBV infec- 
tion in cryptogenic ALF remains uncertain. ALF occasionally 
follows withdrawal of immunosuppression or chemotherapy in 
patients with chronic HBV infection.” Presumably, immunosup- 
pression in such patients increases HBV replication and hepato- 
cyte infection, which may then provoke massive immune-mediated 
cytotoxicity after the restitution of immune competence. 


Hepatitis D 

HDV (the 6 agent) is an adventitious RNA virus that requires 
concomitant HBV infection to complete its life cycle. HDV and 
HBV are acquired by similar parenteral means, and may infect a 
patient simultaneously with HBV (coinfection) or may superin- 
fect a patient with preexisting HBV infection (superinfection); 
both forms of HDV infection frequently lead to ALE Although 
both coinfection and superinfection with HDV increase the risk 
of ALF in hepatitis B by twofold to fivefold, the risk appears to 
be highest in superinfected individuals (acute mortality 1-10% 
and 5-20%, respectively) in whom the replicative machinery of 
HBV is well established.'”?”’* Paradoxically, the mortality from 
HDV/HBV coinfection may be less than for HBV alone,” sug- 
gesting mutual interference in replication between the viruses. The 
prevalence of HDV antibodies in patients with HBV-associated 
ALF is highest in endemic areas of the Mediterranean and Middle 
East, but is decreasing worldwide. In the United States it is most 
common in intravenous drug abusers (up to 34%), among 
whom epidemics of severe HDV hepatitis and ALF have been 
described.'”** In the U.S. Acute Liver Failure Study Group regis- 
try, ALF due to HDV coinfection or superinfection has been 
reported in only 5 of approximately 2300 registrants. 


Clinical Consequences of Chronic Liver Disease 


Hepatitis C 

Whether HCV independently causes ALF remains controversial. 
Most series from centers in Western nations report few or no cases 
of ALF attributable to HCV as the sole cause.” In contrast, 
studies from Japan have detected HCV markers (antibody and/or 
RNA) in as many as 50% of non-A and non-B cases of ALF.” 
Thus although HCV infection may play a role as a cofactor in 
ALF triggered by viral superinfection, "> proof of pathogenicity 
of HCV in cases of ALF requires a very high level of evidence, 
such as documented seronegativity before the episode of ALF and 
seroconversion and/or spontaneous clearance of HCV RNA after 
the illness. Very few reports of HCV-associated ALF have met 
these stringent criteria. 


Hepatitis E 

HEY, a single-stranded RNA virus, has been identified as the 
agent responsible for enterically transmitted epidemic hepatitis. 
Infection with HEV occurs almost exclusively in developing 
nations and only rarely in the West, usually in émigrés or travelers 
from endemic areas.” Endemic areas of HEV infection include 
parts of northern Africa and southern Asia, where HEV is one 
of the two most common causes of ALF after HBV.**’ Young 
adults and pregnant women appear to be particularly vulnerable 
to ALF after acute HEV infection, the latter usually present- 
ing in their third trimester.” In such cases the overall mortality 
approaches 20%. 


Non-Hepatitis A-E Viruses 

Other studies have attempted to identify non—hepatitis A-E 
viruses in patients with ALF of indeterminate cause. Putative 
agents have included togavirus, paramyxovirus, human papilloma 
virus 6, GB virus C, transfusion-transmitted virus, and hepatitis 
G virus infection. Most studies refute a possible role of these 
viruses in non—hepatitis A-E ALF because markers are equally as 
common in the general population, and none of these putative 
agents have rigorously fulfilled Koch’s postulates. 


Systemic Viral Infections 


All members of the herpesvirus family have been anecdotally 
incriminated in ALF, usually in neonates and immunocompro- 
mised adults, including posttransplant patients. The clinical pre- 
sentation of ALF due to varicella-zoster virus infection usually 
involves a vesicular rash, which may be delayed in comparison 
with abdominal symptoms. Similarly, herpes simplex virus hepa- 
titis can present as part of a disseminated infection including 
mucocutaneous vesicles, ALF, disseminated intravascular coagula- 
tion, and death.” Other reports emphasize the absence of systemic 
clues except for fever.” Rare reports of ALF due to other herpes- 
virus infections (human herpesvirus 6, Epstein-Barr virus, and 
cytomegalovirus), remain controversial. The diagnosis of ALF due 
to a herpesvirus is usually made by serologic tests, and detection 
of DNA in blood; liver biopsy specimens may be helpful in 
showing eosinophilic intranuclear inclusions. Prompt administra- 
tion of acyclovir intravenously before confirmatory test results 
have been obtained has been advocated.” Other systemic viral 
infections, such as by adenovirus, Coxsackie B virus, and hemor- 
rhagic fever viruses (Ebola virus, yellow fever virus, Lassa virus, 
dengue virus) are rare causes of ALF in the appropriate geographic 
setting. 


WAJE Features of Acute Liver Failure Induced 
by Intrinsic Versus Idiosyncratic 
Drug Hepatotoxicity 


Dose dependence Yes No 

Incidence High Low 

Latent period Consistent, usually Variable, often 
days weeks 

Clinical course Hyperacute Subacute 

Survival without Relatively good Poor 


transplantation 


ALF, Acute liver failure. 

Adapted from Zimmerman HJ, editor. Hepatotoxicity: the adverse effects of drugs and other 
chemicals on the liver, 2nd ed. Philadelphia: Lippincott Williams & Wilkins, 1999: 
427-456. 


Drug-Induced Acute Liver Failure 


Drug hepatotoxicity accounts for 10% to 20% of ALF in devel- 
oped nations, and a much higher proportion if APAP is included. 
Almost 1000 drugs have been incriminated in liver injury, many 
of which can cause ALE.*”** Drugs that cause ALF may be intrin- 
sic or idiosyncratic toxins. Intrinsic hepatotoxins such as APAP 
cause ALF in a dose-dependent and predictable manner, whereas 
idiosyncratic hepatotoxins cause ALF rarely in a dose-independent 
manner” (Table 20-5). 

Drug-induced ALF may be categorized by the primary patho- 
logic lesion observed on liver biopsy” (Table 20-6). Most drugs 
cause hepatocellular necrosis, but others injure mitochondria and 
lead to microvesicular steatosis, whereas others damage endothe- 
lial cells of terminal hepatic venules, leading to veno-occlusive 
disease/sinusoidal obstruction syndrome. The clinical course of 
ALF caused by an idiosyncratic drug reaction often follows a 
subacute temp, with high mortality without OLT. In addition 
to ALE drugs that cause microvesicular steatosis result in pro- 
gressive lactic acidosis (e.g., fialuridine), and those that cause 
hepatic veno-occlusive disease result in acute right upper quadrant 
pain, tender hepatomegaly, and ascites. Age, sex, nutritional state, 
concomitant diseases, other drugs, ethanol consumption, and 
genetic polymorphisms of drug-metabolizing hepatic enzymes, 
most importantly the cytochromes P-450, all contribute to the 
risk of idiosyncratic drug-induced ALF.” The risk of ALF after 
ingestion of some drugs increases in the presence of potentiat- 
ing agents, often another drug (e.g., rifampin and trimethoprim, 
which enhance the hepatotoxic effects of isoniazid and sulfa- 
methoxazole respectively). 14 

Idiosyncratic drug reactions lead to ALF infrequently (approxi- 
mately 1 in 10,000 prescriptions) or rarely (approximately 1 in 
50,000 prescriptions). The most common drugs include nonste- 
roidal antiinflammatory drugs, antibiotics (especially sulfon- 
amides, isoniazid, and rifampin), and anticonvulsants, particularly 
phenytoin.“ The incidence of ALF due to recreational drugs, 
such as cocaine and ecstasy (3,4-methyl-dioxymethamphetamine), 
appears to be increasing in Europe.” Dietary supplements have 
been incriminated in nearly 10% of cases of drug-induced liver 
injury in the United States.“ 
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MAGS A Partial List of Drugs Causing Acute 
‘Aaa Live Failure According to Primary 
Pathologic Findings 


Hepatocellular Necrosis 


Acetaminophen Dose dependent Ethanol, isoniazid, 


barbiturates 

Anesthetics: halothane Infrequent 
Antiepileptics 
Phenytoin Infrequent 
Carbamazepine Rare 
Antibiotics 
Amoxicillin Clavulanic acid 
Isoniazid Infrequent Rifampin 
Nitrofurantoin 
Ketoconazole Rare 
Ofloxacin Rare 
Sulfonamides Infrequent Trimethoprim 
Antihypertensives 
o-Methyldopa 
Hydralazine 
Labetalol Rare 
Nicotinic acid (slow Rare 

release) 
Nonsteroidal Antiinflammatory Drugs 
Diclofenac Infrequent 
Bromfenac Infrequent 


Microvesicular Steatosis 


Amiodarone Infrequent 
Fialuridine 

Tetracycline 

Valproate Infrequent 


Veno-Occlusive Disease 
Azathioprine 

Busulfan 
Cyclophosphamide 
Dacarbazine 
6-Thioguanine 


ALF, Acute liver failure. 
Adapted from Sze G, Kaplowitz N. Drug hepatotoxicity as a cause of acute liver failure. In: 
Lee WM, Williams R, editors. Acute liver failure. 1st ed. Cambridge, United Kingdom: Cam- 
bridge University Press, 1997: 19-31; and Lee WM. Acute liver failure. M Engl J Med 
1993;329:1862-1872. 


Acetaminophen 


The analgesic acetaminophen (APAP) is an intrinsic hepatotoxin 
with a narrow therapeutic window. When used in recommended 
dosages (<4 g/day), APAP rarely causes hepatotoxicity. However, 
APAP overdose remains the most common cause of ALF in the 
United Kingdom despite a recent decrease in incidence after 
changes in marketing the drug designed to limit the number of 
tablets dispensed.“ In the United States, APAP has remained the 
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most common cause of ALF, accounting for 45% to 50% of cases, 
a fact that has finally compelled the Food and Drug Administra- 
tion to change labeling requirements, and to consider changes in 
packaging and bundling with prescription narcotics. Approxi- 
mately half of APAP overdoses in the United States are from 
ingestions with suicidal intent; the other half are unintentional in 
patients with pain syndromes.“ Patients with unintentional APAP 
overdoses more often ingest multiple APAP-containing prepara- 
tions usually bundled with narcotics over a longer period. In 
contrast, patients who present with intentional APAP overdoses 
have more frequent histories of depression and ingest higher doses 
in single ingestions (Table 20-7). 

The clinical presentation of ALF due to APAP includes a 
hyperacute progression from jaundice to hepatic encephalopathy 
and distinct patterns of laboratory abnormalities compared with 


WAE Characteristics of Intentional Versus 
Unintentional Acetaminophen Overdoses 
in 253 Patients With Acute Liver Failure 


Female (%) 74 73 NS 

Total APAP dose (g) 25 20 NS 

APAP dose/day (g) 25 Ta 0.001 
ALT (mean IU/L) 5326 3129 0.001 
Encephalopathy >grade 3 (%) 39 55 0.026 
History of depression (%) 45 24 0.001 
APAP-narcotic bundled (%) 18 63 0.001 
Multiple APAP preparations (%) 5 38 0.001 


ALT, Alanine transaminase; APAP, acetaminophen; NS, not significant. 
Adapted from Larson AM, et al. Acetaminophen-induced acute liver failure: results of a United 
States multicenter, prospective study. Hepatology 2005;42(6):1364-1372. 


Clinical Consequences of Chronic Liver Disease 


ALF due to other causes (Table 20-8).’ The levels of hepatic 
transaminases rise within 12 hours to 24 hours of ingestion, often 
peaking at strikingly high levels, with the level of aspartate trans- 
aminase greater than that of alanine transaminase, significantly 
higher than for other causes of ALF‘ Peak levels of transaminases 
and prothrombin times are usually observed 3 days after ingestion, 
and then rapidly reduce (aspartate transaminase faster than alanine 
transaminase) if the patient spontaneously recovers; peak bilirubin 
levels are lower than for other causes. The spontaneous survival 
rate is higher, and the need for liver transplantation is lower, than 
for ALF of other causes. Liver biopsy characteristically reveals 
centrilobular (Zone 3) necrosis without inflammation.“° Renal 
failure, usually due to acute tubular necrosis, develops in a higher 
proportion of patients (up to 70%) with ALF due to APAP over- 
dose than other causes, usually within 24 hours to 72 hours of 
the ingestion.*”“* The mechanisms of renal failure in APAP over- 
dose are likely multiple, but direct nephrotoxicity by APAP 
metabolites seems primary.” 

The mechanism of hepatic injury in APAP overdose and the 
rationale behind the use of its antidote, N-acetylcysteine (NAC), 
was elucidated in experimental animals by Mitchell et al.” in 
1973. Under nontoxic conditions, 80% of an APAP dose is glu- 
curonidated and sulfated, and eliminated in urine (Fig. 20-3). A 
small fraction (<5%) is oxidized to the reactive intermediate 
N-acetyl-p-benzoquinone imine (NAPQI) by cytochromes P-450, 
most importantly, cytochrome P-450 2E1. NAPQI may be ren- 
dered harmless by binding to reduced glutathione, a reaction cata- 
lyzed by glutathione S-transferase. However, under conditions 
where the supply of NAPQI exceeds the amount of available 
glutathione, the former covalently binds hepatocellular proteins, 
initiating hepatocyte necrosis. 

In theory and common teaching, the hepatotoxicity of APAP 
may be enhanced by agents that either increase production of 
NAPQI or reduce the supply of glutathione. High doses of 
APAP saturate the enzymes involved in conjugation, increasing 
the amount of the substrate for the oxidative pathway. Ethanol 
and certain drugs (e.g., isoniazid, barbiturates) induce the activity 
of cytochromes P-450, thereby increasing NAPQI production; 
the increased toxicity of APAP caused by ethanol appears to be 


WAJ Clinical and Laboratory Features of the 1321 Patients Enrolled in the U.S. Acute 
Liver Failure Study Group Registry, 1998-2008 


20-8 


Sex (% female) 75 68 57 44/43 73 
Age (yr) 36 46 38 49/42 42 
Jaundice-encephalopathy 0 9 9 3/6.5 7 
(median days) 
Encephalopathy Grade 3/4 (%) 51 37 49 53/53 41 
Peak ALT (IU/L) 4016 626 846 2275/1702 668 
Bilirubin (median mg/dL) 4.5 20.4 22.4 12.3/18.5 ost 
Transplanted (%) 9 44 44 29/44 31 
Spontaneous survival (%) 64 27 25 56/26 37 
Overall survival (%) 73 68 66 82/64 64 


ALT, Alanine transaminase; APAP, acetaminophen; HAV, hepatitis A virus; HBV, hepatitis B virus. 
Data courtesy of W.M. Lee, U.S. Acute Liver Failure Study Group. 
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e Fig. 20-3 Pathways of acetaminophen metabolism. Pathway A, the pathway toward increased forma- 
tion of the toxic acetaminophen (APAP) metabolite N-acetyl-p-benzoquinone imine (NAPQI) is enhanced 
by larger doses of acetaminophen and inducers of cytochrome P-450 2E1 (ethanol, isoniazid, phenobar- 
bital, phenytoin). Pathway A may also be enhanced by conditions that decrease glucuronidation (fasting, 
malnutrition). Pathway B is inhibited by fasting and glucuronyl transferase deficiency (Gilbert syndrome), 
leading to an increase in Pathway A. Pathway C, a major pathway toward detoxification of NAPQI, is 
inhibited by conditions that deplete the hepatocyte of glutathione (GSH), such as fasting, malnutrition, and 
ethanol consumption. Inhibition of Pathway C leads to increased covalent binding of NAPQI to hepatocyte 
proteins, and hence necrosis. (From Zimmerman HJ, editor. Hepatotoxicity: the adverse effects of drugs 
and other chemicals on the liver. 2nd ed. Philadelphia: Lippincott Williams & Wilkins, 1999.) 


predominantly from inducing cytochrome P-450 2E1.”' In con- 
trast, fasting and malnutrition, such as that seen with long-term 
alcohol abuse, decrease glutathione synthesis and theoretically 
deplete the hepatocyte’s ability to detoxify NAPQI. In average-risk 
patients ingesting APAP with suicidal intent, a minimal dose of 
7 g to 8 g of APAP seems necessary to induce hepatocyte necrosis; 
15-g ingestions often cause hepatotoxicity, whereas greater than 
20 g consistently causes ALF.” Long-term alcohol consump- 
tion, however, has been associated with increased hepatotoxicity 
such that injury can occur at doses considered therapeutic.*°”’”* 
For example, in individuals affected with alcoholism with acute 
liver injury after ingestion of APAP for management of chronic 
pain, 40% ingested less than 4 g/day, the recommended dosage, 
and 60% ingested less than 6 g/day, considered nontoxic.*° It 
should be noted, however, that the above-mentioned risk factors 


for increased APAP hepatotoxicity are largely based on retrospec- 
tive data and have been questioned.” 


Biologic Toxins 


ALF from ingestion of the mushrooms of the genus Amanita (A. 
phalloides, A. verna, and A. virosa) occurs occasionally in Europe 
(50 to 100 fatal cases per year) but rarely in the United States 
(usually in California and the Pacific Northwest), with fewer 
than 100 fatal cases between 1900 and 1994.” Three medium- 
sized mushrooms (50 g) contain sufficient toxin, Q-amanitin and 
phalloidin, to cause ALF; the toxins are heat stable and not 
degraded by cooking. Symptoms of gastroenteritis (abdominal 
pain, nausea, vomiting, and diarrhea) precede liver dysfunction, 
and renal failure and pancreatitis are common. A mitochondrial 
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toxin isolated from the foodborne pathogen Bacillus cereus was 
also incriminated in a case of ALF in which an autopsy of the liver 
showed microvesicular steatosis.” ALF caused by herbal remedies 
has been reported with increasing frequency,” and all patients 
with ALF should be specifically queried about ingestion of alter- 
native medicines. 


Metabolic Causes of Acute Liver Failure 


Acute Wilson disease, a rare presentation of the autosomal reces- 
sive defect in canalicular copper transport, accounts for approxi- 
mately 3% of ALF cases in the U.S. Acute Liver Failure Study 
Group registry and is classically difficult to diagnose. Acute 
Wilson disease classically occurs in a young patient (first 2 decades 
of life) and is often accompanied by Coombs negative hemo- 
lytic anemia, the result of a massive copper release from necrotic 
hepatocytes and subsequent toxicity on erythrocyte membranes. 
Hypouricemia and low serum alkaline phosphatase concentra- 
tion accompany a strikingly high serum bilirubin concentration 
(largely indirect). A low serum ceruloplasmin concentration is 
insensitive for a diagnosis of acute Wilson disease; conversely, a 
high serum copper concentration is sensitive but nonspecific.” 
The most diagnostic laboratory finding may be the alkaline phos- 
phatase to total bilirubin ratio, which provided a 100% accuracy 
with a cutoff of less than 2 in one small series” and nearly as high 
for a cutoff of less than 4 in a larger series.’ A suspicion of acute 
Wilson disease as the cause of ALF should immediately lead to 
liver transplant evaluation because spontaneous recovery rarely 
occurs.” 

Reye syndrome, a disorder of hepatocyte mitochondrial metab- 
olism, has become an extremely rare cause of ALF in the United 
States, with no more than two cases per year reported to the 
Centers for Disease Control and Prevention between 1994 and 
1997.° Reye syndrome usually presents in children with an 
influenza-like viral prodrome and a history of salicylate ingestion 
and is followed by encephalopathy, cerebral edema, and frequently 
death. Liver biopsy shows characteristic microvesicular steatosis 
with little necrosis, reflecting mitochondrial injury, which impairs 
both urea cycle disposal of ammonium and f-oxidation of fatty 
acids. Other metabolic causes of ALF in neonates or children 
include galactosemia, fructosemia, tyrosinemia, 0,-antitrypsin 
deficiency, and Niemann-Pick disease type II.°* 

ALF presenting in pregnant females may be caused by disease 
entities specific to pregnancy or nonspecific agents, such as viruses 
or drugs.“ Acute fatty liver of pregnancy is a disorder of hepato- 
cyte mitochondrial metabolism occurring in the late third trimes- 
ter. The high mortality due to ALF for the mother and fetus can 
usually be avoided by prompt delivery.” Studies have attributed 
acute fatty liver of pregnancy and the HELLP syndrome (hemoly- 
sis, elevated liver chemistries, low platelets) to concomitant defects 
in maternal and fetal mitochondrial long-chain 3-hydroxyacyl- 
coenzyme A dehydrogenase.” The ability of delivery to reverse 
HELLP syndrome, which is associated with preeclampsia, may 
be less certain than for acute fatty liver of pregnancy, as a series 
of women who underwent transplant for this indication has been 


described.” 


Autoimmune Acute Liver Failure 


Autoimmune hepatitis has been reported to present as autoim- 
mune ALF in 5% of cases; conversely, approximately 5% of cases 
of ALF in the U.S. Acute Liver Failure Study Group registry have 
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been ascribed to autoimmune ALF. It is not clear that classically 
defined autoimmune hepatitis and autoimmune ALF represent 
the same disease entity, however. Estimates of the incidence of 
autoimmune ALF are based primarily on clinical and serologic 
criteria rather than histologic features, an important criterion for 
the diagnosis of autoimmune hepatitis. In an analysis of liver 
specimens from patients with ALF of indeterminate cause, the 
second largest group in the U.S. Acute Liver Failure Study Group 
registry behind patients with ALF caused by APAP (19% of total 
cases), approximately half had histologic features of autoimmune 
hepatitis.” In contrast to the portal-based inflammation of auto- 
immune hepatitis, a histologic hallmark of autoimmune ALF is 
central perivenulitis, often with a plasma cell—rich inflammatory 
infiltrate.”””' Whether the early administration of corticosteroids 
improves outcome in autoimmune ALF remains unproven”; a 
recent retrospective analysis of nonrandomized patients with auto- 
immune ALF in the U.S. Acute Liver Failure Study Group registry 
found no benefit.” 


Ischemic Causes of Acute Liver Failure 


Acute hepatic vein thrombosis, Budd-Chiari syndrome, may 
present as ALE. The classic findings of chronic hepatic vein throm- 
bosis, tender hepatomegaly, and ascites may be absent in patients 
with ALF, Pathologically, the liver shows extensive hemorrhagic 
infarction. Circulatory collapse, so-called shock liver, may also 
evolve into ALF if hepatic ischemia is prolonged, often after sepsis 
or surgery, or in patients with severe heart failure. Severe intrahe- 
patic sickling in patients with sickle cell anemia can also precipi- 
tate ischemic ALF, as can veno-occlusive disease (sinusoidal 
obstruction syndrome) after systemic chemotherapy, usually in 
preparation for bone marrow transplant. In the early post—liver 
transplant recipient, ALF may be a manifestation of hepatic artery 
or portal vein thrombosis. Finally, status epilepticus rarely may 
result in ALF due to ischemic liver injury.” 


Diffuse Malignant Infiltration of the Liver 


Rarely, massive hepatocellular necrosis may follow infiltration of 
the liver by several metastatic malignancies, most commonly 
breast carcinoma and lymphomas.” Other malignancies include 
melanoma, gastric carcinoma, small-cell lung carcinoma, pancre- 
atic carcinoma, and leukemia.” Hepatic imaging by CT scan may 
not reveal nodular infiltration if there is diffuse intrasinusoidal 
spread. Pathologic examination of the liver most often reveals 
diffuse infiltration of the liver with tumor cells rather than nodular 
aggregates. 


Pathogenesis of the Syndrome 
of Acute Liver Failure 


Early Presentation of the Acute Injury 


Depending on the cause of ALF the illness may either present 
without warning or be preceded by a prodromal illness. Patients 
often report nonspecific epigastric and upper abdominal distress 
accompanied by anorexia and nausea in the early stages of the 
illness, but marked liver pain should suggest acute Budd-Chiari 
syndrome.” On examination, the liver is usually of normal size or 
small, except in those with acute Budd-Chiari syndrome. Symp- 
toms are accompanied by marked elevations of serum aspartate 


transaminase and alanine transaminase levels, with modest eleva- 
tions of alkaline phosphatase level. 


Failure of Liver Function 


Failure of Hepatobiliary Excretion 

Notable impairment in hepatobiliary excretory function results in 
hyperbilirubinemia and jaundice. The canalicular excretion of 
bilirubin is the rate-limiting step in bilirubin excretion; conse- 
quently, ALF causes conjugated hyperbilirubinemia. The degree 
of hyperbilirubinemia is accentuated if hemolysis coexists, which 
may result from the oxidant stress associated with the cause of 
ALE, or from ALF itself. For example, patients with ALF due to 
Wilson disease, which is often accompanied by hemolytic 
anemia,” experience marked hyperbilirubinemia. 


Failure to Metabolize Toxic Substances 


The liver metabolizes many potentially toxic endogenous sub- 
strates that accumulate with ALE the most clinically important 
of which is ammonia. The increase in serum ammonia levels with 
ALF is primarily due to the failure of the liver to convert ammonia 
to urea via the urea cycle and has been implicated in the patho- 
genesis of hepatic encephalopathy and intracranial hypertension.” 
Sources of ammonia in ALF include the intestine and, less impor- 
tantly, the kidneys, whereas muscle can detoxify ammonia into 
glutamine (Fig. 20-4). 

The metabolism of drugs is also drastically affected by ALF. 
Most drugs undergo some degree of hepatic modification, and 
because ALF impairs drug metabolism, their biologic half-life 


t-m 


Glutamine 


e Fig. 20-4 Sources and metabolic fate of ammonia and glutamine in 
acute liver failure. The primary source of ammonia is the gut, which under 
normal conditions is cleared by urea (major pathway) and glutamine (minor 
pathway) synthesis in the liver. Hepatocellular insufficiency in acute liver 
failure results in the accumulation of ammonia in peripheral tissues, par- 
ticularly brain and muscle, which detoxify ammonia by synthesizing gluta- 
mine from glutamate. In turn, glutamine released into blood is taken up 
by the intestines, liberating ammonia, or cleared by the kidneys. The 
capacity of renal excretion of glutamine in acute liver failure is adversely 
affected by renal dysfunction, which often accompanies acute liver failure. 
(From Vaquero J, et al. Pathogenesis of hepatic encephalopathy in acute 
liver failure. Semin Liver Dis 2003;23:259-269.) 
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increases. Other sources of altered drug and drug metabolite 
disposal include alteration of the volume of distribution, intra- 
vascular protein binding, and renal failure. These changes in phar- 
macokinetics enhance the probability of drug toxicity or worsened 
liver injury.” Therefore the use of all medications in the setting 
of ALF must be carefully considered in terms of necessity, dosage, 
and toxicity. 


Failure of Intermediary Metabolism 


The metabolic consequences of ALF include alterations in carbo- 
hydrate, lipid, and protein metabolism (Table 20-9). Spontaneous 
hypoglycemia frequently complicates ALF because of decreased 
glycogen stores, decreased ability to mobilize glycogen, and 
decreased gluconeogenesis within the liver. Serum concentrations 
of free fatty acids increase in ALF, resulting in a decrease in the 
acetoacetate to 3-B-hydroxybutryate (arterial ketone body ratio), 
which may contribute to hepatic encephalopathy. ALF is also 
associated with negative nitrogen balance, which results from the 
enhanced catabolism of proteins, including muscle proteins.” 


Failure of Biosynthetic Function of the Liver 


The two most clinically relevant synthetic products of the liver are 
albumin and coagulation factors. Albumin has a half-life of 15 
days to 20 days; consequently, serum concentrations decrease rela- 
tively late in the course of ALE As part of the definition of ALẸ 
an elevated international normalized ratio (INR) of prothrombin 
time is universal but its significance in terms of predicting a bleed- 
ing diathesis remains unproven. Plasma activities of factors syn- 
thesized in the liver (factors II [prothrombin], V, VII, IX, and X) 
are reduced in all patients with ALE as are the levels of liver- 
derived proteins involved in fibrinolysis and liver-derived antico- 
agulant proteins (protein C/S and antithrombin),***” resulting in 
“rebalanced hemostasis.”** The INR and activities of factors V and 
VIL, which have the shortest half-lives, offer important prognostic 
information regarding the likelihood of spontaneous survival or 


death without OLT.**” 


Effects of Acute Liver Failure 
on Extrahepatic Systems 


Primary liver injury is often followed by secondary extrahepatic 
organ system failure mediated by proinflammatory cytokines and 


TABLE : 7 : 
Metabolic Consequences of Acute Liver Failure 


Carbohydrate metabolism: 
e Hypoglycemia: 
e Decreased glycogen stores 
e Decreased gluconeogenesis 
e Hyperglycemia (usually mild): 
e Insulin resistance 
Lipid metabolism: 
e increased levels of plasma free fatty acids: 
e Increased peripheral lipolysis 
e Decreased lipogenesis 
e Altered arterial ketone body ratio: 
e Altered mitochondrial redox potential 
Protein metabolism: 
e Increased protein breakdown 
e Increased plasma amino acid levels 
e Relative decrease in branched chain amino acid levels 
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Bleeding 


Intracranial 


hypertension Sepsis 


Multiorgan 
system failure 


e Fig. 20-5 Proximate causes of death in patients with acute liver 
failure. Improvements in intensive care management and the widespread 
use of orthotopic liver transplantation to rescue patients with acute liver 
failure have decreased the overall mortality from greater than 80% to 33% 
in the United States in approximately the last 25 years. Proximate causes 
of death have also changed over the same period, with the incidence of 
death from hemorrhage decreasing from approximately 25% to less than 
5% and that from intracranial hypertension/brainstem herniation decreas- 
ing to 20% from 25%. Currently, the most common cause of death in 
patients with acute liver failure is multiorgan system failure, often triggered 
by sepsis, which may also exacerbate the bleeding diathesis and increase 
the risk of developing intracranial hypertension. (Adapted from Stravitz RT, 
Kramer DJ. Management of acute liver failure. Nat Rev Gastroenterol 
Hepatol 2009;6[9]:542-553.) 


microcirculatory dysfunction, which causes inadequate oxygen- 
ation of peripheral tissues. As the function of one organ system 
declines, a domino effect occurs on other organ systems, often 
compounded by sepsis. MOSF is the most common cause of 
death in recent studies of ALF (Fig. 20-5). 


Microcirculatory Dysfunction 


The pathogenesis of impaired peripheral tissue oxygenation in 
ALF includes defects in oxygenation of blood in the lungs, oxygen 
carriage in arterial blood, and oxygen extraction from the micro- 
circulation (Table 20-10). Decreased oxygenation of blood in the 
lungs may develop from atelectasis, volume overload, pneumonia, 
or the development of acute respiratory distress syndrome. Oxygen 
delivery to peripheral tissues within blood is adversely affected by 
decreased cardiac output and shifting of the oxygen dissociation 
curve of hemoglobin as a consequence of acid-base and ventilatory 
disturbances and altered 2,3-diphosphoglycerate levels. ALF also 
compromises peripheral tissue perfusion as a consequence of vaso- 
dilation of the microcirculation. Vasoactive factors such as nitric 
oxide and tumor necrosis factor appear to be responsible for the 
microcirculatory dysfunction in ALF, which creates a functional 
diffusion barrier against oxygen delivery because of decreased 
contact time with tissue capillaries.” >? 


Cardiovascular Consequences 


The initial cardiovascular hallmark of ALF is a hyperdynamic 
state, characterized by an increased cardiac output and decreased 
systemic vascular resistance. The decrease in systemic vascular 
resistance results from peripheral arteriolar dilation, capillary 
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UAS Pathogenesis of Impaired Tissue Respiration 
“Aes in Acute Liver Failure 


e Impaired pulmonary oxygenation of blood: 
e Decreased delivery (dysfunctional airway [e.g., mucous plugs]) 
e impaired ventilation 
e WQ mismatch 
e Altered oxygen carriage and delivery capacity of blood: 
e Decreased hemoglobin concentration 
e Altered oxygen association-dissociation properties of 
hemoglobin: 
e Increased association: 
—Hypocarbia 
—Alkalosis 
—Decreased levels of red blood cell 2,3-diphosphoglycerate in 
stored blood 
e Increased dissociation: 
—Acidosis 
—Hypercarbia 
—Increased red blood cell 2,3-diphosphoglycerate levels 
because of anemia and hypoxemia 
e Altered ability to deliver oxygenated blood to tissues: 
e Decreased cardiac output (advanced ALF) 
e Changes in regional vascular resistance 
e Opening of peripheral arteriovenous shunts 
e Impaired oxygen use by tissues: 
e Changes in transit time in peripheral microcirculation 
e Pathologic oxygen dependency 


ALF, Acute liver failure. 


recruitment in peripheral tissues, and arteriovenous shunting, pre- 
dominantly the result of increased nitric oxide activity.” As a 
result, cardiac output often increases to values of 7 L/min to 10 L/ 
min, due to both tachycardia and increased stroke volume. In 
early ALF central venous pressure (CVP) usually remains low, 
reflecting decreased central blood volume, but hypervolemia 
usually follows because of infused intravenous fluids and the 
development of renal failure.” Similarly, mean arterial pressure 
(MAP) is maintained by the increase in cardiac output in early 
ALF but drops once cardiac output succumbs to intravascular 
volume depletion, arrhythmias, or myocardial depression. The 
final stages of ALF are characterized by profound peripheral vaso- 
dilation, failing cardiac output, and, eventually, hemodynamic 
collapse. 


Pulmonary Consequences 


Central hyperventilation with a respiratory alkalosis character- 
izes the initial pulmonary presentation of ALF. As intracranial 
pressure (ICP) rises, hyperventilation often progresses, and the 
development of sudden, severe hyperventilation may precede 
sudden respiratory arrest. Initially, oxygenation is relatively pre- 
served in patients with ALF, but progressive hypoxemia super- 
venes because of ventilation-perfusion mismatch within the lungs, 
volume overload, left ventricular failure, intrapulmonary arte- 
riovenous shunting, increased pulmonary capillary permeability, 
and pneumonia.” Pulmonary edema in the presence of a normal 
pulmonary capillary wedge pressure suggests the development 
of acute respiratory distress syndrome, which can also emerge as 
the pulmonary component of systemic inflammatory response 
syndrome (SIRS).”””° 


Ww\=)8-3 Mechanisms of Acute Kidney Injury 
“AON in Acute Liver Failure 
e  Prerenal azotemia: 
e Increased Gl losses (GI bleeding, nasogastric drainage, diarrhea 
from lactulose) 
e Inadequate volume replacement 
e Acute tubular necrosis: 
e Volume depletion 
e latrogenic (aminoglycosides, NSAIDs) 
e Hepatotoxin-induced (APAP, amatoxin, TMP-SMZ) 
e Sepsis-related: 
e Decreased renal perfusion 
e Cortical necrosis 
e Urinary tract infection 
e Functional renal failure of ALF (hepatorenal syndrome) 


ALF, Acute liver failure; APAP, acetaminophen; Gi, gastrointestinal; NSA/Ds, nonsteroidal 
antiinflammatory drugs; TMP-SMZ, trimethoprim-sulfamethoxazole. 


Renal and Electrolyte Disturbances 


Acute kidney injury (AKI) occurs in 40% to 80% of patients with 
ALF and is more common in patients with APAP-induced 
ALE”””* The four major causes of AKI in ALF are effective blood 
volume depletion, acute tubular necrosis, sepsis, and a syndrome 
of functional renal failure closely resembling the hepatorenal syn- 
drome of cirrhosis (Table 20-11).**”” Prerenal azotemia frequently 
results from marked systemic vasodilation, gastrointestinal bleed- 
ing, fluid loss due to inappropriately aggressive lactulose therapy, 
and inadequate volume replacement. Severe, prolonged hypovo- 
lemia, or the use of nonsteroidal antiinflammatory drugs or ami- 
noglycosides, can lead to acute tubular necrosis, a complication 
documented in 22% to 50% of patients with ALE” Sepsis exac- 
erbates peripheral vasodilation and may precipitate renal failure 
from circulatory collapse, or cause diffuse cortical necrosis by 
initiating disseminated intravascular coagulation. The functional 
renal failure associated with ALF appears to be initiated by patho- 
physiologic mechanisms similar to those present in cirrhotic indi- 
viduals with hepatorenal syndrome.“ The prognosis of patients 
with ALF and AKI is very poor unless they receive a liver trans- 
plantation, but spontaneous renal recovery can occur with recov- 
ery of liver function or liver transplantation.” 

Severe fluid and electrolyte abnormalities always accompany 
ALF Free water retention occurs early, resulting in dilutional hypo- 
natremia,'°” which can contribute to cerebral edema, mandating 
immediate correction. In general, the degree of hyponatremia is 
proportional to the severity of liver failure. Hypokalemia accom- 
panies hyponatremia, due to gastrointestinal losses, diuretics, and 
alkalosis. Hypophosphatemia also occurs commonly, and results 
from a shift of phosphate from the extracellular to the intracel- 
lular compartment in response to glucose infusions and possibly 
due to use in ATP synthesis by regenerating hepatocytes.'”' In 
the presence of oliguric renal failure, however, hyperkalemia and 
hyperphosphatemia usually develop. Finally, hypocalcemia can 
complicate the transfusion of large amounts of citrated blood 
products. 


Hematologic Disturbances 


Although disturbed hemostasis (Fig. 20-6) comprises a part of the 
definition of ALF, it is inaccurate to conclude that an elevated 
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INR represents an assessment of bleeding risk. The levels of pro- 
coagulant and anticoagulant liver-derived proteins decrease in 
parallel in ALE, similarly to the case in cirrhosis.'°’” Other compen- 
satory mechanisms exist, such that global hemostasis as assessed 
by thromboelastography remains normal or blood is hyperco- 
agulable in most patients,” and thrombin generation remains 
at the same levels, on average, as in normal healthy controls. "°? 
Factor VIII and von Willebrand factor levels are elevated many- 
fold above normal, reflecting endothelial injury/activation, and 
compensate for deficient procoagulant factors and quantitative/ 
qualitative platelet deficiencies respectively. Consequently, spon- 
taneous, clinically significant bleeding is uncommon in patients 
with ALF (approximately 5%), and rarely contributes to death 
in more recent clinical series.'°’ When bleeding in patients with 
ALF occurs, the origin is most often from a mucosal (capillary- 
type) source, such as the gastric, pulmonary, or genitourinary 
systems, and uncommonly necessitates red cell transfusion. 
Although portal hypertension accompanies ALF as a function of 
the architectural collapse of the liver, ™ bleeding from varices does 
not occur. 

‘Thrombocytopenia commonly accompanies ALF and probably 
results more from increased consumption than from decreased 
production because thrombopoietin concentrations correlate 
poorly with platelet counts,” and decreases in platelet counts 
correlate strongly with the severity of SIRS and MOSE, which are 
characterized by platelet activation and clearance.'*° Platelet acti- 
vation is associated with the formation of highly procoagulant 
microparticles, which may themselves contribute to rebalanced 
hemostasis, and may contribute to the pathogenesis of MOSF. 
Microparticle-associated tissue factor activity, a measure of hyper- 
coagulability, is elevated in the plasma of patients with ALF more 
than any other hypercoagulable disease state studied to date.'”” 

Finally, abnormal fibrinolysis also accompanies ALE, and con- 
tributes to rebalanced hemostasis. Decreases in the levels of liver- 
derived profibrinolytic proteins are offset by increases in the levels 
of endothelial-derived profibrinolytic proteins; a similar balance 
has been observed for antifibrinolytic proteins.” Overall, fibrino- 
lysis is decreased in many patients to the point where clot lysis in 
vitro is absent." In summary, overall hemostasis in ALF usually 
remains normal or blood is hypercoagulable despite abnormalities 
in all phases of hemostasis, but the mechanisms are complex and 
incompletely defined. Generally, a precarious state of rebalanced 
hemostasis remains (see Fig. 20-6),”’ which may be upset by an 
appropriate trigger, such as infection. 


Breakdown of Host Immune Defenses 


Abnormalities in immune defense in patients with ALF greatly 
increase the susceptibility to infection (Table 20-12), a major 
trigger of MOSF intracranial hypertension, and death. More than 
80% of patients with ALF have bacteriologic evidence of infection 
at some point during their illness.'°*'”’ Natural host barriers are 
breached by the process of caring for any critically ill patient. 
Abnormal antibacterial defenses further contribute to the suscep- 
tibility to infection, such as depressed complement concentra- 
tions, impaired opsonization of bacteria, and decreased neutrophil 
chemotaxis and superoxide production. Clinically, pneumonia, 
septicemia, and urinary tract infections are the most common 
types of infection encountered in patients with ALE.'°*' Infec- 
tious complications in ALF usually occur late after the develop- 
ment of SIRS, and may be the consequence of an overshoot of 
the compensatory antiinflammatory response syndrome.’ 
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e Fig. 20-6 Model of rebalanced hemostasis in acute liver failure. Despite a high international normal- 
ized ratio and thrombocytopenia, the three phases of hemostasis depicted on the /eft (primary hemostasis, 
coagulation, and fibrinolysis) remain generally rebalanced or favor hypercoagulability. Mechanisms com- 
pensating for the primary liver synthetic failure appear to be triggered by the cytokine storm, driving 
endothelial cell and platelet activation. Thrombocytopenia is thus compensated for by the production of 
prohemostatic microparticles and endothelial cell activation, increasing the level of von Willebrand factor, 
increasing platelet adherence and aggregation. Deficiency of liver-derived procoagulant factors is rebal- 
anced by deficiency of anticoagulant proteins C and S and antithrombin (AT) as well as increased factor 
VIII release from endothelial cells, which may compensate for low levels of factors V and VI. Finally, fibri- 
nolysis is markedly impaired in acute liver failure, such that clot lysis is frequently absent in vitro, which 
may also be ascribed to decreased levels of liver-derived and increased levels of endothelial cell-derived 
regulatory proteins. TAFI, Thrombin activatable fibrinolysis inhibitor; t-PA, tissue plasminogen activator. 


WAGE Factors Contributing to Infection Gastrointestinal Consequences 
AP in Acute Li Fail 
n SEUEN ra ure Nausea and vomiting occur frequently early in the course of 
e Breakdown of natural barriers to infection: ALE, whereas an ileus may develop in later stages. The cause of 
e Skin: intravenous lines ileus is often multifactorial, and includes electrolyte and acid-base 
e Airway: disturbances, sepsis, and the use of narcotics to control agita- 


e Aspiration of pharyngeal and gastric contents 
e Intubation 

e Urinary tract: indwelling catheters 

e Cranial: ICP monitors 


tion. Although pancreatic enzyme levels are elevated in a third of 
patients, clinically significant pancreatitis occurs infrequently.''! 
Gastrointestinal bleeding from mucosal petechial lesions can also 


e Gl tract: increased translocation from edematous and occur, especially in the setting of thrombocytopenia, disseminated 
hemorrhagic mucosa intravascular coagulation, and sepsis. The hepatic venous pressure 
e Colonization: gradient can become elevated, and both varices and ascites have 
e Skin and pharynx: hospital flora been reported to develop late in ALF; however, variceal hemor- 

e Stomach: use of antiacid therapy thage is distinctly rare." 


e Colon: use of antibiotics 
e Impaired host defenses: 


e Decreased complement levels Neurologic Consequences 


e Decreased neutrophil chemotaxis By definiti losic dyfnion foil li oot : 
o eied eaii of aisoto bactena y definition, neurologic dysfunction follows liver injury in 
e Decreased neutrophil capacity to produce superoxide ions patients with ALF, but differs in several important respects from 
e Decreased reticuloendothelial capacity to clear bacteria and than in patients with cirrhosis. Seizures and agitation frequently 
bacterial products complicate the hepatic encephalopathy of ALF but occur rarely 
in patients with cirrhosis. Most importantly, patients with ALF 
Gi, Gastrointestinal; (CP, intracranial pressure. develop cerebral edema and intracranial hypertension, signifi- 


cant degrees of which generally do not occur in patients with 
cirrhosis. 1>? 


Hepatic Encephalopathy 


The biochemical basis of hepatic encephalopathy in ALF remains 
incompletely understood but certainly involves the accumulation 
of endogenous or gut-derived toxins within the central nervous 
system, which in turn alters energy balance and neurotransmission 
(Tables 20-13 and 20-14).® Circulating neurotoxins that have 
been incriminated in the pathogenesis of hepatic encephalopa- 
thy include ammonia and endogenously derived benzodiazepine 
receptor agonists. Ammonia has been most strongly implicated 
in the pathogenesis of hepatic encephalopathy in ALF (Fig. 20-7) 
because high serum and brain concentrations of ammonia and 
high brain concentrations of glutamine, the principal metabolic 
product of ammonia detoxification, are universal in patients with 
ALE!" Circulating concentrations of ammonia weakly corre- 
late with the degree of neurologic dysfunction, but are useful 
in estimating the risk of developing cerebral edema. Ammonia 
in the patient with ALF originates predominantly from the gut, 
from bacterial metabolism of urea and amino acids, and from 
use of glutamine as an energy source by the intestinal mucosa 


(see Fig. 20-4). 


WAS Clinical Grades of Hepatic Encephalopathy 
“AE in Acute Liver Failure 


Symmetric 
slowing 


1 Lack of awareness, 
short attention span, 
altered sleep pattern 


Tremor, constructional 
apraxia, asterixis 


2 Agitation, lethargy Asterixis, hyperreflexia Symmetric 
seizures slowing, 
triphasic 
waves 
3 Asleep, arousable by Hyperreflexia Triphasic 
pain, confused waves 
when aroused 
4 Unarousable Babinski, ankle Delta (very 


clonus, decerebrate slow) 
posture activity 


EEG, Electroencephalography. 
Based on Conn HO. Quantifying the severity of hepatic encephalopathy. In: Conn HO, Bircher 
d, editors. Hepatic encephalopathy: syndromes and therapies. Medi-Ed Press, 1994. 


WAGE J Proposed Mechanisms Underlying Hepatic 
“AE Encephalopathy in Acute Liver Failure 


e Circulating neurotoxins: 
Ammonia 
Gut-derived false neurotransmitters (e.g., octopamine) 
GABA 
Endogenous GABA receptor agonists 
Miscellaneous: mercaptans, fatty acids, others 
Amino acid imbalance (aromatic vs. branched chain) 
e Altered neurotransmission in brain: 

e Activation of GABA receptor complex (inhibitory) 

e Depletion of glutamate (excitatory) 
e Altered cerebral energy homeostasis 


GABA, y-Aminobenzoic acid. 
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The accumulation of putative neurotoxins within the brain 
of patients with ALF causes encephalopathy by two interrelated 
mechanisms: altered brain metabolism and altered neurotransmis- 
sion. Although early studies supported a role for altered brain 
energy homeostasis in the encephalopathy of ALF, more recent 
studies provide conflicting data; thus altered energy homeosta- 
sis may be a terminal rather than a primary mechanism. The 
two neurotransmitter systems that appear to be most adversely 
affected in ALF are the y-aminobutyric acid (GABA) and the 
glutamatergic systems. The GABA receptor complex serves as 
the site of action of benzodiazepines and inhibits neurotransmis- 
sion. Increased levels of circulating endogenous ligands for GABA 
receptors have been detected in patients with ALF, and ammonia 
increases the affinity of such ligands for this receptor. Decreased 
turnover of GABA in the brain may also contribute to the increase 
in GABAergic tone in the brain. In contrast to the increased tone 
of the inhibitory GABA system, intracellular concentrations of 
glutamate, the major excitatory neurotransmitter of the mamma- 
lian brain, are decreased in ALE*®''* Diminished glutamate con- 
centrations probably result from increased consumption rather 
than decreased production because glutamate is used to detoxify 
ammonia within astrocytes (see Fig. 20-7). 


Intracranial Hypertension 
and Cerebral Edema 


The adult cranium is a rigid compartment with low compliance. 
Increased blood volume (cerebral hyperemia), decreased elevation 
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e Fig. 20-7 Relationship of ammonia to hepatic encephalopathy in 
acute liver failure. A cartoon demonstrating the relationship between 
arterial ammonia levels and glutamatergic neurotransmission in cerebral 
neurons and astrocytes in the genesis of hepatic encephalopathy. AMPA, 
a-Amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor; cap., 
capillary; CSF, cerebrospinal fluid; GLAST, glutamate transporter; GLNase, 
glutaminase; GLT-7, glutamate transporter 1; KA, Kainate receptor; M, 
metabotropic receptors; NMDA, N-methyl-D-aspartate receptor. (From 
Butterworth RF. Hepatic encephalopathy: disorder of multiple neurotrans- 
mitter systems. In: Record C, Mardini H, editors. Advances in hepatic 
encephalopathy and metabolism in liver disease. Newcastle upon Tyne, 
United Kingdom: Ipswich, 1997.) 
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e Fig. 20-8 Astrocyte swelling in the pathogenesis of cerebral edema in acute liver failure: mecha- 
nisms of cell swelling and compensation. Intracerebral concentrations of ammonia are detoxified by the 
amidation of glutamate to glutamine, a reaction catalyzed by glutamine synthetase. Glutamine, an osmoti- 
cally active solute, increases astrocyte cell volume, which may be attenuated by two mechanisms: export- 
ing ions (minor pathway) or exporting organic osmolytes (major pathway). 


of cerebrospinal fluid levels, and cerebral swelling (edema) quickly 
result in intracranial hypertension. ALF results in compromised 
autoregulation, the normal response of cerebral blood flow to 
remain constant during variation in MAP. Furthermore, regional 
variation in blood flow results in hyperperfusion of some areas 
and hypoperfusion of others, resulting in cerebral ischemia.''” 
Initially, intracranial hypertension results from severe hyperemia, 
which gives way to osmotic swelling of cortical astrocytes and 
cerebral edema. Swelling of astrocytes accounts for most of the 
increase in cerebral volume not only because they are quantita- 
tively one of the major cell types in the brain but also because 
they regulate brain volume as the principal component of the 
blood-brain barrier. Astrocyte swelling results from an increase in 
intracellular osmolarity (cytotoxic edema), which ensues with the 
accumulation of glutamine, in turn derived by the addition of 
ammonia to glutamate via glutamine synthetase.''®''’ Neurons 
normally adapt to increased intracellular osmolarity and cell 
volume by increasing export of inorganic ions and endogenous 
organic osmolytes such as myo-inositol (Fig. 20-8).''* The com- 
pensation for accumulating glutamine by exporting endogenous 
osmolytes from astrocytes also explains why patients with hyper- 
acute liver failure frequently develop cerebral edema, whereas 
those with subacute liver failure are relatively protected: patients 
with the former condition appear not to have time for compensa- 
tion to occur." 


Management of Acute Liver Failure 


General Management 


Initial Evaluation and Triage 


Every patient with acute hepatocellular necrosis can potentially 
progress to ALF, Once a patients mental status begins to dete- 
riorate, one may lose the opportunity to obtain vital information 
that could guide management, including the administration of 
life-saving antidotes (Table 20-15). Therefore, on initial contact 
with a medical team, a careful drug ingestion history should 
be obtained and should include prescription medications, herbal 
remedies, over-the-counter medications, and recreational drugs. 
Confounding conditions, such as alcohol use, malnutrition, and 
drug-drug interactions, must be considered. Although by defi- 
nition ALF occurs in a patient with a previously normal liver, 
chronic liver disease may manifest itself initially as acute liver 


necrosis, including autoimmune hepatitis, Wilson disease, and in 
patients with underlying chronic liver disease who experience viral 
superinfections. Therefore the medical history should also include 
a search for signs, symptoms, and risk factors for chronic liver 
diseases. A travel history should be obtained because exposure to 
certain exotic causes of ALF may otherwise be overlooked. Finally, 
a detailed psychiatric history may provide clues about a possible 
surreptitious ingestion of hepatotoxins, particularly APAP. 

Initial laboratory studies should include tests to assess the 
degree of physiologic dysfunction, risk of death, and potential 
need for liver transplantation. Patients in whom the initial pro- 
thrombin time is prolonged by more than 4 seconds to 5 seconds 
should be admitted to the hospital for observation; the clinician 
should not be lulled into a false sense of security by a normal 
mental status in the presence of significant coagulopathy. Further- 
more, patients with altered mental status, hemodynamic compro- 
mise, renal insufficiency, decreased oxygenation, acidosis, or 
hypoglycemia should be admitted to an intensive care facility, and 
the patient should be discussed with the nearest liver transplant 
center. 

Whether to proceed with liver transplant evaluation remains 
perhaps the most important decision in the initial evaluation of 
a patient with ALE.” Patients with Grade 2 or higher encepha- 
lopathy should be evaluated unless contraindications exist. In 
patients with lesser degrees of encephalopathy, profound coagu- 
lopathy (prothrombin time >50 seconds) or acidosis (pH < 7.3) 
should also lead to early consideration for listing for transplant. 
Older patients, patients with idiosyncratic drug-induced ALF and 
patients with a subacute presentation should be evaluated rela- 
tively early in the course of ALF in consideration of their poor 
prognosis for spontaneous recovery. 


Therapies for Liver Injury 

N-Acetylcysteine for Acetaminophen Overdose 

The use of an antidote may decrease hepatic injury and reverse 
ALF in specific circumstances. NAC remains the treatment of 
choice for APAP overdose (Table 20-16), and in theory may 
protect the liver from other toxins that cause hepatotoxicity by 
generating free radicals, such as carbon tetrachloride or trichlor- 
ethylene.'’°'*' The administration of NAC for APAP overdose 
replenishes glutathione, thereby detoxifying NAPQI.'” In addi- 
tion, NAC improves oxygen delivery and consumption in ALE” 
On presentation the risk of APAP hepatotoxicity in an individual 


TABLE eae z . . 
Ae Initial Evaluation of Acute Liver Failure 


History Physical Examination 
Medications Vital signs 

Recreational drugs Size of liver 

Prodrome Mental status 


Travel history 
Alcohol consumption 
Medical history, including psychiatric 


Rash/oropharyngeal lesions 
(herpes simplex virus) 
Stigmata of chronic liver 


Nutrition supplements disease 
Mushrooms 

Pregnancy 

Serology 1,4 


Hepatitis A (with IgM if screen positive) 

Hepatitis B surface antigen and antibody, core antibody 
(with IgM if positive) 

Hepatitis C antibody and quantitative RNA PCR 

Hepatitis D (if positive for hepatitis B surface antigen) 

EBV (and EBV quantitative DNA PCR with high index of 
suspicion) 

CMV (and CMV DNA PCR if high index of suspicion) 

Herpes simplex virus 

Antinuclear antibody 

Anti-smooth muscle antibody 

HIV antibody 


White Blood Cell Count With Differential, 
Hemoglobin, Platelet Count 


Chemistry 


Total and direct bilirubin, alkaline phosphatase, y-glutamyl 1, 2, 4 
transpeptidase, AST, ALT 
Albumin 1 
Alkaline phosphatase il 
Electrolytes, including sodium, potassium, chloride, total 3 
CO., phosphorus, calcium, magnesium 
Blood urea nitrogen, creatinine i 
Plasma osmolality 3 
Ceruloplasmin and serum copper 1 
Lactate (arterial) 2 
Ammonia (arterial) 2 
1 
2 
2 
2 


2,3,4 


B-hCG (females of childbearing potential) 
at-Fetoprotein 

Arterial Blood Gas for pH 
Coagulation 


PT/INR, PTT 
Factors V and VII 
Thromboelastogram 


Blood Type and Cross 

Urine Studies 

Urinalysis 

Urine sodium and creatinine to calculate fractional 


excretion of sodium 
24-hr urine collection for copper il 


NN 


Microbiology 
Blood and urine cultures 2 
Imaging 


Chest X-ray 2 
Doppler ultrasonography of liver ie 
Echocardiogram 


1, Identify cause; 2, assess severity; 3, identify complications; 4, required for orthotopic liver 
transplantation; AL7, alanine transaminase, AST, aspartate transaminase; CMV, cytomegalovirus; 
EBV, Epstein-Barr virus; hCG, human chorionic gonadotropin; /NR, international normalized ratio; 
PCR, polymerase chain reaction; PT, prothrombin time; PTT, partial thromboplastin time. 
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TABLE š . 
ei General Management of Acute Liver Failure 


e Administration of cause-specific therapy: 
Acetaminophen: NAC 
Amanita: NAC, penicillin and silibinin? 
Carbon tetrachloride: NAC 
Herpes simplex: acyclovir 
Hepatitis B: lamivudine? 
Lassa fever, yellow fever: ribavirin 
Autoimmune hepatitis: steroids? 
Wilson disease: high-dose penicillamine; plasmapheresis 
Leptospirosis (Weil disease): penicillin or doxycycline 
e Fluid and electrolyte disturbances requiring management: 
e Hyponatremia 
e Hypokalemia and hyperkalemia 
e Hypocalcemia and hypomagnesemia 
e Hypo-osmolarity 
e Acid-base disturbances requiring management: 
e Respiratory acidosis and severe respiratory alkalosis 
e Metabolic acidosis with increased anion gap 
e Nutrition: 
e Caloric goals: 35-40 kcal/kg/day 
e Protein: 40 g/day, titrate as necessary 


NAC, N-Acetylcysteine. 


can be estimated by a nomogram plot of the initial plasma APAP 
concentration versus the time after ingestion (Fig. 20:9). 
Patients with plots lying above an empirically derived treatment 
line have a high risk of hepatic necrosis and should definitely 
receive NAC. Below a zone of intermediate risk, a patient is 
unlikely to experience serious hepatotoxicity, and therefore does 
not require NAC. However, one must be aware of the potential 
pitfalls in the use of nomograms,” especially inaccurate assess- 
ment of the time since ingestion and the possibility of toxicity in 
individuals who accidentally ingest APAP over several days. It 
should also be obvious that the NAC nomogram is useful only in 
patients who present with normal alanine transaminase levels; any 
patient with an elevated alanine transaminase level and a history 
of APAP ingestion should receive NAC regardless of plasma APAP 
levels. In the future the determination of whether NAC should 
be administered may be made by detection of APAP-protein 
adducts, which have a longer half-life than APAP” 

The early administration of NAC (within 8 hours of the over- 
dose) minimizes hepatotoxicity regardless of the initial plasma 
concentration of APAP.'”!"'*° The time after which NAC admin- 
istration is no longer effective, however, remains controversial, 
with some studies documenting benefit of administration up to 
24 to 36 hours after ingestion. >! Conversely, the worst survival 
rates after ALF because of APAP overdose are observed in patients 
not given NAC at their referring hospital before transfer (Fig. 
20-10). On the basis of these observations, it has been recom- 
mended that NAC “be used whenever there is any doubt concern- 
ing the timing, dose ingested, or plasma concentration because 
the use of the antidote is much less hazardous than the conse- 
quences of withholding it.””* In the United States, NAC is usually 
administered orally at a loading dose of 140 mg/kg followed by 
70 mg/kg every 4 hours for a total of 17 doses. For patients who 
cannot tolerate oral administration, intravenous NAC administra- 
tion has recently been approved in the same doses for a total of 
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e Fig. 20-9 Nomogram depicting the risk of hepatotoxicity from acet- 
aminophen according to plasma acetaminophen concentration and 
time after ingestion. A standard treatment line for administration of 
N-acetylcysteine was derived empirically. Patients with plots above the 
standard treatment line have significant risk of hepatotoxicity and should 
receive N-acetylcysteine immediately; patients with plots below the line 
have a low risk of hepatotoxicity and do not require N-acetylcysteine. Such 
nomograms should be interpreted with caution, however (see the text). 
(From Makin A, Williams R. Acetaminophen-induced acute liver failure. In: 
Lee WM, Williams R, editors. Acute liver failure. 1st ed. Cambridge, United 
Kingdom: Cambridge University Press, 1997: 32-42.) 
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e Fig. 20-10 Survival of patients with acetaminophen overdose accord- 
ing to the time at which they received N-acetylcysteine. Note that the 
survival of patients receiving N-acetylcysteine (NAC) even more than 24 
hours after ingestion was significantly higher than that of patients who 
were not treated with NAC before transfer to the liver failure unit at King’s 
College Hospital (o < 0.0001). (From Makin Au, et al. A 7-year experience 
of severe acetaminophen-induced hepatotoxicity [1987-1993]. Gastroen- 
terology 1995;109:1907-1916.) 


48 hours.” NAC should be diluted 1:5 in 5% dextrose in a glass 
flask, and is equally effective." In contrast to oral administra- 
tion, intravenous NAC administration carries a small risk of aller- 
gic reaction, for which antihistamines are usually adequate therapy. 
The intravenous route is generally preferred in patients with 
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greater than Grade 1 hepatic encephalopathy, those intolerant of 
the putrid odor of the oral preparation, or those with ileus.'’' The 
full course of NAC therapy should not be discontinued prema- 
turely even after APAP levels have become undetectable; resolu- 
tion of encephalopathy and correction of the INR to less than 1.5 
have been advocated as criteria for discontinuation.’”' 


N-Acetylcysteine for Nonacetaminophen Acute Liver Failure 
From experience in patients with ALF because of APAP overdose, 
three trials of NAC in non-APAP ALF have recently been com- 
pleted, only one of which was randomized and placebo controlled. 
The U.S. Acute Liver Failure Study Group trial concluded that 
intravenously administered NAC improved spontaneous (non- 
transplanted) survival compared with a placebo, but only in 
patients with Grade 1 or Grade 2 hepatic encephalopathy.’ 
Suspected mushroom poisoning should be treated initially with 
ipecac and charcoal to decrease the Amanita toxin load if the 
ingestion has occurred recently (within 30 minutes to a few 
hours). NAC is also frequently advocated, although with scant 
supporting data. 


Other Cause-Specific Therapies 

A combination of penicillin (300,000 to 1,000,000 units/kg per 
day, or 250 mg/kg per day intravenously) and silibinin (20-50 mg/ 
kg per day intravenously) has been used as a specific antidote in 
those with evidence of liver injury due to Amanita poisoning.'**'** 
These agents are hypothesized to interrupt the enterohepatic cir- 
culation of toxins and also to compete at the hepatocyte mem- 
brane for transmembrane transport.’ Because of the rarity of this 
cause of ALF, the benefits of this regimen remain unproven. The 
use of corticosteroids for treatment of autoimmune ALF remains 
controversial but merits consideration in patients with early-stage 
hepatic encephalopathy.” Nucleoside/nucleotide analogue inhibi- 
tors of HBV replication were not found to improve outcome in 
a randomized placebo-controlled trial of severe acute hepatitis 
B.” The use of acyclovir for herpes simplex virus hepatitis must 
be considered early in the course of acute liver injury, even before 
virologic confirmation.” 


Management of Fluids, Electrolytes, 
and Acid-Base Abnormalities 


Fluid and electrolyte abnormalities occur frequently in patients 
with ALE Hyponatremia reflects free water excess and is often 
iatrogenic. Management requires isotonic intravenous fluid such 
as 0.9% saline (sodium 155 mmol/L) with or without dextrose. 
The target serum sodium concentration is 145 mmol/L to 
155 mmol/L, which has been associated with a reduced incidence 
of cerebral edema. Judicious use of hypertonic saline may facilitate 
correction of hyponatremia and has not been associated with 
pontine myelinolysis, in contrast to its use in patients with chronic 
liver failure and hyponatremia. Once renal failure sets in, severe 
hyponatremia is best treated in conjunction with renal replace- 
ment therapy. 

Hypokalemic alkalosis occurs early in the course of ALF, 
whereas hyperkalemic acidosis dominates the late stages. The 
former condition requires intravenous infusion of potassium, 
whereas the latter mandates hemodialysis. Hypophosphatemia 
also occurs frequently in patients with ALF, and may be precipi- 
tated by dextrose infusions and respiratory alkalosis, which drives 
phosphate to the intracellular compartment. Hypophosphatemia 


may contribute to a worsening mental status and respiratory 
failure, and should therefore be corrected by intravenous reple- 
tion. In the setting of renal failure and acidosis, the develop- 
ment of significant hyperphosphatemia requires renal replacement 
therapy. Hypocalcemia from repeated transfusions of citrated 
blood products may cause tetany or cardiac arrythmias.'”” Hypo- 
calcemia and hypomagnesemia may present concurrently and 
interfere with the correction of hypokalemia; these abnormalities 
should be corrected by intravenous replacement. 


Management of Nutrition 


ALF is a catabolic state characterized by negative nitrogen balance, 
muscle wasting, and aminoaciduria.'** Although the clinical value 
of nutritional support in ALF has not been carefully studied, 
protein-calorie malnutrition adversely affects the immune system, 
thereby increasing susceptibility to infections, and impairs wound 
healing, suggesting that repletion may decrease the risk of infec- 
tion and improve the outcome of liver transplantation, respec- 
tively. The enteral route is preferred for nutritional support in 
critically ill patients. Protein at approximately 40 g/day should be 
administered initially. and the dose should be modified on the 
basis of an assessment of the metabolic state." Many studies have 
suggested that decreased levels of branched-chain amino acids 
(BCAAs) contribute to hepatic encephalopathy, forming the basis 
for the administration of enteral or parenteral nutritional products 
supplemented with BCAAs. Although numerous studies have 
evaluated the utility of BCAAs as a treatment of hepatic encepha- 
lopathy in cirrhosis, the results remain inconclusive. Thus the 
routine use of BCAA-supplemented feeds or infusions in the 
management of ALF cannot be advocated. The initial caloric goal 
for the patient with ALF is approximately 35 kcal/day to 40 kcal/ 
day, preferably by the enteral route.’ Patients with volume over- 
load may meet their caloric needs by the administration of lipid 
emulsions, which may be used safely in patients with ALE Hypo- 
glycemia is a common and potentially fatal complication of ALF, 
and blood glucose should be monitored at 2-hour to 3-hour 
intervals by finger stick, and 10% dextrose should be infused to 
maintain levels greater than 80 mg/dL. 


Prevention and Management of Specific 
Complications of Acute Liver Failure 


Bleeding 

Patients with mild to moderate coagulopathy and absence of 
bleeding do not require specific intervention.” The administra- 
tion of vitamin K will ensure that deficiency does not contrib- 
ute to the bleeding diathesis. The use of fresh frozen plasma in 
patients with severe, but asymptomatic, coagulopathy remains 
controversial and is usually discouraged because few data docu- 
ment efficacy in bleeding prevention, overzealous infusion of fresh 
frozen plasma may result in volume overload, a small but definite 
risk of transfusion-related acute lung injury exists, and the prac- 
tice obscures important prognostic information regarding trends 
in the prothrombin time.’ A more common clinical situation 
involves the patient with ALF who requires an invasive proce- 
dure, such as the placement of a central venous catheter or ICP 
monitor. Guidelines for correction of the INR and platelet counts 
to minimize bleeding risk before procedures have not been devel- 
oped, although goals of 1.5 and 50,000/mm° respectively have 
been advocated by consensus but not supported by robust clinical 
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evidence.'* Disseminated intravascular coagulation usually does 
not require specific intervention unless it is severe and accompa- 
nied by bleeding'®’; limited studies have shown that heparin may 
be used to treat disseminated intravascular coagulation in patients 
with ALE, but the potential bleeding risks limit enthusiasm for 
this treatment. Gastrointestinal bleeding in a patient with ALF 
usually results from superficial gastric erosions and stress ulcers, 
which should be prophylaxed by the use of H, receptor antago- 
nists or proton pump inhibitors. 


Cardiovascular Derangements 


ALF dramatically alters systemic hemodynamics, with the primary 
hemodynamic abnormality being systemic arterial vasodilation 
due to reduced precapillary sphincter tone, similarly to sepsis. 
Volume status in a hypotensive patient with ALF can be difficult 
to assess. A normal saline challenge guided by changes in CVP 
should be administered before vasopressors are considered. In 
hypotensive patients who do not respond to volume resuscitation, 
vasopressors should be titrated to achieve a MAP of greater than 
75 mm Hg and cerebral perfusion pressure (CPP) of 60 mm Hg 
to 80 mm Hg. Patients with liver disease manifest less vasocon- 
striction in response to O.-adrenergic agents.“ Although dopa- 
mine and norepinephrine increase hepatic blood flow in parallel 
with cardiac output, the latter may be associated with fewer 
B-adrenergic-mediated side effects such as tachycardia for the 
same vasopressor response, and is often preferred. Dobutamine 
may be considered if left ventricular dysfunction is severe, but 
may increase arterial vasodilation and worsen hypotension. Vaso- 
pressin and its analogues potentiate the vasoconstricting effect of 
norepinephrine, allowing reduction in the infusion rate of norepi- 
nephrine, but controversy about its potential to increase ICP in 
patients with ALF relegates it to a secondary role.'“’ Persistently 
hypotensive patients with ALF despite use of vasopressors should 
be evaluated for adrenal insufficiency, which occurs frequently in 
patients with ALF and correlates with the severity of illness.“ 

If cardiac filling pressures are optimized, norepinephrine is 
titrated to a MAP to keep CPP greater than 60 mm Hg. In 
patients without an ICP monitor, an ICP of 20 mm Hg can be 
assumed, mandating a target MAP of greater than 80 mm Hg. In 
the face of escalating norepinephrine requirements, or if side 
effects such as arrhythmias develop, vasopressin at a fixed dosage 
of 0.04 units per minute can be added to permit downward titra- 
tion of norepinephrine. Adrenal insufficiency is corrected with 
stress-dose hydrocortisone (200 mg/day to 300 mg/day in divided 
doses). 


Pulmonary Complications and Ventilatory Support 

A major decision in the treatment of a patient with ALF is the 
timing of endotracheal intubation. The indications for intubation 
include airway protection, provision of respiratory support, and 
management of intracranial hypertension. A less quantifiable indi- 
cation is extreme agitation, which risks exacerbating intracranial 
hypertension. The airway should be secured by endotracheal intu- 
bation after Grade 3 encephalopathy has been reached. A rapid 
sequence technique of intubation should be used, with atten- 
tion paid to avoiding exacerbation of intracranial hypertension or 
cerebral underperfusion, including preoxygenation, prevention of 
hypercapnia, and avoidance of hypotension. For neuromuscular 
blockade, the nondepolarizing agent cisatracurium may be pref- 
erable to the depolarizing agent succinylcholine, which causes 
muscle contraction, which in turn increases ICP. Metabolism of 
cisatracurium (by Hoffman elimination) is also independent of 
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renal and hepatic function, and permits neurologic reassessment 
40 minutes to 60 minutes after the bolus. Initial ventilator set- 
tings should be selected to achieve a constant minute ventilation 
while minimizing lung trauma with low tidal volume ventilation 
(6 mL/kg, ideal body weight). The arterial carbon dioxide tension 
(PacO,) is an important determinant of ICP in patients with 
ALE" and an initial Paco, goal of 35 mm Hg after intubation 
allows subsequent hyperventilation to address transient spikes in 
ICP without compromising cerebral blood flow.“ Paco, can 
later be titrated to ICP by adjustment of minute ventilation 
after placement of an ICP monitor. Acute lung injury and acute 
respiratory distress syndrome occur in approximately one third of 
patients with ALF and can contribute to death. The development 
of acute lung injury and acute respiratory distress syndrome may 
result in increased dead space and a rising PaCO,, which leads 
to cerebral vasodilation and increased ICP. The temptation to 
lower Paco, by increasing tidal volume should be resisted because 
the consequences of worsening lung injury outweigh the poten- 
tial of hypercapnia to increase ICP. The hypoxemia that results 
from acute lung injury and acute respiratory distress syndrome 
should be managed with recruitment (a transient increase in mean 
airway pressure to expand atelectatic lung) and positive end- 
expiratory pressure titrated to optimize compliance and minimize 
the decrease in venous return and cardiac output. 


Prevention and Management of Infection 


Sepsis remains one of the major causes of death in patients with 
ALF because of its frequency and subtle clinical presentation (Fig. 
20-11). Bacteremia has been identified in up to 50% to 80% of 
patients with ALE, usually within the first few days after onset of 
ALE!” Compared with other patients undergoing OLT, 
patients with ALF are particularly vulnerable to bacterial infec- 
tions.“ The most common infections in patients with ALF are 
pneumonia, followed by systemic bacteremia and urinary tract 
infections (Fig. 20-12). Of these, pneumonia accounts for half the 
cases of infection and is almost invariably accompanied by chest 
X-ray abnormalities. 

Prevention of infection is thus an important objective of the 
medical management of ALF, and general guidelines to avoid 
nosocomial transmission of organisms should be strictly enforced 
(Fig. 20-13). Whether potentially infectious colonizing microbes 
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e Fig. 20-11 Clinical indicators of infection in patients with acute liver 
failure. /V, Intravenous. (From Rolando N, et al. Management of infection 
in acute liver failure. In: Lee WM, Williams R, editors. Acute liver failure. 
Cambridge, United Kingdom: Cambridge University Press, 1997: 
158-171.) 
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should be monitored remains more controversial. Some authori- 
ties advocate the obtaining of daily blood and urine cultures espe- 
cially early in the course of ALF to obtain antibiotic sensitivities in 
case of future infection.'**'” In a large, retrospective, controlled 
study of 1551 ALF patients from the U.S. Acute Liver Failure 
Study Group registry, 600 patients (39%) received prophylactic 
antibiotics and 951 did not.’ Antimicrobial prophylaxis did not 
reduce the incidence of bloodstream infection or mortality within 
21 days of ALF. Given that the findings of controlled studies are 
inconclusive, consensus recommends antimicrobial prophylaxis 
(extended-spectrum ß-lactam agent) in the presence of multi- 
organ dysfunction, high-grade coma, or AKI or in the setting 
of listing for liver transplantation, and antifungals if patients 
become/remain septic after 5 days in the intensive care unit. 

Once infection is suspected or documented, antibiotic cover- 
age should be empirically administered according to the results of 
surveillance cultures, or in their absence, adjustments should be 
made after definitive identification of the organism and its anti- 
biotic sensitivities. Fungal infections should be suspected in 
patients with high temperature unresponsive to antibiotics, pro- 
found leukocytosis, and acute renal failure. In such cases, ampho- 
tericin, fluconazole, or caspofungin should be administered. 
Granulocyte colony-stimulating factor has also been advocated to 
improve neutrophil function in patients with ALF.’ 


Management of Acute Kidney Injury 

The development of AKI is a marker of poor prognosis and greatly 
complicates fluid and electrolyte, hemodynamic, and ventilator 
management of the patient with ALF. The management of AKI 
depends on the underlying cause (see Table 20-10). Once oliguria 
develops, continuous renal replacement therapy (CRRT) should 
be considered. Hemofiltration techniques minimize hypotension, 
rapid fluid shifts, and plasma osmolality changes, and thereby 
decrease the risk of cerebral edema as compared with intermittent 
hemodialysis." Plasma osmolarity should be assessed before the 
institution of CRRT because a rapid drop in plasma urea levels 
may exacerbate cerebral edema in a patient with low osmolality 
before CRRT. Such patients may be managed with mannitol infu- 
sions to raise serum osmolarity before institution of CRRT. 
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e Fig. 20-12 Sites of infection in patients with acute liver failure. /V, 
Intravenous. (From Rolando N, et al. Management of infection in acute 
liver failure. In: Lee WM, Williams R, editors. Acute liver failure. Cambridge, 
United Kingdom: Cambridge University Press, 1997: 158-171.) 
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Admission to liver failure intensive care unit 


Microbiology from referral hospital 


at ae 
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Commence MRSA 
MRSA eradication therapy 


Candida, 
enterococci, 
coliforms, 
Pseudomonas 


Assess patient for 
active infection 


Clinical deterioration/suspected sepsis a] 


Vv 


Perform cultures 


Cover pathogenic 
organism 


Previous 
colonization 


Adjust therapy 


Significant 
cultures 


Commence amphotericin B 
and imipenem + vancomycin 
or ciprofloxacin + amoxycillin 


Unknown 


Stop antibiotics 


Commence amphotericin B IV | 


Continue antibiotics x 5 days 
Antifungals for 21 days 


<= Change prophylactic antibiotics 
e.g. ciprofloxacin + amoxycillin 


imipenem + Van if MRSA (+) 
ceftazidime + flucloxacillin 


e Fig. 20-13 Algorithm for the prevention and treatment of infection in patients with acute liver failure. 
IV, Intravenous, intravenously; MRSA, methicillin-resistant Staphylococcus aureus; NG, nasogastric; OLT, 
orthotopic liver transplantation; Van, vancomycin. (From Rolando N, et al. Management of infection in 
acute liver failure. In: Lee WM, Williams R, editors. Acute liver failure. Cambridge, United Kingdom: Cam- 


bridge University Press, 1997: 158-171.) 


Multiorgan System Failure 


The microcirculatory disturbances associated with ALF lead 
to MOSF, which is characterized by noncardiogenic pulmo- 
nary edema, AKI, gastrointestinal bleeding, ileus, and acidosis. 
Although sepsis usually precipitates this chain of events, a SIRS 
commonly develops even in the absence of infection. In a retro- 
spective analysis of 887 patients with ALF,” 40% of individuals 
without sepsis developed SIRS and MOSE The development of 


SIRS and MOSF portend worsening intracranial hypertension 
and death. 


Hepatic Encephalopathy, Cerebral Edema, 

and Intracranial Hypertension 

Hepatic encephalopathy occurs in the presence or absence of 
cerebral edema (Table 20-17), and often cannot be clinically 
distinguished even in some patients with marked elevations in 
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WAJE Management of Cerebral Edema 
PVA in Acute Liver Failure 

e Methods to modulate cerebral blood flow: 
e Elevate head of bed by 20-30 degrees 
e Correct volume overload 
e Maintain MAP at ~50-60 mm Hg 
e Hyperventilate to keep PCO, at 35-40 mm Hg 

e Correct factors that increase ICP: 
e Minimize head turning 
e Avoid bilateral internal jugular vein cannulation 
e Optimize PEEP 
e intratracheal lidocaine before respiratory suctioning 
e Treat agitation with intubation and sedation (propofol); paralyze 

if necessary 

e Treat hypotension 
e Monitor for and treat seizures 
e Correct hypoxemia 

e Direct measures: 
e Correct hypo-osmolarity 
e Mannitol (0.5-1 g/kg body weight IV bolus) 
e Induce hypernatremia to a sodium concentration of 

150-155 mmol/L 

e Liver transplantation 

e Desperate measures: 
e Hypothermia 
e Indomethacin 
e Total hepatectomy 


ICP Intracranial pressure; /V intravenous; MAP mean arterial pressure; PCOz, carbon dioxide 
tension; PEEP positive end-expiratory pressure. 


ICP? Complete neurologic recovery usually follows normaliza- 
tion of liver function whether spontaneous or following liver 
transplantation. However, severe cerebral ischemia, which results 
from cerebral edema, intracranial hypertension, or arterial hypo- 
tension with hypoperfusion may result in permanent neurologic 
disability. The goals of treating intracranial hypertension are there- 
fore to not only prevent herniation but also to optimize neuro- 
logic recovery. Risk factors for developing cerebral edema in 
patients with ALF include hyperacute compared with subacute 
liver failure, serum ammonia concentrations greater than 
150 Umol/L to 200 Umol/L, and high-grade hepatic encepha- 
lopathy (Grade 3 or Grade 4), although the relationship between 
ammonia concentration and ICP is not linear." The need for 
vasopressors and renal replacement therapy and the presence of 
infection and/or SIRS also predict the progression of hepatic 
encephalopathy and cerebral edema.””'”’ 

Intracranial hypertension results initially from cerebral hyper- 
emia and subsequently from cerebral edema. Monitoring cerebral 
blood flow, oxygen consumption, and ICP offers the potential for 
optimizing perioperative medical management. However, nonin- 
vasive measures are inadequate as specialized techniques may not 
be widely available. CT is insensitive to intracranial hypertension 
and demonstrates cerebral edema relatively late in the patient’s 
course. 

ICP monitoring provides additional data to guide manage- 
ment. However, it remains unclear whether the risks of the pro- 
cedure are outweighed by improved patient survival overall." 
Cerebral hypoperfusion suggested by prolonged (>2 hours) intra- 
cranial hypertension (ICP >25 mm Hg) or a low CPP (cerebral 
perfusion pressure = MAP minus ICP <40 mm Hg) portends 
a poor neurologic recovery and may contraindicate OLT.” 


Clinical Consequences of Chronic Liver Disease 


Certainly interventions are more frequent in patients with ICP 
monitors than in patients without ICP monitors. There is a 5% 
risk of clinically significant intracranial hemorrhage, '”° which 
varies in direct proportion to the invasiveness and reliability of 
the monitor. Furthermore, clinical end points are not standardized 
and management is not protocolized. 

The medical management of intracranial hypertension requires 
optimization of cardiorespiratory parameters as detailed above, 
including intubation of the airway with progression to Grade 3 or 
Grade 4 encephalopathy. Hepatic encephalopathy with hyperam- 
monemia can be treated with bowel cleansing by lactulose or saline 
enema," and nonabsorbable antibiotics (rifaximin). Lactulose 
administered orally or via a gastric or jejunal tube is problematic 
because it may result in gaseous distention of the bowel, which 
complicates transplant surgery. Simple measures should be under- 
taken to prevent unnecessary ICP increases. These include neutral 
position of the head with the patient elevated at 30 degrees and 
avoidance of bilateral jugular venous cannulation. Spontaneous 
hyperventilation with resulting hypocapnia may be protective by 
promoting cerebral vasoconstriction, controlling hyperemia, and 
decreasing ICP. Fever should be vigorously treated. Spontaneous 
hypothermia, which commonly accompanies ALF, reduces intra- 
cranial hypertension and restores cerebral autoregulation, and 
should not be corrected. Serum sodium concentration should be 
maintained between 145 mmol/L and 155 mmol/L (see below). 

The development of intracranial hypertension despite these pro- 
phylactic maneuvers should prompt urgent treatment. First-line 
therapy includes increasing blood osmolality with mannitol boluses 
(0.5 to 1 g/kg body weight), which draws water from swollen 
astrocytes back into the intravascular space. It should be appreci- 
ated, however, that the effectiveness of mannitol in treating cerebral 
edema in patients with ALF is based on experience in only a few 
patients in nonrandomized studies. °” "8 Furthermore, mannitol is 
ineffective in returning ICP to an acceptably low level (<25 mm Hg) 
in individuals with severe intracranial hypertension (>40 mm Hg 
to 60 mm Hg), and initial improvements in ICP usually wane, 
necessitating multiple doses, which can result in hyperosmolal- 
ity (>320 mOsm/L). Mannitol will transiently expand circulating 
blood volume and increase CVP, as well as ICP. In patients with 
renal failure this may result in a paradoxical increase in ICP. Ultra- 
filtration with CRRT can be increased to maintain intravascular 
volume and prevent increased CVP. Ultimately, mannitol adminis- 
tration may bridge a patient with ALF to OLT but does not provide 
definitive therapy. Similarly to other conditions characterized by 
cerebral edema, hypertonic saline boluses have been advocated for 
established cerebral edema in patients with ALE” although no 
studies yet have examined the efficacy of this practice. However, 
in ALF patients with normal ICP, the induction of prophylactic 
hypernatremia with hypertonic saline (serum sodium concen- 
tration 145 mEq/L to 155 mEq/L) effectively prevented the 
development of intracranial hypertension compared with nor- 
monatremia (135 mEq/L to 145 mEq/L). During transplant 
surgery, patients in whom ICP had been adequately controlled 
with mannitol and/or hypertonic saline are still susceptible to 
cerebral herniation during dissection of the native liver or reper- 
fusion of the implanted graft; this risk persists through the early 
postoperative period. Consequently, monitoring of cerebral hemo- 
dynamics, including ICB'*' should be continued until allograft 
function stabilizes. Patients should be weaned off therapeutic 
measures for intracranial hypertension slowly to prevent rebound. 

Patients with ALF who break through osmotic therapy for 
intracranial hypertension usually succumb to brainstem herniation 


if OLT does not immediately follow. Desperate measures con- 
sidered under these conditions include the induction of deeper 
sedation with propofol’ or barbiturates,'® intravenous boluses 
of indomethacin, and therapeutic hypothermia. Of these, only 
hypothermia has been studied systematically, albeit in a small 
number of patients and not in a randomized fashion compared 
with normothermia." Therapeutic hypothermia (core tempera- 
ture 32° C to 35° C) in patients with intracranial hypertension 
refractory to medical therapy potentially may lower ICP, restores 
autoregulation of cerebrovascular blood flow, and bridges patients 
with ALF to OLT. However, in a retrospective analysis of the U.S. 
Acute Liver Failure Study Group registry, 97 patients in whom 
therapeutic hypothermia was induced were compared with 1135 
controls. Therapeutic hypothermia was not associated with consis- 
tent improvement in 21-day survival, with the possible exception 
of that in young (<26 years) patients with APAP-induced ALE” 

Seizure activity in patients with ALF increase cerebral blood 
flow and ICP, resulting in cerebral edema; if they are unremitting 
(status epilepticus), seizures exacerbate neuronal damage. In 
patients with ALF, seizures are often nonconvulsive and can be 
detected only by electroencephalography. Prophylaxis with phe- 
nytoin has been studied in two randomized controlled cohorts 
with ALF and high-grade hepatic encephalopathy.'°°'®’ Unfortu- 
nately, the studies came to different conclusions regarding the 
efficacy of phenytoin in preventing seizures ad cerebral edema or 
improving outcome. 


Methods to Protect the Liver From Injury 
and Promote Liver Regeneration 


A successful outcome of ALF depends on both cessation of liver 
injury and regeneration of the injured liver, the holy grail in the 
management of ALF. Although numerous possible modalities 
have been used to achieve these objectives, all have failed to dem- 
onstrate consistent benefit. These include infusions of insulin and 
glucagon, corticosteroids, human cross-circulation, extracorporeal 
liver perfusion, exchange transfusions, prostaglandin infusion, 
and extracorporeal liver support (charcoal hemoperfusion, the 
molecular adsorbent recirculating system MARS, fractionated 
plasma separation and adsorption). High-volume plasmapher- 
esis improved cerebral hemodynamics and was associated with a 
favorable spontaneous survival rate in patients with ALF.’ 
Although the FULMAR study, which evaluated MARS in ALE 
yielded overall negative results, there were possible benefits in the 
subset of patients with ALF due to APAP hepatotoxicity.’ 


Orthotopic Liver Transplantation 

Liver transplantation remains the definitive treatment for patients 
with severe ALF, and clearly improves both short-term and long- 
term survival in patients with Grade 3 or Grade 4 encephalopathy, 
especially in patients with non—APAP-induced ALE.'” Because 
ALF due to APAP overdose usually resolves spontaneously with the 
early administration of NAC and with meticulous intensive care 
unit care, only approximately 10% of affected individuals undergo 
OLT for this indication in the United States compared with 30% 
to 50% with ALF from other causes.'”' In addition, patients with 
ALF due to APAP often have psychosocial barriers to OLT, such 
as substance abuse and a history of suicidal behavior. However, 
those that do go on to receive an OLT have outcomes similar 
to those of non-APAP ALF and cirrhotic patients.” Overall, 
approximately 5% of OLTs performed in the United States are for 
ALE, and 25% to 30% of all patients with ALF undergo OLT.” 
The success of liver transplantation mandates that patients with 
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ALF be transported to a transplant center whenever feasible. The 
challenge remains to identify patients with a high risk of death 
with medical management and a high probability of survival 
with transplant (see the section entitled “Assessment of Prognosis: 
When to Initiate Orthotopic Liver Transplantation Evaluation”). 
It is equally important to decide when not to proceed with liver 
transplantation. Patients with a poor prognosis for neurologic 
recovery, such as those with a sustained increase in ICP greater 
than 40 mm Hg or a decrease in CPP less than 40 mm Hg, may 
not benefit from liver transplantation even if it is technically suc- 
cessful. The presence of septicemia or advanced multiorgan failure 
is also a contraindication to liver transplantation. 

Patients with ALF listed for OLT in the United States receive 
priority above all patients with cirrhosis according to the rules of 
the United Network for Organ Sharing, so-called status 1A prior- 
ity.* Status 1A criteria include a life expectancy without transplant 
of less than 7 days, onset of encephalopathy within 8 weeks of 
the first symptom of liver injury, care within an intensive care 
unit, and absence of preexisting liver disease. Objective criteria 
include being at least 18 years old, and at least one of the follow- 
ing: ventilator dependence, receiving renal replacement therapy, 
or INR greater than 2.0. Listing a patient with status 1A also 
broadens the geographic area from which a liver may originate, 
such that waiting times are typically short (mean of approximately 
2 days to 4 days).'°* Nevertheless, patients listed with status 1A 
have extremely high death rates on the liver transplant waiting list 
compared with patients with cirrhosis. 

The challenges in performing transplants in patients with ALF 
differ markedly from those in patients with cirrhosis. In the rela- 
tive absence of portal hypertension, bleeding rarely poses a major 
problem despite abnormal coagulation parameters, and the pre- 
operative degree of coagulopathy does not predict post-OLT 
outcome.'” Patients with ALF who die after OLT usually succumb 
to MOSE but in a significant fraction herniation occurs intraop- 
eratively or within the first 24 hours after transplant. Not surpris- 
ingly, the primary cause of graft loss after OLT for ALF is patient 
death, but primary nonfunction seems much more common in 
this population than in patients who undergo transplant for cir- 
thosis.'’* Long-term patient survival after OLT for ALF is gener- 
ally lower than that for patients who undergo transplant for 
cirrhosis, but remains favorable (70% to 75% at 3 years). In 
contrast to patients with cirrhosis, most of the deaths occur within 
the first month after transplant, reflecting the severity of the acute 
liver injury. 

Many liver transplant centers have reported average survival 
after transplant for ALF of approximately 65%, which compares 
favorably with medical management.'””'””'”’ In one of the largest 
studies” a number of static and dynamic variables were evalu- 
ated as predictors of outcome after liver transplantation in 100 
patients with ALF. In patients with ALF unrelated to APAP 
(n= 79), the cause was an important predictor of survival. Of the 
dynamic variables, an elevated serum creatinine level predicted 
poor outcome, as did Grade 3 or Grade 4 encephalopathy (80% 
survival for those with Grade 1 or Grade 2 vs. 56% for those with 
Grade 3 or Grade 4). Survival after liver transplantation is also 
adversely influenced by the use of suboptimal organs (fatty liver, 
ABO-incompatible liver).'”° The outcome of liver transplantation 
in children is similar to that in adults.°' Although experience 
worldwide with adult-to-adult living donor liver transplantation is 


*Policy 3.6 available at https://www.unos.org/. 
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limited, the procedure has been used occasionally in patients with 
ALE, and outcomes are similar to those from the use of deceased- 
donor grafts.” The major hindrance to its widespread use in 
ALF, however, will likely remain the amount of time required 
to evaluate a potential donor, which often requires several days. 
Auxiliary liver transplantation, in which a donor liver (whole 
or partial) is heterotopically implanted below the native liver to 
provide support while regeneration of the native liver occurs, 
has also been explored in patients with ALF.'*’ Withdrawal of 
immunosuppression after regeneration of the native liver causes 
rejection and atrophy of the donated liver, and obviates the need 
for long-term immunosuppression. 


Assessment of Prognosis: When to Initiate Orthotopic 
Liver Transplantation Evaluation 


Patients with ALF have one of three outcomes: spontaneous 
recovery, liver transplantation, or death. As of October 2015, the 
USS. Acute Liver Failure Study Group registry of more than 2200 
patients recorded that approximately 43% spontaneously recov- 
ered, 24% underwent liver transplantation (of whom 14% died), 
and 33% died without transplant. The overall survival, with or 
without liver transplantation and for all major causes, has steadily 
improved with time, and is currently 65% in the U.S. Acute Liver 
Failure Study Group registry. The ability to predict which patient 
with ALF will recover spontaneously with medical management 
and which will succumb without liver transplantation remains a 
question of paramount importance. Although liver transplanta- 
tion offers hope of survival from ALF, the decision to perform a 
transplant introduces the need for lifelong immunosuppression, 
an operative mortality of up to 30%, and the use of a scarce 
resource.'*' Thus universal liver transplantation for ALF cannot 
be endorsed. Although mortality from all causes of ALF parallels 
the depth of hepatic encephalopathy (>80% mortality for Grade 
3 or Grade 4 encephalopathy), spontaneous recovery occasionally 
follows even the deepest hepatic coma'*’; thus more accurate 
predictors of outcome are needed. 

Several groups have proposed guidelines with which to select 
a patient for liver transplantation (Table 20-18). The most widely 
accepted were proposed by O’Grady et al.“ in 1989, and have 
become known as the King’s College criteria. On the basis of a 


TABLE 
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retrospective review of 588 patients with ALF who were treated 
medically between 1973 and 1985, O’Grady et al. identified poor 
prognostic variables in patients with ALF due to APAP overdose 
and other causes by multivariate analysis, and then applied the 
variables to a test group of 175 patients who were seen between 
1986 and 1987. For patients with APAP overdose, acidosis (arte- 
rial pH < 7.30) on admission or the combination of a peak 
prothrombin time of greater than 100 seconds, serum creatinine 
concentration greater than 3.4 mg/dL, and Grade 3 or Grade 
4 hepatic encephalopathy was highly associated with mortality 
without liver transplantation. Fulfillment of one of these criteria 
predicted 77% of the total deaths in the test group. In the group 
with ALF from non-APAP causes, three static variables obtained 
on admission (cause, age, and duration of jaundice to onset of 
encephalopathy >7 days) and two dynamic variables obtained 
during the evolution of liver failure (peak bilirubin concentration 
and prothrombin time) predicted a poor prognosis. The presence 
of a prothrombin time greater than 100 seconds, or in patients 
with a prothrombin time less than 100 seconds, any three of an 
age less than 10 years or greater than 40 years, non-A, non-B viral 
or idiosyncratic drug origin, evolution from jaundice to encepha- 
lopathy of more than 7 days, prothrombin time greater than 50 
seconds, and bilirubin concentration greater than 17.4 g/dL pre- 
dicted more than 96% of the fatalities in the test group. Although 
the predictive accuracy of the King’s College criteria has been 
substantiated,'®*'® the failure to fulfill the King’s College criteria 
did not predict survival without liver transplantation in other 
studies,'*° and in the U.S. Acute Liver Failure Study Group reg- 
istry the King’s College criteria predicted patient mortality with 
a sensitivity of only 12%. Other indices have been developed to 
improve the predictive accuracy of the King’s College criteria (see 
Table 20-18). An Acute Physiology and Chronic Health Evalu- 
ation II score greater than 15 was highly predictive of death or 
the need for liver transplantation in patients with APAP overdose, 
even though prothrombin time and bilirubin concentration, the 
two most important indicators of hepatic necrosis, are not part of 
the score.'*’ Coagulation parameters also have an important role 
in assessing prognosis. The degree of prothrombin time elevation, 
and in particular, a continued rise 4 days after APAP ingestion, 
is associated with a 93% mortality without transplant.'*' Levels 


er Schemes for Predicting Mortality and Need for Liver Transplantation in Acute Liver Failure 


King’s College Criteria APAP 


Arterial pH <7.30 or all of the following: (1) PT >100 sec (INR >6.5); (2) creatinine 


O'Grady et al.* 


>3.4 mg/dL; (3) Grade 3/4 encephalopathy 


Non-APAP 


PT >100 sec (INR >6.5) or any three of the following: (1) NANB/drug/halothane cause; 


(2) jaundice to encephalopathy >7 days; (3) age <10 yr or >40 yr; (4) PT >50 sec; 


(5) bilirubin >17.4 mg/dL 


Factor V (Clichy criteria) Viral 


Age <30 yr: factor V <20%; or any age: factor V <30% and Grade 3/4 encephalopathy 


Bernuau et al.2°'% 


Liver biopsy Mixed Hepatocyte necrosis >70% Donaldson et al.'® 
Arterial phosphate APAP >1.2 mmol/L Schmidt and Dalhoff'” 
Serum lactate APAP >3.5 mmol/L Bernal et al.'° 
APACHE II score APAP Score >15 Mitchell et al.'®” 


ALF Acute liver failure; APAP acetaminophen; APACHE, Acute Physiology and Chronic Health Evaluation; HBV, hepatitis B virus; INR, international normalized ratio; NANB, non-A, non-B viral hepatitis; 


PT, prothrombin time. 


of factor V, a liver-derived coagulation factor with a short half- 
life (12 to 24 hours), may be a more accurate indicator of the 
need for liver transplantation than the prothrombin time, which 
tends to become more markedly elevated in ALF of certain causes 
(APAP). ë! On the basis of experience with HBV-induced ALF, 
the Clichy criteria based on factor V levels were later refined in 
a prospective study of patients with viral ALE In patients with 
Grade 3 or Grade 4 hepatic encephalopathy, a factor V level of 
less than 20% in patients younger than 30 years or a level of less 
than 30% in patients older than 30 years predicted very high 
mortality (90%) and thus the need for liver transplantation.'** 
Although factor V levels fared nearly as well as other prognostic 
indicators in two subsequently studied groups of patients with 
non-APAP ALE, no level of factor V discriminated patients with 
APAP-induced ALF who lived or died.'**"® In contrast to factor 
V, factor VIII levels are routinely elevated in ALF and reflect the 
degree of endothelial cell activation during evolution of SIRS. A 
factor VIII to factor V ratio of less than 30 provided high pre- 
dictive value for spontaneous survival.” The same study found 
low factor V concentrations useful in predicting mortality from 
APAP-induced ALF when levels do not recover during the first 3 
days of hospitalization (Fig. 20-14). 

Other readily available laboratory parameters also appear to 
have prognostic value. In a multivariate, retrospectively analyzed 
group of more than 100 patients with APAP-induced ALE arterial 
lactate concentration was identified as a predictor of death 
(8.5 mmol/L in those who died vs. 1.4 mmol/L in those who 
survived).'”° In a subsequent prospectively studied patient sample, 
a threshold of arterial lactate concentration before volume expan- 
sion of 3.5 mmol/L had a sensitivity of 67% and specificity of 
95% in predicting early death from APAP-induced ALE Use of 
serum phosphate concentration may also improve standard prog- 
nostic criteria.” In patients with APAP-induced ALF, serum 
phosphate concentrations 48 hours to 72 hours after the overdose 
were significantly higher in patients who died than in survivors 
(mean 2.65 mmol/L vs. 0.68 mmol/L), and a threshold value of 
1.2 mmol/L provided 89% sensitivity and 100% specificity. 

The role of liver biopsy in determining prognosis in ALF 
remains controversial. An early study advocated the use of hepato- 
cyte necrosis to estimate prognosis, but found coagulation param- 
eters reflected the likelihood of regeneration nearly as well, and 
that biopsy offered no prognostic information in many patients.'”! 
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e Fig. 20-14 Sequential factor V levels in 22 patients with 
acetaminophen-induced acute liver failure according to prognosis. 
Factor V levels recovered to within a normal range (60% to 150%) within 
4 days of admission in survivors, whereas patients who died had no 
significant recovery of factor V levels. (From Pereira L, et al. Coagulation 
factor V and VIII/V ratio as predictors of outcome in paracetamol induced 
fulminant hepatic failure: relation to other prognostic indicators. Gut 
1992;33:98-102.) 


Despite bias introduced by sampling variation, a subsequent study 
showed that the prognosis was dismal in patients with greater than 
70% hepatocyte necrosis'”’; other studies have not found that the 
extent of necrosis predicts outcome, however. °>! 

Other proposed prognostic criteria include serum 0.-fetoprotein 
level, a marker of liver regeneration that tends to be higher in 
patients who recover spontaneously.” An increasing trend in 
a-fetoprotein level during Day 1 to Day 3 of admission may 
better predict spontaneous survival than spot levels on admission; 
in the U.S. Acute Liver Failure Study Group study, 71% of 
patients in whom o-fetoprotein levels increased survived without 
transplant, whereas 80% in whom levels did not increase died or 
required transplant. Levels of Gc globulin, a plasma protein syn- 
thesized by the liver and released into the circulation after massive 
hepatocyte necrosis, also correlate with prognosis, but the assay is 
cumbersome and not widely available. 


SUMMARY 


Recent Progress 

e Recent prospective and retrospective studies have failed to show the 
benefit of therapeutic hypothermia in impacting survival in ALF, with the 
possible exception of young patients with APAP-induced ALF. 

e ICP monitoring in patients with ALF may not confer a survival benefit 
regardless of the cause. 

e Recent large, retrospective studies have not suggested a benefit of 
prophylactic antibiotics in patients with ALF. 

e The perception of a bleeding tendency in patients with ALF is overstated; 
global hemostasis in patients with ALF is, in most cases, rebalanced. 

e The cause of death in patients with ALF has changed during the last 
several decades, with a greater proportion who succumb to MOSF, and 
fewer who succumb to cerebral edema and intracranial hypertension. 


References 


Key Knowledge Gaps 

e Methods for estimating prognosis in patients with ALF remain 
insufficiently accurate to avoid liver transplantation in those destined to 
regenerate and survive. 

e Accurate, noninvasive modalities to assess ICP in patients with ALF 
remain elusive. 


Future Directions 

e Extracorporeal liver support with high-volume plasmapheresis remains 
theoretically promising but as yet has yielded disappointing results. 

e Techniques to potentiate hepatic regeneration in ALF require advances in 
basic science. 

e The pathogenesis of MOSF in ALF also requires intensive study. 


The complete reference list is available at www.expertconsult.com. 
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ABBREVIATIONS 


ACLF acute-on-chronic liver failure 

ALF acute liver failure 

HCC hepatocellular carcinoma 

INR international normalized ratio 

LT liver transplantation 

MELD Model for End-Stage Liver Disease 

SLK simultaneous liver-kidney transplantation 


Introduction 


Cirrhosis had traditionally been classified into two stages: com- 
pensated cirrhosis and decompensated cirrhosis. Within the 
period of compensated cirrhosis, the major risks for mortality are 
cardiovascular disease, stroke, and extrahepatic malignancy. 
However, the majority of patients with compensated cirrhosis 
progress to decompensated disease, which is characterized by 
jaundice, ascites, variceal bleeding, or hepatic encephalopathy. A 
finer stratification includes four stages of cirrhosis: stage 1, com- 
pensated cirrhosis without either varices or ascites; stage 2, com- 
pensated cirrhosis with varices that have not bled but without 
ascites; stage 3, ascites without variceal bleeding; and stage 4, 
variceal bleeding with or without ascites. Because infection is 
recognized as an independent risk factor for mortality, cirrhosis 
with sepsis has been proposed as the fifth stage of cirrhosis.’ 

More recently, the concept of acute-on-chronic liver failure 
(ACLF) has been proposed as the preterminal pathway in the 
natural history of chronic liver disease. Multiple organ failure 
and an increased risk for mortality are key to the diagnosis of 
ACLF. Indeed, patients with compensated cirrhosis and even 
patients with chronic liver disease without cirrhosis may also 
develop multiple organ failure with high mortality risk. ACLF 
requires a precipitating event (identified or unidentified), under- 
lying chronic liver disease, and rapid progression to multiorgan 
dysfunction characterized by a high short-term mortality.” The 
current understanding of ACLF (definitions and pathophysiol- 
ogy), associated extrahepatic organ dysfunction, current prog- 
nostic markers, predictive models, and potential therapies are 
discussed in this chapter, recognizing that this is a rapidly evolving 
area of discovery. 


Definition 


For an optimal definition of ACLE identification of the subset of 
patients with chronic liver disease or cirrhosis with abrupt 
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decompensation to extrahepatic organ failure and an elevated risk 
for short-term mortality is essential. Indeed, the mortality risk 
should be substantially higher than the expected natural progres- 
sion of cirrhosis.” Compared with the general population, patients 
with compensated cirrhosis have a fivefold increase (hazard ratio 
[HR], 4.7; 95% confidence interval [CI], 4.4-5.0) and persons 
with decompensated cirrhosis have a 10-fold increase (HR, 9.7; 
95% CI, 8.9-10.6) in risk of death. The median 1-year survival 
was 83% in persons with compensated cirrhosis and between 36% 
and 80% for persons with decompensated cirrhosis in a recent 
population-based study of Danish alcoholic cirrhotic patients.’ 
On the other hand, median survival in patients with infection- 
related ACLF is only approximately 35 days.* In a recent study,'! 
cirrhotic patients with ACLF had 90-day mortality rates of 34% 
versus 1.9% for chronic decompensation. 

‘There are currently many separate definitions of ACLF includ- 
ing an interim definition of ACLF arrived at following a joint 
European Association for the Study of the Liver-American Asso- 
ciation for the Study of Liver Diseases (EASL-AASLD) meeting.’ 
ACLF is characterized by immune paralysis, akin to changes seen 
in severe sepsis.” Patients with ACLF may also have clinical fea- 
tures in common with acute liver failure (ALF). However, ALF 
occurs in subjects without underlying chronic liver disease and is 
characterized by onset of coagulopathy and encephalopathy 
within 8 weeks of onset of symptoms.” On the other hand, both 
ACLF and ALF may be associated with cerebral edema which is 
not seen in decompensated cirrhosis without ACLE 

Three separate definitions have been derived from multi- 
center efforts from the Asia-Pacific region, Europe, and North 
America.” "4 The Asia-Pacific Association for the Study of the 
Liver (APASL), defined ACLF as an “acute hepatic insult mani- 
festing as jaundice (bilirubin >5 mg/dL) and coagulopathy (INR 
>1.5) complicated within 4 weeks by ascites and/or encephalopa- 
thy in a patient with previously diagnosed or undiagnosed chronic 
liver disease.” Reactivation of hepatitis B and superinfection with 
hepatitis E virus infection on NAFLD are important causes of 
ACLF in that region, but a significant proportion of cases con- 
tinue to be due to alcoholic hepatitis. The European Association 
for the Study of the Liver—Chronic Liver Failure (EASL-CLIF) 
consortium defined ACLF as a failure of hepatic or extrahepatic 
organs associated with a 28-day mortality greater than 15%. 
ACLF was further characterized into three grades. Grade 1: this 
group was further subdivided into (1) patients with kidney failure 
as the only organ failure; (2) patients with kidney dysfunction 
(1.5-1.9 mg/dL) and/or mild to moderate hepatic encephalopa- 
thy along with single organ failure of either liver, coagulation, 
circulation, or respiratory systems; and (3) patients with hepatic 
encephalopathy along with kidney dysfunction (1.5-1.9 mg/dL). 
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e Fig. 21-1 Proposed types of ACLF. ACLF, Acute-on-chronic liver failure. (From Jalan R, et al. Toward 
an improved definition of acute-on-chronic liver failure. Gastroenterology 2014;147:4-10.) 


Grade 2 comprised patients with two or more organ failures and 
grade 3 comprised patients with three or more organ failures. The 
28-day mortality was 22%, 32%, and 77%, respectively, in grade 
1, grade 2, and grade 3 ACLE'"” It is important to emphasize 
that the majority of subjects in the EASL-CLIF study had ACLF 
in the setting of alcoholic liver disease. Viral or drug-induced 
hepatitis as precipitating events were extremely infrequent; no 
precipitating event was found in 44% of cases. There was a high 
prevalence of bacterial infection. The overall transplant-free mor- 
tality was 34% at 28 days and 51% at 90 days. 

The North American Consortium for the Study of End-Stage 
Liver Disease (NACSELD) recently examined survival in sepsis- 
or infection-related ACLF. Organ failures were defined as the 
presence of either shock (cardiac failure), grade 3 or grade 4 
hepatic encephalopathy (brain failure), need for dialysis (kidney 
failure), or need for mechanical ventilation (pulmonary failure). 
ACLF due to sepsis was defined as two or more organ failures 
in the presence of liver failure. Overall half of the population 
(total 507 patients) had hepatitis C and 16% had a nosoco- 
mial infection. Thirty-day mortality increased in parallel with 
the number of extrahepatic organ failures: 27%, 49%, 64%, and 
77% for one, two, three, and four extrahepatic organ failures, 
respectively. 

It is recognized that the definition of the individual organ 
failure was different between the EASL-CLIF and NACSELD 
consortia. The interval between the precipitating event and organ 
failure, the emphasis on extrahepatic organ failure, especially 
infection, and the definition of chronic were different across the 
three iterations of ACLF. In order to consolidate the comple- 
mentary definitions, a working group on behalf of the World 
Gastroenterology Organization proposed the following definition: 
ACLF is a “syndrome in patients with chronic liver disease with 
or without previously diagnosed cirrhosis which is character- 
ized by acute hepatic decompensation resulting in liver failure 
(jaundice and prolongation of the INR [International Normal- 
ized Ratio]) and one or more extrahepatic organ failures that is 
associated with increased mortality within a period of 28 days 


and up to 3 months from onset.” The proposal also included 
classifying ACLF based on whether it occurs in patients with 
chronic liver disease but without cirrhosis (Type A, e.g., reactiva- 
tion of hepatitis B); in patients with compensated cirrhosis (Type 
B, e.g., acute alcoholic hepatitis in a patient with cirrhosis); or 
in patients with decompensated cirrhosis (Type C, e.g., infec- 
tion in a patient with a history of ascites)** (Fig. 21-1). Current 
definitions are suboptimal in that the diagnosis is made only after 
the onset of organ failure, which might be too late for effective 
interventions. 


Precipitating Events 


Precipitating events differ based on underlying liver disease and 
region of the world.** In noncirrhotic chronic liver disease the 
precipitating event is a major hepatic injury, such as reactivation 
of chronic hepatitis B, superimposed acute hepatitis A or hepatitis 
E infection’® in the East, or drug-induced liver injury superim- 
posed upon nonalcoholic fatty liver disease in the West. In com- 
pensated cirrhosis the precipitating event is primarily hepatic, such 
as alcoholic hepatitis or drug-induced hepatitis. In decompensated 
cirrhosis extrahepatic events such as infection may be the precipi- 
tating event, though in a significant population no recognizable 
precipitating event occurs. 

Data from the Department of Veterans Affairs in the United 
States suggest that patients with either underlying chronic liver 
disease or with diabetes are at higher risk for liver failure with 
superimposed viral hepatitis.” Whereas these patients might have 
ACLF, distinction of ACLF from ALF may be possible only on 
liver biopsy. Furthermore, the drug-induced liver injury (DILI) 
network in the United States demonstrated that DILI is more 
likely to lead to liver failure in patients with diabetes.'* This sug- 
gests that drug-induced liver injury superimposed on NAFLD 
may be an important cause of ACLF in the West. 

Though alcoholic hepatitis, DILI and infections are reportedly 
more common causes of ACLF in western centers, they remain a 
major cause of ACLF in the East. Given that approximately half 
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of subjects with cirrhosis admitted to the hospital have evidence 
of infection or sepsis and a further 25% develop nosocomial infec- 
tions with high inpatient hospital mortality, infection plays an 
overwhelming role in the natural history of ACLF. There are also 
differences in long-term survival in patients with hepatic precipi- 
tants (e.g., viral hepatitis) as compared with extrahepatic precipi- 
tants such as bacterial infection (1-year mortality 63.9% vs. 


74.6%). "> 


Prevalence 


The prevalence of ACLF is hard to assess given the variation in 
definitions of ACLE, but it ranges from 12% to 40% among hos- 
pitalized cirrhotic patients. In the European multicenter study, the 
prevalence was 31%."' In the NACSELD cohort, the prevalence 
of infection associated ACLF was 24.4% (>2 organ failures).'* 
In a European population-based cirrhotic cohort (2001-2010), 
the prevalence of infection-related ACLF was 24%.” In a single- 
center prospective nationwide inception cohort study in Italy, 
ACLF was observed in 12% of hospitalized cirrhotic patients.” 


Natural History 


In data from European centers (7 = 338), approximately 50% had 
resolution or improvement in their ACLE, 20% had worsening of 
their clinical course, and 30% had a steady or fluctuating course. 
Patients with grade 1 ACLF had the highest resolution and lowest 
degree of worsening (resolution 54.5%). The prognosis was worst 
in grade 3 ACLF (resolution 16%). The time course assessing 
improvement, resolution, or worsening was determined within 48 
hours in 40%, 3 to 7 days in 15%, and 8 to 28 days in another 
15% of the population. 

The mortality rate of patients with infection-associated ACLF 
may be as high as 50%,'”*' depending on the number of extra- 
hepatic organ failures.'* Approximately one half of the hospitaliza- 
tions of cirrhotic patients are due to infections; indeed a further 
20% to 40% of patients develop nosocomial infections.'’* The 
most prevalent infections in patients hospitalized with cirrhosis 
are urinary tract infection (UTI) and spontaneous bacterial peri- 
tonitis (SBP). 


Economic Burden 


There are limited data on the cost of ACLF as it is hard to accu- 
rately separate out subjects with ACLF from those with non- 
ACLF-related decompensated liver disease among patients 
hospitalized with cirrhosis. In one estimate of the Nationwide 
Inpatient Sample (NIS) in the United States using the NACSELD 
definition of ACLF as more than two extrahepatic organ failures, 
the mean cost per ACLF patient hospitalization was twice as high 
as that for non-ACLF cirrhosis patients (approx. $32,000 for 
ACLF patients, compared with $16,000 for non-ACLF cirrhosis 
patients).” In addition, it does not appear that there has been a 
significant reduction in mortality in patients with ACLF during 
the past 2 decades, with mortality in the nationwide sample 
approaching 50%. 


Pathophysiology 


Akin to sepsis, the pathophysiology of ACLF may be described 
using the PIRO system, namely predisposition (underlying liver 
disease), insult (precipitating event), response to injury, and organ 
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failure™*™ (Fig. 21-2). Predisposition refers to the severity of 
underlying liver disease and comorbidities. Injury refers to hepatic 
insults, such as alcoholic hepatitis, superimposed viral or drug- 
induced hepatitis, ischemia, and surgery, or extrahepatic precipi- 
tants, such as infection. Prevalence of identified bacterial infection 
is higher among patients with ACLF as compared with non-ACLF 
patients.'' Nevertheless, a precipitating event may not be identi- 
fied in approximately 40% of patients." The inflammatory 
response to injury is one of the main drivers of organ failure. 
Elevated surrogate markers of inflammation, C reactive protein 
(CRP)” and leukocyte count, are associated with worse outcomes. 
The role of the compensatory antiinflammatory response is 
important in determining the risk for nosocomial infections and 
higher mortality and needs further study” (Fig. 21-3). Unsurpris- 
ingly, increasing numbers of organ failures (liver, cardiopulmo- 
nary, renal, etc.) portend a worse outcome. 

Inflammation may be sterile or secondary to bacterial infec- 
tions. Hepatocellular damage may result from a sterile inflam- 
matory response induced by alcohol, surgery, acetaminophen, 
or ischemia/reperfusion. Sterile inflammation is driven initially 
by damage-associated molecular patterns (DAMPs) or alarmins 
which initiate and perpetuate the immune response. DAMPs 
result from extrusion of intracellular material following cell death. 
The cellular receptors that recognize DAMPs include RAGE, 
TLR, Mincle, TREM-1, and nucleotide-binding oligomerization 
domainlike receptors (NLRs).”’ Activation of these receptors pro- 
motes expression of adhesion proteins and release of proinflam- 
matory cytokines (e.g., interleukin 1B [IL-1B], IL-18) and growth 
factors, which perpetuate the inflammatory response.” A small 
study found increased serum levels of high mobility group box 
chromosomal protein 1 (HMGB1), an important hepatocyte- 
derived DAMP, in patients with ACLE” but the role of DAMPs 
in ACLF needs further study. 

The liver normally has an important defensive role against 
pathogens and related antigens. The liver resident macrophages, 
Kupffer cells, and sinusoidal endothelial cells, are first-line defense 
mechanisms against gut-derived toxins and bacteria. Kupffer cells 
exert potent phagocytic activity,” and upon activation release 
proinflammatory cytokines (IL-1, IL-6, IL-17, IL-18, tumor 
necrosis factor © [TNF-a]) which induce leukocyte recruitment 
and oxidative stress, and activate complement. Both Kupffer cells 
and sinusoidal endothelial cells also have antigen-presenting capa- 
bilities, through expression of MHC Class I and IL. 

In patients with ACLF there is an increase in numbers of 
monocytes and macrophages expressing MER receptor tyrosine 
kinase (MERTK). The result is suppressed innate immune 
response.”' There is also impaired activity of Kupffer cells in cir- 
rhosis through several mechanisms. Sinusoidal fibrosis, portosys- 
temic shunt formation, impaired hepatic synthesis of complement 
proteins, and soluble pattern recognition receptors work in 
synergy to impair Kupffer activity. Circulating immune cell func- 
tion is also impaired.” As in patients with severe sepsis, patients 
with ACLF demonstrate significant cellular immune depression, 
as measured by reduced TNF-a production and monocyte 
HLA-DR expression after lipopolysaccharide (LPS) stimula- 
tion.’ These effects are significantly more pronounced in 
patients with ACLF than in patients with compensated cirrhosis.” 
Expression of immune paralysis—related genes is increased after 
ex vivo LPS exposure of cirrhotic peripheral blood mononuclear 
cells (PBMCs). In addition, cirrhotic PBMCs on LPS stimulation 
demonstrate higher expression of proinflammatory cytokines and 
chemokine release compared with healthy controls.” An increase 
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e Fig. 21-2 Pathophysiology of ACLF (PIRO system). ACLF, Acute-on-chronic liver failure; DAMP, 
damage-associated molecular pattern; /L, interleukin; PAMP, pathogen-associated molecular pattern; 
PIRO, predisposition, insult, response to injury, and organ failure; SBP, spontaneous bacterial peritonitis; 
TNF, tumor necrosis factor; UTI, urinary tract infection. (Modified from Asrani SK, et al: Acute-on-chronic 
liver failure. Clin Gastroenterol Hepatol 13:2128-2139, 2015.) 


in the regulator T cells and a functional decrease of myeloid den- 
dritic cells are associated with poor outcome in patients with 
HBV-related ACLF.*°°” 

Treatment of ACLF with granulocyte colony-stimulating 
factor (G-CSF) or a combination of G-CSF and erythropoietin 
leads to improved survival and lower risk of complications, includ- 
ing lower risk for sepsis.***? This phenomenon is associated with 
an increase in circulating and intrahepatic myeloid and plasma- 
cytic dendritic and T cells. 

In contrast to sterile inflammation, infection related inflam- 
mation is driven by pathogen-associated molecular patterns 
(PAMPs).“°*' The more appropriate term is probably microbe- 
associated molecular patterns or MAMP.. The severity of the inflam- 
matory response is determined by host factors, such as the severity 
of liver disease, comorbidities such as obesity and cardiopulmo- 
nary disease, and microbial virulence and load. PAMPs are rec- 
ognized by pattern recognition receptors of the host cells. These 


receptors may locate on the cell surface (toll-like receptors [TLRs] 
and C-type lectin receptors [CLRs]); in the endosome (TLRs); 
or in the cytoplasm (retinoic acid inducible gene 1—like recep- 
tors [RLRs] and nucleotide-binding oligomerization domainlike 
receptors [NLRs]).”° The resulting exaggerated inflammation leads 
to tissue damage and cell death, which results in the release of 
DAMPs. The DAMPs in turn are recognized by TLRs and NLRs 
and the inflammation and cell damage are perpetuated. 

Thus, current evidence suggests that there is an early immune- 
mediated inflammatory response which serves to limit the degree 
of cellular injury. 


Extrahepatic Organ Failure 


Systemic inflammatory response or S/RS is recognized clinically 
by meeting two or more of the following criteria: (1) fever of more 
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than 38° C (100.4° F) or less than 36° C (96.8° F); (2) heart rate 
of more than 90 beats per minute; (3) respiratory rate of more 
than 20 breaths per minute or arterial carbon dioxide tension 
(PaCO,) of less than 32 mm Hg; or (4) abnormal white blood 
cell count (>12,000/UL or <4000/uL or >10% immature [band] 
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e Fig. 21-3 Inflammatory (SIRS) and antiinflammatory (CARS) response 
in ACLF. ACLF, Acute-on-chronic liver failure. 
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forms). However, this inflammatory response is followed by the 
compensatory antiinflammatory response syndrome mediated 
by the neuroendocrine axis, impaired function of immune cells, 
and inhibition of proinflammatory gene transcription. The com- 
pensatory antiinflammatory response initially results in immune 
hyporesponse followed by immune paralysis which predisposes 
patients to nosocomial infections, organ failure, and, ultimately, 
death. 

Organ failure results largely from tissue hypoxemia resulting 
from decreased organ perfusion and cellular edema.“ Increased 
vascular permeability and mitochondrial dysfunction are key ele- 
ments to organ impairment. Within the microcirculation there is 
increased microvascular thrombosis mediated via activation of 
tissue factor and neutrophil extracellular traps (NET). A decrease 
in thrombomodulin, activated protein C (APC), antithrombin, 
and fibrinolysis all contribute to propagation of the thrombosis. 
The hypotension, vasodilatation, and decreased red-cell deform- 
ability lead to tissue hypoperfusion. PARI which is the major 
mediator between inflammation and thrombosis mediates a series 
of changes which result in a decrease in vascular endothelial cad- 
herins disrupting the tight cellular junctions. There is thus a loss 
of barrier function leading to capillary leak and tissue edema. 
Infection-mediated disruption of mitochondrial function acts 
synergistically with decreased organ perfusion and cellular edema 
to result in organ dysfunction (Fig. 21-4). 

The presence of multisystem organ failure differentiates ACLF 
from decompensated cirrhosis. The number of failing organs has 
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e Fig. 21-4 Mechanisms of extrahepatic organ dysfunction in ACLF. ACLF, Acute-on-chronic liver 
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important prognostic value.'' The clinical manifestations of the 
various organ dysfunctions follow. 


Renal Failure 


Renal failure is associated with a 28-day mortality of up to 18.6% 
in patients with ACLE'! Renal failure in that study was defined 
as serum creatinine greater than 1.5 mg/dL or need for renal 
replacement therapy.**“* Acute kidney injury (AKI) is precipitated 
by bacterial infection in approximately 30% to 40% of patients 
with cirrhosis and associated with a 3-month survival rate of only 
31% in one study.” The definition of acute renal failure proposed 
by the Acute Kidney Injury Network (AKIN) which considers the 
absolute change in serum creatinine or change in urine output 
over a 48-hour period“ was recently validated as a prognostic tool 
in hospitalized cirrhotic patients.“ "° The AKIN criteria are not 
yet incorporated into definitions of ACLF but will probably have 
greater prognostic accuracy. 

The most common causes of AKI in cirrhosis include volume- 
responsive prerenal azotemia, acute tubular necrosis, and hepa- 
torenal syndrome (HRS).”' The relative proportion of each of 
these entities in ACLF is not known. Terlipressin, a splanchnic 
vasoconstrictor, significantly improves renal function and overall 
survival in patients with HRS.” Patients with ACLF and sepsis- 
associated HRS are less likely to respond to terlipressin. This 
suggests that renal impairment in ACLF is related to factors in 
addition to extreme splanchnic vasodilatation-related renal hypo- 
perfusion.” Moreover, response to terlipressin in ACLF may not 
simply be related to the degree of renal impairment and other 
factors may play a role.” 

Systemic inflammation likely contributes to AKI in ACLE 
The role of inflammation in ACLF-related AKI is supported by 
the renal protective effect of albumin in SBP In addition to 
renal failure, hyponatremia has an important prognostic value 
in cirrhosis.” The presence of hyponatremia in patients with 
ACLF is associated with lower 3-month survival compared with 
patients with ACLF without hyponatremia (35.8% vs. 58.7%, 
respectively).”° 


Hepatic Encephalopathy 


Hepatic encephalopathy (HE) is a common complication of cir- 
rhosis and is associated with significant in-hospital mortality when 
associated with ACLE.””” Hepatic encephalopathy can be a mani- 
festation of ALE decompensated cirrhosis, and ACLE with a 
different prognosis in each setting. Hepatic encephalopathy char- 
acterizes ALF in the presence of severe liver injury in patients 
without underlying liver disease. Isolated hepatic encephalopathy 
may occur in cirrhotic patients without evidence of any extrahe- 
patic organ dysfunction. The prognosis in such patients is typi- 
cally good even among those patients who require ICU admission 
and mechanical ventilation.’ HE associated with ACLE, on the 
other hand carries a poor prognosis. Systemic inflammation 
characteristic of ACLF may contribute to hepatic encephalopathy 
in this group of patients.” 

HE associated with ACLF may be associated with cerebral 
edema and elevated intracranial pressure similar to what occurs in 
ALE, whereas HE in the absence of ACLF is not associated with 
cerebral edema.’ Animal studies suggest that acute brain 
edema develops as a result of hyperammonemia with systemic and 
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neuroinflammation.” Hyponatremia has also been identified as 
an important risk factor for cerebral edema.°”°* 


Cardiovascular Dysfunction 


Patients with ACLF have a decrease in mean arterial pressure and 
systemic vascular resistance, and a significant increase in hepatic 
venous pressure gradient (HVPG). These hemodynamic changes 
improve with resolution of the acute episode.” Systemic inflam- 
mation likely accounts for the acute vascular changes observed in 
ACLE, similar to septic shock. 

Increase in circulating proinflammatory cytokines promotes 
peripheral vasodilation” ”' and increased intrahepatic resistance.” 
Because patients with ACLF have adrenal insufficiency and low 
serum cortisol levels” they have a decreased peripheral response 
to vasoconstrictors.”’”* Treatment with the molecular adsorbent 
recirculating system (MARS) results in significant hemodynamic 
improvement in ACLE.”””° The improvement is only a tempo- 
rary effect as no change in survival is observed.” The inotrope 
of choice in ACLF in the presence of hypotension is unclear.” 

Cardiomyocytes obtained from hearts of sepsis models dem- 
onstrate contractile defects, although the responsible pathways are 
not known. Plasma from both humans and animals with sepsis is 
abundant in cardiosuppressive cytokines IL-1, IL-6 and TNF-a. 
These cytokines suppress myocardial contractility via interaction 
with G protein-coupled receptors on cardiomyocytes.” 


Respiratory Failure 


A ratio of partial pressure arterial oxygen (PaO) and fraction of 
inspired oxygen (FiO;) less than 200 mm Hg defines acute respi- 
ratory distress syndrome (ARDS), whereas a PaO,/FiO, between 
200 mm Hg and 300 mm Hg identifies patients with acute lung 
injury who are likely to benefit from aggressive therapy. Pul- 
monary infections account for 14% to 48% of all infections in 
cirrhotic patients.*’ Respiratory failure in patients with ACLF 
usually results from or leads to pulmonary infections. The risk 
for pulmonary infections is higher in those who require mechani- 
cal ventilation for other indications, including airway protection 
during variceal bleeding and/or hepatic encephalopathy. The need 
for mechanical ventilation is a poor prognostic indicator in ACLE, 
with l-year mortality at 89%. Prolonged ventilation (>9 days), 
and elevated total bilirubin at ICU discharge are associated with 
high mortality." 


Coagulation Dysfunction 


ACLF results in a decrease in both procoagulation and anticoagu- 
lation factors. Whereas in cirrhosis the balance is tilted towards a 
procoagulant state, it is unclear whether in ACLF there is a greater 
risk of clotting or bleeding. Prolonged prothrombin time and low 
platelet count are common features of cirrhosis and therefore cir- 
thosis is often mistaken to be a state associated with only an 
increased bleeding risk. The anticoagulant factors such as protein 
C and fibrinolysis are reduced and could result in increased risk 
for coagulation." For example, there is an increased risk of deep 
vein thrombosis in hospitalized patients with cirrhosis. 

Bacterial infections impair coagulation by increasing endoge- 
nous heparinoids. This temporary effect resolves with clearance of 
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the infection.” Indeed, antibiotics are associated with a decreased 
risk for variceal rebleeding.®’ Platelet dysfunction in infection, 


especially when associated with AKI, also probably contributes to 
bleeding risk.” 


Prognostic Models 


There are several predictive models that may be used to quantify 
prognosis in ACLF. The Model for End-Stage Liver Disease 
(MELD) score, the Maddrey modified discriminant function 
(MDF) and the Lille model are most commonly used to predict 
early mortality in acute alcoholic hepatitis.“°*” The MDF and 
MELD score are used at baseline and the Lille score is calculated 
after 1 week of treatment. A Lille score greater than 0.45 after 1 
week of steroid therapy is associated with a poor prognosis and 
triggers the decision to stop steroids. Recent data suggest that a 
combination of the MELD score at baseline and the Lille score 
after 1 week is the best model to determine prognosis in alcoholic 
hepatitis.” A combination of the MELD score, age and American 
Society of Anesthesiology class most accurately predicts short- 
term survival in cirrhotic patients undergoing surgery, a common 
precipitant of ACLE”! 

Neither the Child-Turcotte-Pugh nor the MELD” scoring 
systems provide a direct assessment of cardiopulmonary compro- 
mise and brain edema. This drawback is important to understand 
because mortality which can be counted in hours and days does 
not occur in the absence of cardiopulmonary dysfunction or brain 
edema. A scoring system for ACLF that takes into consideration 
inflammation and cardiopulmonary organ dysfunction may have 
better predictive value in this population. The EASL-CLIF con- 
sortium has proposed a modified Sequential Organ Failure Assess- 
ment (SOFA) score including factors associated with chronic liver 
disease, termed the CLIF-SOFA score.'! 

The CLIF-SOFA scale assesses the function of six organ systems 
(liver, kidneys, brain, coagulation, circulation, and lungs). Each 
organ system receives a subscore from zero (normal) to 4 (most 
severe abnormality). Thus the total score may range from 0 to 24. 
For the purposes of the CLIF-SOFA score, liver failure was arbi- 
trarily defined by serum bilirubin greater than 12.0 mg/dL. 
Kidney failure was defined by serum creatinine greater than 
2.0 mg/dL or need for renal replacement therapy. Though the 
degree of serum creatinine elevation represents significant renal 
dysfunction, it is highly specific in prediction of mortality. The 
use of the AKIN definition for AKI might result in increased 
sensitivity but at the expense of specificity. Grade II or IV hepatic 
encephalopathy based on the West-Haven Classification defines 
cerebral failure. Coagulation failure is defined by an INR greater 
than 2.5 and/or platelet count of 20 x 10°/L or less, again repre- 
senting advanced dysfunction. Circulatory failure was defined by 
the use of vasopressors for a systolic arterial blood pressure of less 
than 90 mm Hg. Respiratory failure was defined by a PaO,/FiO, 
less than 200 mm Hg or a pulse oximetric saturation/FiO, ratio 
of 200 or less. These respiratory parameters represent ARDS. A 
recent retrospective study, which included 971 cirrhotic patients, 
demonstrated that SOFA and CLIF-SOFA had similar abilities in 
predicting patient survival, with greater area under the receiver 
operating curve (AUROC) values than those obtained from 
MELD and Acute Physiology and Chronic Health Evaluation 
(APACHE) II scores.” 

The modification to the CLIF-SOFA score proposes two new 
cutoff points (CLIF-C OFs) to distinguish three severity catego- 
ries that correlate with 28-day mortality. The CLIF-C OF has a 
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similar performance to the original CLIF-SOFA score in predict- 
ing 28-day mortality. The mathematical model which includes 
age, white blood cell count, and the CLIF-C OF score was dem- 
onstrated to be superior to MELD and MELD-Na in predicting 
mortality in an independent ACLF cohort.” Finally, dynamic 
assessment of ACLF severity along the clinical course has been 
recently investigated. ACLF grading at Days 3 to 7 is a better 
predictor of severity compared to initial/admission assessment. 
Patients with severe early course (based on ACLF grading) have a 
higher mortality (42-92%).” 

In contrast to these elaborate models, Bajaj et al. using data 
from the NACSELD group demonstrated that the mere presence 
of increasing number of organ failures accurately predicts short- 
term mortality among persons with infection-related ACLF. 
Hence, the overarching theme in these scores is that, regardless of 
the severity of the underlying liver disease, it is the presence of 
multiorgan failure that determines outcomes. It is yet unclear 
whether the organ failure scores are truly prognostic (that is, allow 
early recognition and can improve the outcome) or are only reflec- 
tive (that is, they are describing the dying process). 


Potential Prognostic Biomarkers 


Currently, only a few studies have investigated potential biomark- 
ers for the diagnosis of ACLE. A recent study evaluated the metab- 
olomic profile of patients with alcoholic cirrhosis admitted to the 
hospital with ACLE The authors identified increased signals 
related to ACLF compared with compensated or decompensated 
cirrhosis, including lactate, pyruvate, ketone bodies, glutamine, 
phenylalanine, tyrosine, and creatinine.” Metabolic profiling has 
also been studied in patients with HBV-related ACLF and 38 
characteristic serum metabolites were identified, 17 of which were 
of prognostic value.” Up-regulation of TNF-o and interferon-y 
have been observed in HBV-related ACLF, compared with chronic 
hepatitis and normal controls.” This is not surprising because 
SIRS plays an important role in the pathophysiology of ACLF. 
Given the importance of bacterial translocation in the pathogen- 
esis of ACLE, a recent study evaluated gut dysbiosis. The relative 
abundance of Pasteurellaceae as an independent predictor of mor- 
tality was demonstrated.” 


Management of ACLF 


General Measures 


Management of ACLF follows the paradigm of addressing the 
predisposing condition which is liver failure, limiting systemic 
injury, attenuating the inflammatory response, and providing sup- 
portive care for ensuing organ failures (Table 21-1). Appropriate 
intensive care management of subjects with ACLF is the mainstay 
of treatment.” Unfortunately, the tools for early recognition of 
ACLF are not available. The role of albumin and intravenous 
antibiotics to reduce the risk for renal dysfunction amongst 
persons with ACLF has intuitive appeal, but efficacy needs to be 
demonstrated. Clearly, appropriate antibiotic use within 1 hour 
of hypotension in the presence of infection is critical because delay 
in starting antibiotics by even 6 hours increases the odds ratio for 
mortality eightfold.'°° 

Management of ACLF is contingent on first addressing the 
precipitating event. In the setting of acute alcoholic hepatitis, 
though administration of prednisolone was considered critical, the 
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Predisposition Severity, etiology MELD score, 
CTP score 
Injury Precipitating Viral Early antivirals for 
event hepatitis hepatitis B 
Alcohol Prednisone? 
Drugs 
Infection Early antibiotics 
Nosocomial 
Infection 
coverage 
Response Inflammation G-CSF 
Immune failure Role of albumin 
Organ failure Number of Renal failure Early RRT 
organs 
Cardiopulmonary Intensive Goal-directed 
care therapy 
Prognostic score SOFA, Artificial/bioartificial 
APACHE, liver in selected 
CLIF patients 


LT 


APACHE, Acute Physiology and Chronic Health Evaluation; CLIF, chronic liver failure; CTP, 
Child-Turcotte-Pugh; G-CSF, granulocyte colony-stimulating factor; L7, liver transplantation; 
MELD, Model for End-Stage Liver Disease; RAT, renal replacement therapy; SOFA, Sequential 
Organ Failure Assessment. 


benefit is seriously questioned in recent studies.'°' The interplay 
between the high prevalence of infection amongst persons with 
ACLF and administration of prednisolone is unknown. Further- 
more, the absolute reduction in mortality with steroid-based 
therapy, even when demonstrated, is apparent only at 28 days; 
long-term reduction in mortality is related to abstaining from 
alcohol.” Reduction in the risk of infection with prophylactic 
use of antibiotics in persons with gastrointestinal bleeding may 
improve outcomes. Administration of antiviral therapy for hepa- 
titis B reactivation—related ACLF leads to improved survival. ° In 
a single-center study from India, subjects with spontaneous reac- 
tivation of chronic hepatitis B with ACLF who had no access to 
liver transplantation (LT) were randomized to receive either teno- 
fovir or placebo. Three-month survival was higher amongst 
patients receiving tenofovir as compared with the placebo group 
(57% vs. 15%). Meta-analyses have also demonstrated that sub- 
jects with HBV-related ACLF who received nucleos(t)ide analogs 
had significantly lower 3-month mortality (45% vs. 73%, p < 
0.01) and incidence of reactivation (1.8% vs. 18%, p < 0.01) 
compared with those who did not.'”’ 


Liver Support Devices 


The role of liver assist devices remains unclear.” A nonbiologic 
molecular adsorbent recirculating system (MARS) was examined 
for treatment of ACLE In the RELIEF multicenter study,” which 
included 180 patients with ACLẸ, patients were randomized to 
receive either MARS therapy in combination with standard 
medical therapy, or standard medical therapy alone. Treatment 
was well-tolerated but no survival benefit was observed after 28 
days of therapy (28-day mortality was 41% vs. 40% in subjects 
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who received MARS vs. standard of care alone).”” In a study of 
another nonbiologic device, Prometheus, using fractional plasma 
separation absorption and dialysis, survival benefit was not 
observed in persons with ACLF (mortality was 34% vs. 37% in 
subjects assigned to the device vs. standard of care). There was 
survival benefit seen only amongst persons with Type I hepatore- 
nal syndrome and MELD scores greater than 30. The bioartificial 
extracorporeal liver assist device, ELAD (Vital Therapies) is cur- 
rently being tested in patients with ACLF (http://clinicaltrials.gov/ 
show/NCT01471028). 


Potential Hepatic Regenerative Therapy 


Among all modalities of therapy for ACLE the combination of 
G-CSF and erythropoietin has been associated with the most 
dramatic improvement in survival in patients with decompen- 
sated cirrhosis, the majority of whom would meet defining criteria 
for ACLE. The role of G-CSF as a promoter of hepatic regenera- 
tion was reported in a small group of patients with ACLF and 
subsequently in a larger group of subjects with decompensated 
citrhosis.””'”’ In this latter single-center placebo-controlled ran- 
domized trial, receipt of a combination of G-CSF and darbopoi- 
etin Œ was associated with improved survival at 1 year (68.6% vs. 
26.9%; p < 0.01) with a lower rate of septic shock on follow up 
(6.9% vs. 38.5%, p < 0.01). 


Liver Transplantation 


Given the acute deterioration in liver function, early recognition 
of ACLF and urgent evaluation for LT is important after infection 
has been ruled out. Currently, there is no urgent status assigned 
to persons with ACLF and it is unclear whether ALF criteria 
should be applied to subjects with ACLF. It is also unclear whether 
King’s College Hospital criteria that are used for ALF should also 
be applied for ACLE A recent United States—based study suggests 
that the MELD-based allocation system is appropriate for organ 
allocation for patients with ACLE.'° Driven by the presence of 
multiorgan failure, subjects with ACLF often have high MELD 
scores. Patients with high MELD score (>35) have higher waitlist 
mortality than Status 1 patients.” However, the presence of 
cerebral edema, intracranial bleeding, active infection, and hemo- 
dynamic instability that may be present in persons with ACLF are 
relative contraindications to LT."* 

Recent data suggest that highly selected patients with alcoholic 
hepatitis may have acceptable outcomes after LT." In a single- 
center European cohort inclusive of ACLF with acute alcoholic 
hepatitis (mean MELD score 28, 144 subjects), infections were 
observed in more than 50% of the patients and waitlist mortality 
overall was 54%; only 10 persons survived without LT over a 
median follow-up of 1.5 years. Of the selected number evaluated 
for LT (94/144), 71 were listed and 33 underwent LT. In the 
carefully selected population of 33 patients who underwent LT, 
the 1- and 5-year survival rates of 87% and 82% were comparable 
to the survival rates for non-ACLF patients. Subjects with better 
renal function and lower CRP were more likely to get LT as 
compared with those with sepsis or those needing mechanical 
ventilation. Bahirwani et al. examined subjects with ACLF 
between 2002 and 2006 (50% hepatitis C) at a large American 
transplant center. ACLF was defined as a rise in MELD score of 
5 points within 4 weeks before LT.'°° There was no significant 
difference in deaths posttransplant or renal failure after LT among 
patients with ACLF as compared with the rest of the population. 
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ACLF was not a predictor of death after LT but was a significant 
predictor when simultaneous liver-kidney transplant (SLKT) was 
included. In another recent single-center study from China (100 
patients, 2004-2012, mean MELD 32), the posttransplant 1- and 
5-year cumulative survival rates were 76.8% and 74.1%, respec- 
tively.''° No study performed a comparison between persons with 
ACLF and those with chronic decompensation matched for 
disease severity by the MELD score. 

The role of living donor LT has also been evaluated for subjects 
with ACLF due to reactivation of hepatitis B virus infection." 
In a single-center study, outcomes of subjects with ALF, cirrhosis, 
ACLF due to reactivation of hepatitis B, and ACLF due to other 
causes were compared. A majority of 146 patients with ACLF 
underwent living-donor LT but 46 patients received deceased 
donor LT. The 5-year survival rate was 93% for persons with 
ACLF due to reactivation of hepatitis B, 90% for other causes of 
ACLE, 79% for persons with other causes of cirrhosis, and 91% 
for persons with ALF, Overall hepatitis B was disproportionately 
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represented across all the etiologies and the presence of infection 
was not a contraindication to LT." 

The role of SLKT for ACLF patients with renal dysfunction 
was examined among persons undergoing deceased donor trans- 
plantation in China (133 subjects, 2001-2009).'* The survival 
rate for those without renal dysfunction was 72% at 5 years, 
which was comparable to 82% for patients who underwent simul- 
taneous liver kidney transplantation. However, 5-year survival in 
subjects with ACLF due to hepatitis B who had hepatorenal syn- 
drome and underwent LT was only 56%. 


Conclusion 


ACLF is an increasingly recognized entity associated with high 
mortality. The pathogenesis of inflammation and organ failure, 
and optimal management are the subject of intensive investigation 
across continents. More data are required before ACLF can be 
accurately defined and treated. 


SUMMARY 


e CLF is a syndrome characterized by hepatic failure (coagulopathy and 
jaundice) and one or more extrahepatic organ failures in patients with 
chronic liver disease. 

e The prevalence of ACLF ranges from 12% to 40% in hospitalized 
cirrhotic patients. 

e The pathophysiology of ACLF may be described using the PIRO system, 
namely predisposition (underlying liver disease), insult (precipitating 
event), response to injury (inflammation), and organ failure. 

e Common precipitants of ACLF include patients with chronic liver disease 
with hepatitis B reactivation or superimposed acute viral hepatitis, such 
as hepatitis E, alcoholic hepatitis, DILI, bacterial infections, major surgery, 
or gastrointestinal bleeding. 

e The presence of multisystem organ failure differentiates ACLF from 
decompensated cirrhosis. The number of failing organs has important 
prognostic significance. 

e Management of ACLF includes addressing the precipitant event and 
supportive care of ensuing organ failures. Bioartificial liver support 
systems and investigational hepatic regenerational therapies may 
have a role. 


References 


e Patients with ACLF benefit from LT without increased risk for 
posttransplant complications. The MELD score may be the appropriate 
system to prioritize organ allocation for LT in this group. 


Key Knowledge Gaps 

Reconciliation of heterogeneous definitions 

Economic cost and burden of ACLF regional and worldwide 
Prognostic models that are predictive rather than reflective of ACLF 
Risk stratification for early intervention versus futile therapy 

Role of noninvasive markers to identify at-risk patients 

Prospective collection of samples to establish biobanks 
Development of animal models of ACLF 

Further study on inflammation and development of ACLF 
Standardized protocols for intensive care therapy 

Adjunct therapy for ACLF aimed at hepatic regeneration: e.g., role of 
G-CSF 

Drug development 

e Define role of liver support devices and LT 


The complete reference list is available at www.expertconsult.com. 
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ABBREVIATIONS 


2-AG 2-arachidonoylglycerol 

ACC acetyl-CoA carboxylase 

ADH alcohol dehydrogenase 

AH alcoholic hepatitis 

ALD alcoholic liver disease 

ALDH aldehyde dehydrogenase 

ALT alanine aminotransferase 

AMPK AMP-activated protein kinase 
AP-1 activator protein-1 transcription factor 
ASH alcoholic steatohepatitis 

AST aspartate aminotransferase 

BAC blood alcohol concentration 

C1qa subcomponent of complement C1 
C3 complement component 3 

CCL chemokine (C-C motif) ligand 
CPT1 carnitine palmitoyltransferase | 
CYP2E1 cytochrome P450 2E1 

CXCL C-X-C motif chemokine 

DC dendritic cells 

EGR1 early growth response 1 

ER endoplasmic reticulum 

FFA free fatty acids 

GGT y-glutamyl transferase 

GRO-a growth-regulated alpha protein 
HCC hepatocellular carcinoma 

HCV hepatitis C virus 

HFD high-fat diet 

HIF-3 hypoxia inducible factor-3 

HSC hepatic stellate cell 

IL interleukin 


Introduction 


Alcoholic beverages have been used, and abused, by many cultures 
since the dawn of time. Whereas some drinking behavior involves 
symbolic cultural and religion-specific aspects, which effectively 
limit icts potentially harmful consequences, the pattern of indi- 
vidual drinking varies and is important in determining health 
or disease. The majority of adult social drinkers enjoy moderate 
alcohol consumption as a part of a healthy lifestyle, causing no 
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IM infiltrating macrophage 

iNOS inducible nitric oxide synthase 

IRF3 interferon regulatory factor 3 

JNK c-Jun N-terminal kinases 

LPS lipopolysaccharide 

MAA malondialdehyde-acetaldehyde adduct 

NAD* oxidized nicotinamide adenine dinucleotide 

NADH reduced nicotinamide adenine dinucleotide 

NADP* oxidized nicotinamide adenine dinucleotide phosphate 

NADPH reduced nicotinamide adenine dinucleotide phosphate 

NASH nonalcoholic steatohepatitis 

NF-«B nuclear factor kappa B 

NK natural killer 

NKT natural killer T 

PDGF platelet-derived growth factor 

PKCe protein kinase C-epsilon 

PMM polymorphonuclear monocyte 

PNPLA3 patatin-like phospholipase domain-containing protein 3 

PPAR peroxisome proliferator-activated receptor 

ROS reactive oxygen species 

SIRT-1 sirtuin 1 (mammalian ortholog of silent information 
regulator Sir2) 

SREBP sterol regulatory element-binding protein 

STAT3 signal transducer and activator of transcription 

TGF transforming growth factor 

TLR4 toll-like receptor 4 

TNF tumor necrosis factor 

TRAIL TNF-related apoptosis-inducing ligand 

TRIF TIR-domain-containing adapter-inducing interferon-B 


harm to the drinker or society. Moderate drinking, defined in 
the dietary guidelines in the United States as up to one drink 
per day for women or two drinks per day for men, normally 
does not cause liver damage.’ By contrast, excessive unbridled 
consumption of alcohol causes health problems to individuals and 
harm to society. Regarding the liver, chronic heavy drinking con- 
sistently results in a continuum of alcoholic liver disease (ALD), 
which is characterized by a spectrum of histologic lesions ranging 
from fatty liver (steatosis) in the majority of excessive drinkers to 
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steatohepatitis and fibrosis in approximately 35%, and approxi- 
mately 10% progress to cirrhosis.” Among patients with cirrho- 
sis, approximately 1% to 2% develop hepatocellular carcinoma 
(HCC).° The progression and natural course of ALD depend on 
the pattern of drinking,’ and on various aspects including genetic 
and environmental factors, as well as other comorbid conditions 
such as viral infections, obesity, and inherited metabolic diseases, 
as well as diet and medications.*” In addition, alcoholic hepa- 
titis, a severe form of ALD, can occur in patients with chronic 
ALD and a history of recent excessive alcohol consumption, and 
it is associated with high mortality. The necro-inflammatory 
process associated with alcoholic hepatitis causes rapid progres- 
sion to fibrosis and cirrhosis in the surviving 40% of cases.° This 
chapter discusses the epidemiology of ALD and focuses on the 
pathogenesis of ALD. 


Epidemiology of Alcoholic Liver Disease 


The association between alcohol consumption and liver damage 
has been known for centuries, and severe liver damage develops 
in 30% to 40% of heavy drinkers.'' Liver cirrhosis and HCC are 
considered to constitute end-stage liver disease (ESLD) and are 
associated with high mortality. The incidence and prevalence of 
cirrhosis vary significantly from one region to another, based 
largely on causative factors. For instance, alcohol abuse, nonalco- 
holic steatohepatitis, and hepatic C virus (HCV) infection are the 
leading causes of cirrhosis in the developed world.’ By contrast, 
HBV is considered the leading cause in China and Asia.” In 2001, 
cirrhosis was the sixth and ninth most common cause of death 
among adults in developed and developing countries, respectively, 
claiming approximately 320,000 lives in developing countries. 
According to the WHO, approximately 600,000 people die annu- 
ally due to the acute or chronic consequences of HBV infection, 
which is endemic in Asia.” Globally, HBV- or HCV-attributable 
cirrhosis accounted for 30% and 27% of cases, respectively; simi- 
larly, HCC attributable to HBV or HCV constituted 53% and 
25% of cases, respectively.’ In the European Union alone, the 
annual death rates are approximately 170,000 and 47,000 from 
cirrhosis and HCC, respectively. '* In 2002, approximately 46,700 
individuals died from liver cirrhosis and cancer in the USA,” 
whereas in China, approximately 383,000 people die from liver 
cancer every year. '? 

Epidemiologic studies have suggested a dose-response relation- 
ship between the amount of alcohol consumed and the risk of 
cirrhosis. In France, mortality rates (during 1925-1964) from liver 
cirrhosis were estimated at 0.014% and 0.357% in individuals 
who drank less than 80 g (5.7 drinks) and greater than 160 g 
(11.4 drinks)/day, respectively. More recently, the Dionysos 
study assessed the prevalence of alcoholic cirrhosis in a general 
population in northern Italy and reported that the incidence of 
cirrhosis was higher in subjects who consumed greater than or 
equal to 30 g/day (2.2%) compared with abstainers (0.08%),'° 
whereas those who consumed more than 120 g/day (>8.5 drinks/ 
day) had a cirrhosis prevalence of 13.5%. A meta-analysis pub- 
lished in 1998 showed that consuming greater than 25 g/day 
increased the relative risk of cirrhosis.” Globally, it was estimated 
that 14,000 women and 66,000 men died from alcohol-induced 
HCC in 2010." In recent years, a decrease in cirrhosis mortality 
in most countries of the world was attributed to reductions in 
alcohol consumption and hepatitis B and C virus infections.” In 
Denmark, between 2006 and 2011, the overall ALD incidence 
decreased from 343 to 311 per million population per year due 
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to a decrease in per capita alcohol consumption.”” Conversely, in 
Hungary and other Eastern European countries, as well as in 
Ireland and Scotland, high per capita alcohol consumption was 
accompanied by a marked increase in cirrhosis mortality, with 
rates in Scotland reaching 42.2 and 20 in 100,000 per year in 
men and women, respectively.” In China, the number of patients 
with ALD has been rising at an alarming rate over the last 20 
years, and ALD has become a leading cause of chronic liver 
disease.” 


Ethanol Metabolism 


Ingested ethanol (alcohol) is readily absorbed from the gastro- 
intestinal tract, and the rate of absorption is influenced by the 
amount of alcohol consumed, the rate at which it is consumed, 
and the prandial state. Alcohol consumed with food is usually 
absorbed at a slower rate than that consumed on an empty 
stomach, resulting in a less steep increase in blood alcohol con- 
centration (BAC). BAC is also influenced by body weight, sex, 
and nonsex genetic factors pertaining to alcohol metabolism, and 
whether or not the person is a habitual drinker. Only approxi- 
mately 2% to 10% of the absorbed alcohol is eliminated via the 
lungs, in the sweat and via the kidneys; the remaining 90% is 
metabolized mainly via oxidative pathways in the liver and, to a 
far lesser extent, via nonoxidative pathways in extrahepatic tissues, 
such as the pancreas.” ** Alcohol metabolism produces 7.1 kcal/g, 
and as such, it is the preferred fuel in the body. 

Oxidative metabolism in the liver is carried out primarily by 
cytosolic alcohol dehydrogenase (ADH, of which multiple isoen- 
zymes exist) to produce acetaldehyde, a highly reactive molecule 
that can contribute to liver damage (Fig. 22-1). This oxidation is 
accompanied by the reduction of NAD* (nicotinamide adenine 
dinucleotide) to NADH, thereby generating a highly reduced 
cytosolic environment in hepatocytes. The cytochrome P450 
isozyme CYP2E1, which is present predominantly in the endo- 
plasmic reticulum, also contributes to ethanol oxidation to acet- 
aldehyde in the liver, particularly after chronic ethanol intake. 
CYP2E1 is induced by chronic ethanol consumption and assumes 
an important role in metabolizing alcohol to acetaldehyde at 
elevated alcohol concentrations. In addition, CYP2E1-dependent 
ethanol oxidation can occur in other tissues in which ADH activ- 
ity is low. Oxidation of alcohol by CYP2E1 also produces highly 
reactive oxygen species (ROS), including hydroxyethyl, superox- 
ide anion, and hydroxyl radicals. ROS production is exacerbated 
by hypoxia and lipopolysaccharide leakage from the gut, which 
activates Kuppfer cells. Another enzyme, catalase, which is located 
in the peroxisomes, is capable of oxidizing ethanol in the presence 
of a hydrogen peroxide (HO) generating system (see Fig. 22-1). 
Alcohol oxidation by catalase is considered a minor pathway of 
alcohol oxidation.” 

Acetaldehyde, produced by all of the oxidative pathways, is 
rapidly metabolized to acetate, primarily by mitochondrial alde- 
hyde dehydrogenase (ALDH2), to form acetate and NADH (see 
Fig. 22-1). Acetate enters the circulation and ultimately is prefer- 
entially used as an energy source for the brain, heart, and skeletal 
muscles. Mitochondrial NADH is oxidized by the electron trans- 
port chain, resulting in further augmentation of ROS production. 
In addition, chronic alcohol consumption depletes glutathione, 
which protects against ROS, thereby rendering hepatocytes more 
sensitive to oxidative stress.” 

The increase in NADH in the cytosol due to ethanol metabo- 
lism by ADH results in extensive displacement of the liver’s 
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e Fig. 22-1 Ethanol metabolism. Alcohol is oxidatively metabolized primarily in the liver (hepatocytes). 
Cytosolic ADH is the major enzyme to covert ethanol into acetaldehyde; whereas mitochondrial ALDH2 
is the main enzyme to convert acetaldehyde into acetate. ADH, Alcohol dehydrogenase; ALDH2, aldehyde 
dehydrogenase 2; CYP2E71, cytochrome P450 2E1; NAD*, oxidized nicotinamide adenine dinucleotide; 
NADH, reduced nicotinamide adenine dinucleotide; NADP+, oxidized nicotinamide adenine dinucleotide 
phosphate; NADPH, reduced nicotinamide adenine dinucleotide phosphate. 


normal metabolic substrates, decreases fat and protein oxidation, 
and almost completely abolishes carbohydrate metabolism, result- 
ing in hypoglycemia.” The process also results in ketoacidosis, 
which is common in chronically malnourished alcoholics due to 
the formation of ketone bodies, primarily B-hydroxybutyrate. 
Heavy alcohol consumption increases the synthesis of triglycer- 
ides, resulting in fatty liver and hypertriglyceridemia, and it can 
exacerbate diabetic hypertriglyceridemia. The increase in the 
NADH/NAD* ratio results in an increase in &-glycerophosphate, 
which favors hepatic triglyceride accumulation and also inhibits 
mitochondrial B-oxidation of fatty acids.” In addition, the 
increase in NADH increases the ratio of 17-B-hydroxy to 17-keto- 
steroids, and influences the expression of genes that might play a 
role in ethanol-induced liver injury. >” Furthermore, alcohol 
metabolism diminishes retinoic acid formation and epithelial dif- 
ferentiation, and increases 5-hydroxy-tryptophol. 

Several genes pertaining to alcohol-metabolizing enzymes 
exhibit functional polymorphisms and ethnic variations, which 
alter the rate of ethanol metabolism, and are associated with 
susceptibility to addiction, organ damage, and cancer.™”” The 
most pronounced effect of ethanol-metabolizing gene polymor- 
phism is the ALDH2*2 allele, which has much lower activity than 
wild-type ALDH2*1.” ALDH2 is a tetramer which metabolizes 
acetaldehyde to acetate, and one defective subunit is sufficient 
to render the entire enzyme inactive. People who have inactive 
ALDH2*1/2*2 heterozygotes and inactive ALDH2*2/2*2 homo- 
zygotes have 90% and 99% reduced ALDH2 activity, respec- 
tively.” Approximately 30% to 40% of the East Asian population 
carry the ALDH2*2 allele, and these individuals exhibit high 
blood acetaldehyde levels after alcohol consumption and an 


acetaldehyde-mediated “flushing syndrome,” which includes 
facial flushing, palpitations, drowsiness, and other unpleasant 
symptoms.””*' However, many individuals who have inactive 
ALDH2*1/2*2 heterozygotes nevertheless drink heavily and 
exhibit high levels of acetaldehyde, even after the intake of only 
a moderate amount of alcohol. For example, one study reported 
that individuals who have inactive ALDH2*1/2*2 heterozygotes 
and consumed even a small amount of ethanol (0.1 g/kg), they 
exhibited higher peak blood acetaldehyde levels than those who 
are active ALDH2*1/2*1 homozygotes and consumed a moder- 
ate amount of ethanol (0.8 g/kg). Although acetaldehyde has 
been shown to be toxic to hepatocytes in vitro,” the precise 
in vivo effects of inactive ALDH2-associated acetaldehyde accu- 
mulation in ALD are not clear. A recent study reported that 
ALDH?2-deficient mice had a lower degree of steatosis and lower 
levels of serum ALT but had higher levels of liver inflammation 
and fibrosis after ethanol and/or carbon tetrachloride administra- 
tion.” Mechanistically, ethanol-fed ALDH2-deficient mice exhib- 
ited acetaldehyde and malondialdehyde-acetaldehyde adduct 
(MAA) accumulation, increased inflammation-associated hepatic 
interleukin-6 (IL-6) and its downstream signal transducer and 
activator of transcription 3 (STAT3) activation. Activated STAT3 
subsequently promoted alcoholic liver inflammation and fibrosis. 
The activation of IL-6/STAT3 also played a compensatory role 
in ameliorating steatosis and hepatocellular damage, resulting in 
reduced levels of serum ALT in ALDH2-deficient mice follow- 
ing ethanol feeding. Therefore, people with ALDH2 deficiency 
might not have obvious fatty livers or elevated blood ALT levels 
after moderate or even heavy drinking, but they might have liver 
inflammation and fibrosis and should be carefully monitored. 
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Alcoholic Fatty Liver 


Alcoholic fatty liver (steatosis) is the earliest manifestation of 
heavy drinking and it occurs in approximately 90% of subjects; 
however, approximately 35% of those with steatosis progress to 
steatohepatitis (characterized by inflammation and infiltration 
of polymorphonuclear cells, hepatocyte damage, and formation 
of Mallory-Denk bodies), and approximately 10% of patients 
develop cirrhosis.** Whereas steatosis is asymptomatic and is 
usually reversible upon cessation of alcohol consumption, cirrho- 
sis carries a high risk of complications, including ascites, hepatic 
encephalopathy, variceal bleeding, bacterial infections, and renal 
failure. Patients with steatosis have been reported to have a lower 
rate of long-term survival than that of abstinent controls.” 
While hepatic steatosis is considered a relatively innocuous side 
effect of heavy drinking, this clinical condition, nonetheless, also 
develops in situations that involve significant metabolic defects 
such as obesity, metabolic syndrome, and Type 2 diabetes. Thus, 
steatosis per se represents metabolic stress that could be a risk 
factor for the development of more severe forms of liver disease. 


Both intrahepatic and extrahepatic factors are involved in alcohol- 
induced steatosis.*°*” 

Because the liver is the predominant site of ethanol metabo- 
lism, steatosis due to heavy alcohol consumption has been attrib- 
uted to metabolic stress and increase in NADH as described 
earlier.’ In addition, the following intrahepatic alcohol effects 
contribute to steatosis (Fig. 22-2): (1) suppression of mitochon- 
drial fatty acid B-oxidation; (2) enhancement of hepatic uptake 
of free fatty acids from the circulation; (3) increase in de novo 
synthesis of fatty acids and triglycerides; and (4) derailment of 
lipoprotein synthesis and secretion.**’’ The ethanol-induced ste- 
atosis is further exacerbated by defects in the methionine cycle, 
resulting in a decrease in glutathione synthesis, a primary line of 
defense against oxidative stress. In addition, chronic ethanol con- 
sumption results in significant changes in the profile of transcrip- 
tion factors that regulate lipid homeostasis in the liver (see Fig. 
22-2)°***” including: (1) a decrease in peroxisome proliferator- 
activated receptor (PPAR)-a activity, thereby suppressing the 
catabolic lipid metabolic pathways, including peroxisomal and 
mitochondrial fatty acid oxidation; (2) an increase in the activity 
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e Fig. 22-2 Mechanisms underlying the development of alcoholic fatty liver. Alcohol consumption 
up-regulates expression of SREBP-1c and down-regulates expression of PPAR-a via activation of various 
factors, followed by induction of fatty acid synthesis and inhibition of fatty liver B-oxidation, respectively, 
resulting in steatosis. Alcohol exposure also reduces AMPK activation and subsequently attenuates ACC 
activity but enhances CPT-1 activity, resulting in an increase in fatty acid synthesis but a decrease in 
fatty acid B-oxidation. Alcohol consumption also increases NADH/NAD* ratio, followed by inhibition of 
mitochondrial B-oxidation. Finally, alcohol consumption can also affect many factors (include HIF-1, C3, 
Ciqa, PKCe, and iNOS) that subsequently contribute to the development of steatosis, but the underly- 
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of sterol regulatory element-binding protein (SREBP)-lc and 
SREBP-2, which enhances lipid synthetic pathways; (3) inhibi- 
tion of the deacetylase sirtuin (SIRT)-1, due to changes in NAD 
redox state in the liver during ethanol oxidation; and (4) inhibi- 
tion of the AMP-activated protein kinase (AMPK), followed by 
elevation of lipid synthesis and down-regulation of fatty acid beta 
oxidation. 

Extrahepatic factors involved in lipid metabolism in the liver, 
the synthesis and secretion of which are impacted by chronic 
heavy alcohol consumption, include circulating hormones, cyto- 
kines, nutrition and other factors that impinge on the intrahepatic 
processes leading to steatosis (see Fig. 22-2).°°*’ While cytokines 
released from Kupffer cells, endothelial cells, or stellate cells are 
intrahepatic factors, others are dispatched by remote tissues 
including insulin, adiponectin and leptin (secreted from adipose 
tissue), and stress hormones and satiety factors that act through 
the hypothalamus or other brain structures.**** 


Alcoholic Steatohepatitis 


Approximately 20% to 40% of heavy drinkers with fatty liver also 
develop liver inflammation, which is known as alcoholic steato- 
hepatitis (ASH). Several types of inflammatory cells are found in 
ASH. These include neutrophils, activated Kupffer cells, infiltrat- 
ing macrophages (IMs), T cells, and natural killer T (NKT) cells, 
among others, which play complex roles in the pathogenesis of 
ALD (Fig. 22-3). 


Infiltration of Neutrophils 


Infiltration of polymorphonuclear (PMN) cells in cirrhotic livers 
from alcoholic patients was reported more than 100 years ago,” 
and the term alcoholic hepatitis (hepatitis means inflammation in 
the liver) was first proposed in 1961.“ Infiltration of neutrophils 
is a hallmark of ASH, which has been well recognized and is 
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e Fig. 22-3 Mechanisms underlying inflammation in ALD. Excessive alcohol consumption induces liver 
inflammation via the activation of innate and adaptive immunity. For the activation of innate immunity, 
alcohol consumption up-regulates a variety of factors that induce activation of Kupffer cells, HSCs, and 
hepatocytes to produce cytokines and chemokines, inducing parenchymal infiltration of neutrophils and 
macrophages, which is a prominent feature of ALD. Alcohol exposure also decreases proteasome activity, 
followed by elevation of IL-8 expression in hepatocytes. For the activation of adaptive immunity, alcohol 
consumption induces ROS and formation of many protein adducts, which may serve as antigens to 
activate adaptive immune response, resulting in accumulation of T and B cells in the liver. ALD, Alcoholic 
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believed to induce hepatocellular damage by releasing ROS and 
proteases.*' However, neutrophils also play an important role in 
promoting liver repair by removing dead cell debris and secreting 
growth factors.“'“* A recent study reported that infiltration of 
PMN leukocytes was associated with better prognosis in patients 
with AH.“ This beneficial effect of PMN is believed to be medi- 
ated by promoting liver regeneration and suppressing bacterial 
infection. Over the last 20 years, multiple mechanisms underlying 
hepatic neutrophil infiltration in ALD have been identified. First, 
excessive alcohol consumption is known to elevate bacteria- 
derived products in the liver by inducing gut bacterial overgrowth 
and dysbiosis, and by enhancing gut permeability.“ In addition, 
heavy alcohol consumption causes hepatocyte damage resulting 
in the release of cell debris and nucleic acids. These bacteria- 
derived and damaged hepatocyte—derived inflammatory media- 
tors can induce the activation of neutrophils. Second, a large 
number of chemokines, chemokine receptors, and adhesion 
molecules are highly elevated and likely contribute to hepatic 
infiltration in patients with AH.” Third, in animal models, 
chronic ethanol feeding induces low levels of hepatic neutrophil 
infiltration; whereas chronic-plus-binge ethanol feeding causes 
significant neutrophil infiltration, which contributes to liver 
injury. ^“ These findings suggest that acute binge drinking trig- 
gers hepatic neutrophil infiltration and liver injury in chronically 
ethanol-fed mice. Using this chronic-plus-binge ethanol feeding 
model, researchers have identified several factors that contribute 
to hepatic neutrophil infiltration. These factors include elevation 
of hepatic E-selectin“ and activation of hepatic NKT cells. 


Activation of Kupffer Cells and 
Infiltrating Macrophages 


‘The liver contains a large number of resident macrophages (known 
as Kupffer cells). Many early studies from animal models of ALD 
suggest that activation of Kupffer cells by gut-derived endotoxin 
plays an important role in inducing liver injury via the production 
of ROS and proinflammatory mediators.”””’ A recent study sug- 
gests that chronic ethanol feeding activates Kupffer cells and sub- 
sequently recruits infiltrating macrophages (IMs). These IMs 
exhibit two subsets: Ly6C"" IMs reveal a proinflammatory and 
tissue-damaging phenotype; whereas Ly6C'” IMs exhibit an anti- 
inflammatory and tissue-protective phenotype.” After phagocy- 
tosis of apoptotic hepatocytes, the proinflammatory Ly6C"®* IMs 
switch to the antiinflammatory and tissue-protective Ly6C'’™” IMs. 
An acute binge of ethanol or lipopolysaccharide (LPS) injection 
increases the ratio of Ly6C™' to Ly6C'™ in chronically ethanol- 
fed mice, which is correlated with persistent inflammation and 
elevated liver injury. Thus, IMs not only contribute to liver 
injury but they also promote liver repair, playing complex roles 
in the pathogenesis of ALD. 


Activation of Natural Killer T Cells 


NKT cells are a heterogeneous group of lymphocytes expressing 
both NK cell and T-cell receptor (TCR) markers that recognize 
glycolipid antigens presented by the nonclassical major histocom- 
patibility complex class I-like molecule CD1d. NKT cells func- 
tion as a bridge between innate and adaptive immunity, playing 
important roles in host defense against pathogen infection and 
tumor transformation.” In the liver, NKT cells are enriched, and 
they have been implicated in the pathogeneses of liver injury, 
inflammation, and fibrosis.’ Several recent studies have shown 


that NKT cells are activated after chronic-plus-binge ethanol 
exposure and contribute to liver injury and inflammation under 
these acute-on-chronic liver injury conditions.” Activated NKT 
cells not only directly kill hepatocytes, but they also promote 
hepatic neutrophil infiltration via the production of various 
inflammatory mediators, resulting in alcoholic liver injury.” 


Activation of Adaptive Immunity 


Circulating antibodies against lipid peroxidation adducts, and the 
number of T cells in the liver are elevated in patients with AH, 
suggesting that adaptive immunity is activated in ALD.”*® Exces- 
sive alcohol drinking induces oxidative stress, followed by the 
generation of lipid peroxidation products such as malondialde- 
hyde and 4-hydroxynonenal. These products form protein adducts 
that can serve as antigens to induce the activation of adaptive 
immunity.*°’ However, how adaptive immunity contributes to 
the pathogenesis of ALD remains largely unknown. 


Inflammatory Mediators (Cytokines 
and Chemokines) 


A large number of inflammatory mediators, which are highly ele- 
vated in ASH samples,” probably work together either additively 
or synergistically, to induce liver inflammation in ASH patients 
by targeting various types of inflammatory cells, nonparenchymal 
cells, and parenchymal cells in the liver.“ Earlier studies suggested 
that tumor necrosis factor (TNF)-o plays an important role in 
inducing alcoholic liver injury in animal models and that activa- 
tion of the LPS—Kupffer cells-TNF-a axis is probably the best 
characterized mechanism that contributes to the pathogenesis of 
ALD.” However, anti-TNF-o treatment did not show any benefits 
in patients with alcoholic hepatitis (AH), suggesting that TNF-a 
is not the only essential factor in promoting AH.” Throughout 
the last 2 decades, many other inflammatory mediators have also 
been identified as playing important roles in inducing alcoholic 
liver injury and inflammation in animal models. These mediators 
include complements, LPS, IL-1, IL-8, IL-17, osteopontin, free 
fatty acids, chemokine (C-C motif) ligand (CCL)2, C-X-C motif 
chemokine (CXCL)1, etc. Some of these factors (e.g., IL-1) 
are currently under investigation to be used as therapeutic targets 
in clinical trials for the treatment of AH.’ 


Alcoholic Hepatitis 


Whereas ASH is a pathologic diagnosis based on liver histology 
characterized by steatosis, infiltration of neutrophils, hepatocyte 
ballooning, Mallory-Denk hyaline inclusions, and chick wire—like 
fibrosis; AH is a diagnosis based on clinical syndromes that 
include a rapid onset of jaundice, hepatomegaly, fever, neutro- 
philia, and an AST/ALT ratio greater than 2.° AH is acute-on- 
chronic liver injury, which often occurs in alcoholic patients who 
have chronic ALD. AH can occur in patients with any stage of 
ALD, and the short-term mortality rate is very high in those with 
liver cirrhosis. 

AH patients are likely to have ASH on liver histology, but the 
factors that trigger the sudden onset of AH remain largely 
unknown. Because most AH patients have a history of long-term 
drinking plus recent excessive binge drinking, acute binge drink- 
ing is likely to be an important factor that triggers AH. This 
notion has been further supported by recent studies from animal 
models showing that acute gavage of ethanol feeding dramatically 
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increased liver inflammation and damage in mice chronically fed 
an ethanol diet.“ 


Alcoholic Fibrosis and Cirrhosis 


Excessive alcohol consumption causes chronic liver injury, which 
can progress to liver fibrosis and cirrhosis and which accounts for 
approximately 48% of cases of liver cirrhosis in the United 
States.°° Alcohol consumption is also a major cofactor that exac- 
erbates liver fibrosis and cirrhosis progression in patients with viral 
hepatitis and nonalcoholic fatty liver disease. 

Liver fibrosis is characterized by excessive accumulation of 
collagen and other extracellular matrix proteins, constituting a 
wound-healing response to nearly any type of chronic liver injury, 
including ALD.” Although several cell types have been shown 
to produce extracellular matrix proteins, activated hepatic stellate 
cells (HSCs) are considered the major cell type responsible for 
the production of these proteins.” Throughout the last 30 years, 
researchers in the field of liver fibrosis have made significant 
progress in understanding HSC activation and a wide variety 


of factors have been identified that can promote their activation 
and proliferation.” Among these factors, transforming growth 
factor (TGF)-B is probably the most potent stimulator of HSC 
activation; whereas platelet-derived growth factor (PDGF)-B is 
the most potent factor that promotes HSC proliferation.” Many 
other growth factors (e.g., EGF, HGF, CTGF), cytokines (e.g., 
IL-6, TNF-a), chemokines (e.g., CXCL1, MCP-1), and adipo- 
kines (e.g., leptin) have been shown to induce HSC activation 
and proliferation, thereby promoting liver fibrogenesis.” Most 
likely, these factors commonly contribute to the development and 
progression of liver fibrosis caused by different etiologies includ- 
ing ALD (Fig. 22-4),”' viral hepatitis, and NASH. In addition, in 
alcoholics the alcohol metabolite acetaldehyde and its byproducts 
(e.g., adducts including malondialdehyde, 4-hydroxynonenal, and 
malondialdehyde-acetaldehyde) can also directly induce HSC acti- 
vation and stimulate liver fibrosis.” Moreover, chronic alcohol 
consumption induces gut bacterial overgrowth and dysbiosis, and 
it subsequently elevates hepatic levels of endotoxins and other 
bacteria-derived products. These products can activate HSCs and 
exacerbate liver fibrosis.’*”* Finally, excessive alcohol consumption 
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e Fig. 22-4 Mechanisms underlying liver fibrosis in ALD. Alcohol consumption causes hepatocyte 
damage, which then releases a variety of mediators and subsequently induces HSC activation. Acetal- 
dehyde can directly target HSCs and up-regulates expression of collagens on these cells. Moreover, 
alcohol consumption results in elevation of LPS levels in the liver. LPS can directly enhance HSC activation 
via up-regulation of TGF-B signaling, or indirectly promote HSC activation via activation of Kupffer cells. 
Finally, NK cells are activated during viral hepatitis or IFN-a therapy. Activated NK cells can kill HSCs via 


release TRAIL or 


inhibit HSC proliferation and activation via releasing IFN-y, playing an important role in 


inhibiting liver fibrosis. Alcohol consumption suppresses the antifibrotic effects of NK cells and IFN-y, 
thereby promoting liver fibrosis. ALD, Alcoholic liver disease; HSC, hepatic stellate cell; /FN, interferon; 
LPS, lipopolysaccharide; NK, natural killer; ROS, reactive oxygen species; TGF transforming growth 
factor; TLR4, toll-like receptor 4; TRAIL, TNF-related apoptosis-inducing ligand. 
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can block several antifibrotic pathways, thereby exacerbating liver 
fibrosis. One important type of antifibrotic cell is the natural 
killer (NK) cell, which plays an important role in inhibiting liver 
fibrogenesis by killing activated HSCs or producing IFN-y, which 
induces HSC death and cell cycle arrest.’”””° Excessive alcohol 
consumption markedly attenuates the antifibrotic functions of 
NK cells, thereby exacerbating liver fibrogenesis.” 


Alcoholic Liver Cancer 


Similar to cirrhosis caused by any other etiology, alcoholic cir- 
thosis is also a major risk factor for hepatocellular carcinoma 
(HCC). Multiple mechanisms have been identified that promote 
HCC development in cirrhosis, including alcoholic cirrhosis. 
These mechanisms include telomere shortening (which causes 
chromosomal instability), loss of tumor suppressor genes, activa- 
tion of oncogenic pathways, impairment of hepatocyte prolif- 
eration, activation of HSCs, and inflammation.” In addition, 
the ethanol metabolite acetaldehyde, which is a carcinogen with 
mutagenic properties, can directly promote the development 
and progression of HCC. Alcohol consumption induces hepatic 
expression of CYP2E1, which can convert a variety of procarci- 
nogenic compounds in food and beverages into carcinogens that 
induce HCC. Finally, excessive alcohol consumption is associ- 
ated with immunosuppression, which can abolish the immune 
surveillance against HCC formation. Despite the existence of 
these unique mechanisms underlying HCC development in ALD, 
the HCC incidence is lower in alcoholic cirrhosis than in viral 
hepatitis-associated cirrhosis,” perhaps because viral hepatitis 
infection is associated with greater levels of inflammation and 
several viral proteins (e.g., HBX, HCV core protein) have onco- 
genic properties. 


Risk Factors for Alcoholic Liver Disease 


Although fatty liver occurs in more than 90% of heavy drinkers, 
only 20% to 40% of them develop more severe forms of disease, 
such as ASH, and only 10% progress to cirrhosis, suggesting that 
other factors influence ALD development and progression. So 
far, female sex, obesity, binge drinking, and cigarette smoking 
have been identified as risk factors for the development of ALD. 
The increased susceptibility to ALD in women is probably due 
to a higher proportion of body fat, and the presence of estrogens. 
Obesity and excessive alcohol consumption have been shown to 
accelerate liver injury in patients and animal models, and it is 
mediated via the induction of endoplasmic reticulum response 
to cell stress, macrophage activation, adiponectin resistance, and 
elevation of CXCL1.*°*' A recent study reported that a single 
exposure to oral binge drinking of ethanol can trigger acute ste- 
atohepatitis in the presence of short-term or long-term HFD 
feeding, emphasizing the risk of even episodic binge drinking 
in obese/overweight individuals.*' Severe AH often occurs in 
patients with chronic ALD and recent episodes of binge drinking, 
suggesting that binging or irregular patterns of drinking are risk 
factors for the development of AH.” Genetic factors can affect 
the susceptibility to ALD development, and many gene polymor- 
phisms have been implicated in the development of ALD. These 
polymorphisms include TNF-a, IL-1B, IL-1R antagonists, IL-2, 
IL-6, IL-10, toll-like receptor 4 (TLR4), IRAK-M, superoxide 
dismutase and gluthatione-S-transferase (two potent antioxidant 
enzymes), and patatin-like phospholipase domain—containing 
protein 3 (PNPLA3).°** Among them, the PNPLA3 148M 


variant is probably the only confirmed and replicated genetic risk 
factor for ALD” ®; whereas other gene variants have not been 
conclusively proved to contribute to the pathogenesis of ALD. 
PNPLA3, alternatively referred to as adiponutrin, hydrolyzes 
acylglycerols with maximal activity against the three major glyc- 
erolipids: triacylglycerol, diacylglycerol, and monoacylglycerol. 
Recent studies have suggested that the PNPLA3 148M variant 
becomes catalytically inactive but might confer a gain-of-function 
to promote lipid droplet formation and triglyceride accumulation 
in hepatocytes.” Currently, the mechanisms by which PNPLA3 
148M induces steatosis are not clear. 

In addition, because only approximately 10% of heavy drink- 
ers develop cirrhosis, it is apparent that the disease phenotype is 
determined both by genetic defects and by modifications that 
affect the transcriptional capacity of these genes (epigenetics). 
Epigenetic changes (e.g., DNA methylation, or histone modifica- 
tion) alter accessibility to transcription factors. The successful 
establishment and maintenance of transcriptional profiles depend 
largely on epigenetic modifications, interacting proteins, noncod- 
ing RNAs, and interchromosomal and intrachromosomal interac- 
tions. Perturbation of any one of these regulatory elements by 
alcohol could have profound consequences for the liver. Chronic 
alcohol consumption has been shown to affect the epigenetic 
regulation of gene expression, thus modulating the expression of 
many genes and contributing to the pathogenesis of ALD.” 


Animal Models of Alcoholic Liver Disease 


Throughout the last 40 years, many experimental models have 
been used and they have proved to be valuable tools for under- 
standing of the pathogenesis of ALD.””*° Although there are no 
experimental models that recapitulate the full spectrum of ALD, 
these animal models have allowed us to better understand the 
cellular and molecular mechanisms underlying alcohol-induced 
liver injury and to identify many potential therapeutic targets for 
the treatment of ALD (Table 22-1). 


Chronic Ethanol Feeding 


Throughout the last 30 years, the most widely used model for 
alcoholic liver injury in rodents has been ad libitum feeding with 
the Lieber-DeCarli liquid diet containing ethanol for 4 to 6 
weeks.” However, this model cannot achieve high blood alcohol 
concentrations due to animals’ natural aversion to alcohol, there- 
fore it only induces mild liver injury, steatosis, low-grade liver 
inflammation, and no liver fibrosis.”*'°° More recently, researchers 
developed an enteral feeding model that not only generates high 
levels of blood alcohol levels but also controls the same caloric 
intake in each rodent.”*’*' This intragastric infusion model 
induces significant steatosis, focal necrosis, inflammatory foci, 
elevated serum ALT levels, and mild fibrosis.””*'°"'”’ Although 
the intragastric infusion model has been used for the study of 
more severe forms of alcoholic liver injury, it has not been widely 
used due to its technical difficulty and the requirements of inten- 
sive medical care and expensive equipment.” 


“Second-Hit” Model 


Data from epidemiologic and clinical studies have suggested that 
many cofactors contribute to the pathogenesis of severe ALD.'”? It 
is believed that alcohol consumption induces fatty liver, and other 
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Commonly Used Animal Models for Alcoholic Liver Disease 


SISAREN Specific Diseases 


Acute binge ethanol model e Mild elevation of serum ALT, AST Damages hepatocyte mitochondrial See review, 
e Low levels of liver inflammation with a decrease in function, induces oxidative stress and ER ref 128 
hepatic macrophages stress 
e Easy to perform 
Chronic ethanol feeding e Mild elevation of serum ALT, AST Increases gut permeability and activates 97 
e Low levels of liver inflammation with an increase in Kupffer cells via the activation of LPS-TLR4 
macrophages but not neutrophils Damages hepatocyte mitochondrial 
e Easy to perform function and induces oxidative stress 
Intragastric chronic ethanol e Moderate elevation of serum ALT, AST Similar mechanisms as chronic ethanol 93 
feeding e Moderate liver inflammation with an increase in feeding 
macrophages but low levels of neutrophils 
e Difficult to perform 
“Second hit” or “Multiple e Moderate to significant elevation of serum ALT, AST Chronic ethanol feeding increases the See review, 
hits” model and liver inflammation dependent on the second hit susceptibility of livers to second or multiple ref 103 
e Easy to perform hit(s)-induced liver injury and inflammation 
Chronic-plus-binge feeding e Moderate to significant elevation of serum ALT, AST Damages hepatocyte mitochondrial 46, 48, 94 
model e Moderate to significant liver inflammation with a function and induces oxidative stress 
significant increase in neutrophils e Increases hepatic neutrophil infiltration and 
e Easy to perform subsequently induces liver injury 
Hybrid model with a high e Significant elevation of serum ALT, AST e Damages hepatocyte mitochondrial 47 
cholesterol and high-fat e Significant liver inflammation with an increase in function and induces oxidative stress 
diet plus chronic ethanol neutrophils e Increases hepatic neutrophil and 
and binge ethanol feeding © Mild liver fibrosis macrophage infiltration and subsequently 
e Difficult to perform induces liver injury 
HFD-plus-binge ethanol e Significant elevation of serum ALT, AST e Damages hepatocyte mitochondrial 81 
model e Significant liver inflammation with an increase in functions 


neutrophils 
e Mild liver fibrosis 
e Easy to perform 


e Promotes hepatic neutrophil infiltration and 
induces acute steatohepatitis 


ALT, Alanine aminotransferase; AST, aspartate aminotransferase; HFD, high-fat diet; LPS, lipopolysaccharide; 7LA4, toll-like receptor 4. 
Adapted with modifications from Mathews S, et al. Animals models of gastrointestinal and liver diseases. Animal models of alcohol-induced liver disease: pathophysiology, translational relevance, and 


challenges. Am J Physiol Gastrointest Liver Physiol 2014;306:G819-G823. 


cofactors might be required for progression to steatohepatitis and 
fibrosis.” To mimic these conditions, researchers developed the 
“second-hit” model of alcohol feeding to induce more severe liver 
injury.” A variety of second hits have been used in combination 
with alcohol feeding, and these hits include nutritional modifica- 
tions (e.g., high-fat diet, high-cholesterol diet), pharmacologic 
agents (e.g., Concanavalin A or carbon tetrachloride), hormones, 
cytochrome P450 inducers, toll-like receptor ligands, genetic 
manipulation (transgenic overexpression or genetic knockout), 
and viral infections (see the review’”’ and references therein). The 
second-hit model has been used to study alcoholic liver fibrosis 
and inflammation; however, interpretation of the data acquired 
using the second-hit model should be undertaken with caution 
because it might be difficult to distinguish between the ethanol- 
and second-hit—mediated effects. 


Chronic-Plus-Binge Ethanol Feeding 


Patients with AH often have a history of chronic consumption 
plus more recent periods of excessive alcohol drinking. To mimic 
alcohol drinking patterns in AH patients, researchers recently 
developed a chronic-plus-binge ethanol feeding model that 


induces higher levels of steatosis, serum ALT, and liver inflam- 
mation than ad libitum chronic ethanol feeding.“ Hepatic 
neutrophil infiltration, which is a hallmark of AH, is markedly 
elevated after chronic-plus-binge ethanol feeding and contrib- 
utes to liver damage in this model.**'“ Due to its ease to use 
and induction of significant liver damage, chronic-plus-binge 
ethanol feeding has now been widely used for the study of ALD. 
More recently, a complex hybrid model of chronic-plus-binge 
ethanol feeding was developed by chronically feeding a high-fat, 
high-cholesterol, and ethanol diet to mice combined with gavage 
administration of ethanol.“ This model induces greater steatosis, 
liver injury, inflammation, and mild fibrosis, simulating some 
features of severe AH. Again, the use of this model has been 
limited due to its technical complexity.“ The ad libitum chronic- 
plus-binge ethanol feeding model and the hybrid model might 
represent different stages of disease and could be used for the 
study of different stages of ASH. 


High-Fat Diet (HFD) and Ethanol Feeding 


Obesity is probably one of the most common cofactors that coex- 
ists with alcohol consumption to induce alcoholic liver injury.” 
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Several animal models have been reported that studied the interac- 
tion of HFD feeding and alcohol consumption in liver injury. Xu 
et al. developed a model by intragastric overfeeding of a HFD and 
coadministration of alcohol, which resulted in marked elevation 
of serum ALT and severe steatohepatitis with pericellular fibro- 
sis. Using this model, the authors identified several mechanisms 
contributing to the pathogenesis of steatohepatitis induced by 
alcohol and HFD diet. These mechanisms include induction of 
endoplasmic reticulum response to cell stress, macrophage activa- 
tion, and adiponectin resistance. This model is quite useful for 
studying the synergistic effects of obesity and excessive alcohol 
drinking on steatohepatitis and fibrosis. A disadvantage of this 
model is the requirement for intensive medical care and expensive 
equipment. 

A recent study reported a simple model of HFD feeding plus 
a single binge of ethanol, which induced marked elevation of 
serum ALT and severe steatohepatitis." Although this model does 
not represent a model of chronic ASH, it is a very useful model 
for studying acute ASH in obese individuals with binge drink- 
ing of large amounts of alcohol. Using this model, the authors 
demonstrated that acute ethanol induces elevation of hepatic or 
serum free fatty acids and subsequent up-regulation of hepatic 
CXCLI expression, promoting hepatic neutrophil infiltration and 
steatohepatitis. 


Comorbid Conditions 


The outcome of ALD depends not only on the extent and dura- 
tion of heavy alcohol consumption, but it is also influenced by 
the presence of comorbid conditions such as HBV, HCV, or HIV 
infection, obesity, or hemochromatosis, and by possible interac- 
tions with the other risk factors. Viral infection, obesity and heavy 
alcohol consumption have some common features or mechanisms 
that exacerbate liver damage due to alcohol when they coexist.” 
The molecular basis for these interactions centers around oxidative 
stress, CYP2E1 induction, increased fat synthesis and mobiliza- 
tion, gut bacteria overgrowth, free fatty acids, ER stress, and activa- 
tion of innate and adaptive immunity, among others.**'”” Serious 
damage to the liver in chronic heavy drinkers also occurs when 
combined with a high dose of acetaminophen. Hepatotoxicity is 
mainly caused by its metabolite, N-acetyl-p-benzoquinoneimine 
(NAPQI). NAPQI depletes the liver’s antioxidant glutathione and 
directly damages hepatocytes, leading to liver failure. 


Therapeutic Targets 


Most patients with alcoholic fatty liver and early stages of ASH 
can recover after cessation of drinking. The management and 
treatment of end-stage alcoholic cirrhosis and end-stage hepato- 
cellular carcinoma are similar to that of conditions caused by other 
etiologies. Because the short-term mortality due to severe AH is 
very high, and the current treatment is not effective, there is an 
urgent need to find novel therapeutic targets to treat this devastat- 
ing disease. 

Inflammation has been generally considered to be one of the 
major hallmarks of AH and is associated with poor prognosis. 
Thus, inflammation has been actively explored as a therapeutic 
target for the treatment of severe AH.°*' Glucocorticoids such as 
prednisolone, which have broad antiinflammatory effects, have 
been used for the treatment of AH for the past 40 years; however, 
the results have been controversial.°'°°'” Prednisolone treatment 


has been shown to reduce short-term mortality in patients with 
severe AH, but it has no beneficial effects on long-term survival 
rates.°!°°' Prednisolone therapy also increases the risk of bacte- 
rial infection.°'°°'”” Despite controversial reports and because of 
lack of effective drugs, steroid therapy is still recommended for 
the treatment of severe AH by the American Association for the 
Study of Liver Diseases (AASLD) and the European Association 
for the Study of the Liver (EASL) guidelines for ALD. 

Throughout the last 2 decades, many inflammatory mediators 
that contribute to the pathogenesis of ALD have been identified 
by studies in animal models and human AH biopsies.°' Among 
these mediators, the gut microbiota~-LPS—-TNF-a@ pathway has 
been extensively investigated as a therapeutic target for the treat- 
ment of severe AH."' Probiotics for modifying gut microbiota and 
antagonists for TNF-a have been tested in AH patients, and 
hyperimmune bovine colostrum enriched with anti-LPS antibod- 
ies is currently under consideration in a clinical trial for the treat- 
ment of severe AH patients.’ Several open-label pilot studies have 
reported that treatment with probiotics improved serum ALT, 
AST, y-glutamyl transferase (GGT), lactate dehydrogenase, and 
total bilirubin in patients with mild AH,''? but their effects on 
patient survival rates have not been tested in patients with severe 
AH. Anti-TNF-o therapy did not show beneficial effects in severe 
AH patients and it even exacerbated long-term (6 month) mortal- 
ity.” Several recent studies using microarray analysis of AH biopsy 
samples have identified a group of chemokines, chemokine recep- 
tors, and adhesion molecules that are highly up-regulated in the 
livers of AH patients.*''' Some of them (e.g., CXC family of 
chemokines, including IL-8 and Gro-a) were found to be corre- 
lated with survival time, neutrophil infiltration, and disease sever- 
ity in AH patients.*”''' Inhibition of these inflammatory mediators 
could be a strategy to treat severe AH. Furthermore, numerous 
inflammatory mediators have been identified to play roles in the 
pathogenesis of ALD in mice,°' but their roles in human ALD 
must be confirmed in future clinical studies. 

So far, a wide variety of inflammatory mediators have been 
identified as being highly elevated in human AH, and these medi- 
ators most likely work together to promote liver inflammation in 
AH synergistically or additively. Thus, targeting a single inflam- 
matory mediator might not be an effective strategy to control 
inflammation in AH patients.'!” Consequently, the broadly 
immunosuppressive drug prednisolone or other steroids will prob- 
ably continue to be used therapeutically to suppress systemic and 
liver inflammation in patients with severe AH, despite its signifi- 
cant side effects (e.g., increased risk of bacterial infection) in these 
patients. Indeed, prednisolone is currently included as a standard 
therapy for severe AH in several clinical trials registered at https:// 
clinicaltrials.gov.''? The combination of reduced doses of steroids 
with an inhibitor(s) of specific proinflammatory mediator(s) 
could be used to reduce the side effects of steroid therapy. 

In addition to inflammation, hepatocyte damage and impaired 
liver regeneration probably constitute another major cause of the 
poor prognosis of AH.''*''® The inhibitory effect of excessive 
alcohol feeding on liver regeneration has been well documented 
in rodents.''’ Massive liver progenitor cell proliferation/ductular 
reactions have often been observed and have been positively cor- 
related with the severity of liver disease and with short-term 
mortality in patients with severe AH.''*''° This finding indirectly 
suggests that liver regeneration is impaired in AH patients because 
liver progenitor cells expand when hepatocyte proliferation is 
blocked. Thus, drugs that protect against hepatocyte damage and 
that promote liver regeneration should be part of the treatment 
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repertoire for severe AH. IL-22 is a recently identified cytokine 
that is produced by immune cells, but immune cells do not 
express IL-22 receptor, therefore, immune cells do not respond to 
IL-22 stimulation. Instead, epithelial cells (e.g., hepatocytes and 
liver progenitor cells) express high levels of IL-22 receptor. By 
targeting this receptor, IL-22 has been shown to protect against 
hepatocyte damage and to promote hepatocyte and liver progeni- 
tor cell proliferation.''*'"” In addition, IL-22 also inhibits liver 
fibrosis via the induction of HSC senescence.'*”'*' Collectively, 
in combination with steroids, IL-22 is an ideal target for the treat- 
ment of severe AH. 

To date, many therapeutic targets for liver fibrosis have been 
identified, and some candidates have been tested in clinical anti- 
fibrotic trials, whereas others are currently registered at https:// 
clinicaltrials.gov. >>!” Although most of these identified antifi- 
brotic therapeutic targets should also work in ALD patients, 
unfortunately, ALD patients were only rarely included in these 
trials because these patients are often associated with active addic- 
tion and other complications.’ More ALD patients with liver 
fibrosis should be included in clinical antifibrotic trials. 

Finally, cirrhosis and AH are major indications for liver trans- 
plantation. However, these patients suffer from the multisystemic 
effects of chronic alcohol abuse, such as malnutrition, vitamin 
deficiencies, peripheral and central nervous system abnormalities, 
nephropathy, and muscle wasting,’ necessitating a 6-month 
period of abstinence prior to evaluation to prevent relapse after 
liver transplantation in alcoholic patients.'”” 


Conclusion 


Alcohol has been part of human existence for millennia. Although 
the majority of people drink alcohol responsibly without harm to 
their health or to others, some people drink heavily on a chronic 
basis and/or binge drink. While the liver is a resilient organ 


capable of regeneration, heavy alcohol consumption takes its toll 
on the liver, resulting in a wide array of liver injury ranging from 
steatosis to cirrhosis and even hepatocellular carcinomas. Signifi- 
cant strides have been made over the past decades in understand- 
ing the key molecular events involved in the genesis and 
progression of ALD. Unfortunately, no specific medications are 
available for the treatment of ALD. One reason for the lag in the 
development of medications for ALD is the tendency to exclude 
alcoholic patients from many clinical trials. Now with the great 
advances in the treatment for viral hepatitis, efforts should be 
focused on finding treatments for ALD, especially with the obesity 
pandemic, which exacerbates ALD. In addition, because of the 
high mortality rate in severe AH patients, efforts should focus on 
short-term outcomes and on the identification of biological 
markers to stratify patients according to severity and response to 
treatment.'”° The use of antiinflammatory drugs, antibiotics, and 
probiotics, as well as new approaches, such as IL-22, to treat ALD 
is encouraging, and should go hand in hand with the treatment 
of alcoholism. In addition, tailoring therapeutic agents based on 
the known and novel molecular targets and pathways involved in 
ALD should expand the repertoire of medications available in the 
era of personalized medicine. Furthermore, animal models of 
ALD to mimic closely what occurs in patients are sorely needed. 

Regardless of the severity of ALD, it is imperative that patients 
stop alcohol consumption to facilitate recovery. Because ALD is 
often diagnosed at advanced disease stages, there is an urgent need 
for continuous screening for heavy drinking using transient elas- 
tography or biochemical markers to detect early stages of ALD. 

Currently, liver transplantation remains the best option for 
patients with liver cirrhosis and AH; however, several complicat- 
ing factors such as drinking relapse after transplantation must be 
addressed. Recent research has suggested that patient screening 
can detect the individuals most likely to have alcohol relapse and 
that targeted intervention can prevent their relapse.'”” 


SUMMARY 


Recent Progress 

e Multiple intrahepatic and extrahepatic factors that promote the 
development of alcoholic fatty liver have been found. 

e Numerous inflammatory mediators (chemokines and cytokines) 
and several types of inflammatory cells (NKT and infiltrating 
macrophages) that promote liver inflammation in ALD have been 
identified. 

e Gut bacterial overgrowth and dysbiosis have been recognized as 
important mechanisms underlying the pathogenesis of ALD. 

e The pnpla3 148M variant has been identified as a genetic risk factor 
for ALD. 

e Several new models of ALD have been developed, including chronic- 
plus-binge ethanol feeding, high-fat-plus-binge ethanol feeding, and 
hybrid feeding with high fat and high cholesterol plus ethanol. 

e Several new therapeutic targets have been identified and some of them 
are currently under investigation in preclinical and clinical studies. 


Key Knowledge Gaps 

e Why only 20% of chronic heavy drinkers develop cirrhosis and HCC 
remains largely unknown. The role of genetics, epigenetics, and other 
factors such as diet, smoking etc in the pathogenesis of ALD needs to be 
elucidated. 


References 


e Many genetic variants have been implicated in linking the susceptibility 
of ALD development, but few of them except PNPLA3 mutation have 
been confirmed. 

e Current experimental models do not recapitulate the full spectrum 
of ALD. 

e The functions of inflammatory cells (e.g., infiltrating macrophages, 
neutrophils, NKT) in modulating liver injury and repair in ALD, and AH 
in particular, are not fully understood. 

e The mechanisms by which alcohol consumption induces gut bacterial 
overgrowth and dysbiosis, and how these intestinal factors contribute 
to the pathogenesis of ALD are partially understood. 

e The role of adaptive immunity in the pathogenesis of ALD remains 
largely unknown. 

e Liver regeneration is impaired in ALD, but the underlying mechanisms 
are not fully understood. 


Future Directions 

e To develop better ALD models, which recapitulate the full spectrum of 
ALD. 

e To explore the mechanisms underlying liver inflammation and impaired 
liver regeneration in ALD. 

e To develop specific targeted medications for various forms of ALD. 
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ABBREVIATIONS 


ADH alcohol dehydrogenase 

AH alcoholic hepatitis 

AHHS Alcoholic Hepatitis Histologic Score 

ALD alcoholic liver disease 

ALDH aldehyde dehydrogenase 

ALT alanine aminotransferase 

ANI alcoholic liver disease/nonalcoholic fatty liver 
disease index 

AST aspartate aminotransferase 

CYP2E1 cytochrome P450 2E1 

IL-10 interleukin-10 

MELD Model for End-Stage Liver Disease 

NAFLD nonalcoholic fatty liver disease 

OR odds ratio 

PNPLA3 patatin-like phospholipase domain-containing 
protein 3 

ROS reactive oxygen species 

TLR4 toll-like receptor 4 

TNF-a tumor necrotic factor o 


Introduction 


Alcoholic liver disease (ALD) represents a spectrum of clinical 
illness and pathologic change in individuals with excessive and 
long-term alcohol consumption. Patients may have minimal 
abnormalities from steatosis or may develop more severe signs and 
symptoms of liver disease associated with inflammation seen in 
alcoholic hepatitis (AH) or cirrhosis.’ 

Despite the fact that the relationship between alcohol con- 
sumption and liver disease is well established, severe alcohol- 
related morbidity develops in only a small minority of excessive 
alcohol drinkers. The reasons for the interindividual differences 
in susceptibility to the toxic effects of alcohol are discussed else- 
where (and reviewed by Gao and Bataller’). These factors include 
the pattern of alcohol consumption, sex, environmental factors 
(such as diet), and genetic background, which we will discuss 
next. 


Pattern, Dosage, and Types of 
Alcohol Consumption and Risk of 
Alcoholic Liver Disease 


The alcoholic cirrhosis mortality rates across countries are closely 
correlated with the per capita alcohol consumption.** However, 
careful study of the relationship between the development/natural 
history of ALD and the quantity of alcohol consumed is almost 
impossible because data collection always involves numerous 
broad assumptions and rough estimates.’ Early studies in France 
suggested that a long-term consumption of 80 g/day or more 
was associated with increased risk of cirrhosis, but subsequent 
estimates of the threshold for harm have been below this level, 
especially for women.°” The effect of dose has been best demon- 
strated by a notable study that surveyed alcohol habits and diets of 
the entire population of two communities in northern Italy." The 
study showed a linear correlation between the number of alcohol 
units consumed per day and the risk of liver disease and cirrhosis. 
In a large Danish population-based prospective study, 6152 par- 
ticipants (aged 15-83 years) with a history of alcohol abuse under- 
went a meticulous interview on the frequency of alcohol intake, 
drinking pattern, and duration and types of alcohol consumption. 
The alcoholic cirrhosis mortality rate was increased 27-fold and 
35-fold in men and women, respectively, when compared with 
that of the general population.’ That study, however, found that 
the number of alcoholic drinks per day was not significantly 
associated with death from alcoholic cirrhosis, because there was 
no additional risk of death from alcoholic cirrhosis when an 
average daily number of five drinks (>60 g alcohol per day) was 
exceeded in either men or women.’ In another study, 13,285 
participants were followed up for 12 years to determine the asso- 
ciation between self-reported alcohol intake and the risk of future 
liver disease.” There was no apparent risk of liver injury if the 
range of alcohol intake was between one and six drinks per week; 
however, drinking beyond this level (7-13 drinks per week for 
women and 14-27 drinks per week for men) resulted in a signifi- 
cant steep increase in the relative risk of ALD.'° At any given level 
of alcohol intake, women had a significantly higher relative risk of 
developing alcohol-related liver disease than men. However, men 
had an overall higher incidence rate of alcohol-induced cirrhosis 
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(0.2% annually) than women (0.03% annually).'° In addition to 
the amount of alcohol consumed, studies also suggested that the 
risk of ALD may also depend on the types and patterns of intake 
independently of the absolute levels of consumption. Red wine 
drinkers may have a lower risk of ALD than consumers of other 
beverages.'' Whether this is due to an effect of the red wine per 
se or due to confounding protective lifestyle factors, however, is 
currently unknown. Disease risk seems to be increased by drink- 
ing alcohol at times other than mealtimes and drinking every 
day versus drinking at the weekend. In fact, binge drinking (too 
much, too fast) and long-term excessive drinking (too much, too 
often) are a significant determinant of risk of ALD.*’* Although a 
dose-effect relationship has been reported between alcohol intake 
and the extent of liver injury, there is no threshold of alcohol 
consumption that can unequivocally predict ALD, and it is still 
unclear whether there is any defined threshold below which there 
is no effect.’ 


Sex 


The greater vulnerability of women and lower safe limits for 
consumption have long been recognized." The traditional expla- 
nation has been that women develop higher blood alcohol con- 
centrations per unit of alcohol consumed because of their lower 
volume of distribution for alcohol.'* More recent evidence has, 
however, demonstrated that estrogen increases gut permeability 
by endotoxin and accordingly up-regulates endotoxin receptors 
on Kupffer cells, leading to an increased production of tumor 
necrosis factor in response to endotoxin and the risk of ALD.” 


Dietary Factors and Risk of 
Alcoholic Liver Disease 


Types of diets have been shown to be potential determinants of 
ALD risk.“ Diets high in polyunsaturated fat and iron and low 
in carbohydrate increase the severity of hepatic inflammation in 
the Tsukamoto-French rodent model of ALD."° Free iron favors 
the production of reactive oxygen species (ROS) in the liver 
during ethanol metabolism, a diet high in polyunsaturated fat and 
low in carbohydrate induces cytochrome P450 2E1 (CYP2E1), 
and polyunsaturated fats in membrane phospholipids are the sub- 
strate for lipid peroxidation.'° Hepatic iron overload has been 
associated with heavy alcohol consumption in humans and may 
contribute to liver damage. This effect of drinking alcohol is 
independent of the presence of hemochromatosis alleles,'” and is 
thought to result from oxidative stress reducing the expression of 
hepcidin messenger RNA and protein. This in turn leads to 
increased expression of intestinal divalent-metal transporter 1 and 
the cellular iron export protein ferroportin.'* Heavy alcohol 
drinkers have higher ferritin levels and iron saturation and lower 
hepcidin levels than nondrinking controls.” 

In humans a more obvious role for diet in ALD risk has been 
suggested by two studies showing that obesity and associated type 
2 diabetes mellitus increases the incidence of all stages of ALD in 
heavy alcohol drinkers.””*' These studies suggest that factors asso- 
ciated with nonalcoholic steatohepatitis increase the risk of ALD 
(presumably through synergistic increases in steatosis and oxida- 
tive stress). Although exercise has been shown to relieve nonalco- 
holic fatty liver disease (NAFLD),” there are no published data 
on the effect of exercise in ALD. 

Lastly, recent epidemiologic evidence also suggests that coffee 
drinking may be protective against the development of ALD.” 


Genetic Risk Factors for Alcoholic Liver Disease 


Although it seems clear that female sex and diet may influence 
the susceptibility to ALD, these factors are not sufficient to explain 
the wide variability of liver damage observed in those who drink 
alcohol excessively, suggesting a significant contribution of non— 
sex-linked genetic factors toward ALD susceptibility. Twin studies 
show that the susceptibility for alcohol-related liver injury is 
genetically determined in a substantial proportion.” Evidence for 
genetic susceptibility to ALD was from a Veterans Affairs twin 
study showing that the concordance rate for alcoholic cirrhosis 
was three times higher in monozygotic twin pairs than in dizy- 
gotic twin pairs.” This difference in the concordance rates for 
alcoholic cirrhosis (monozygotic 16.9, dizygotic 5.3) was not 
entirely explained by the difference in the concordance rates for 
alcoholism (monozygotic 26.7, dizygotic 12.2).% The study 
showed susceptibility genes for alcoholism and alcoholic cirrhosis 
independently affected their prevalence and provided evidence for 
a genetic predisposition to organ-specific complications of alco- 
holism. Further, it was found that the susceptibility genes for 
alcohol dependence affected the genetic risk of alcoholic cirrho- 
sis“ and that approximately 50% of phenotypic variation in ALD 
in heavy alcohol drinkers was due to genetic modifiers.” Lastly, 
other indirect evidence of a genetic component to disease risk 
comes from the observation that the death rate from ALD is 
subject to wide interethnic variation that is not entirely explained 
by variations in the prevalence of alcohol abuse.” Hispanics 
appear to be at particularly high risk.” So far no linkage studies 
on ALD have been published, but allelic variation in candidate 
genes has been reported to be associated with differences in the 
risk of ALD, as discussed next. 


Genes Influencing Alcohol Metabolism 


Allelic variants of the genes encoding alcohol dehydrogenase 
(ADH) and aldehyde dehydrogenase 2 (ALDH2) produce alcohol- 
metabolizing and acetaldehyde-metabolizing enzymes, respec- 
tively, with variable activity. The genetic variants influence the 
prevalence of alcohol dependence and modify susceptibility to 
liver damage.'* Because of differences in the capacity to metabo- 
lize alcohol to acetaldehyde, it has been considered that individu- 
als with more active ADH1B*2 and ADHIC*! alleles are at 
increased risk of developing alcoholic liver injury because of a 
higher acetaldehyde exposure,” but the results from several studies 
are inconsistent because of ethnic variability in the populations 
studied and ADH1B*2 being a rare allele in Caucasians. A large 
study of 876 Caucasians failed to detect a significant association 
between ADHIC variants and alcoholic cirrhosis.” In a Japanese 
cohort the presence of the ADH/B*2 allele was associated with 
greater risk of cirrhosis than was seen for the ADH1B*1 allele 
among alcoholic men (although the ADH/B*2 allele is protective 
against alcoholism per se).”° 

Less is known about the effect of the ADH1B%*3 allele on 
responses to alcohol. This allele has been found in African Ameri- 
cans, Afro-Trinidadians,*' and Native American Mission Indians.” 
From these relatively small studies it appears that individuals having 
this allele have somewhat increased rates of alcohol metabolism” and 
are at reduced risk of developing alcohol dependence or abuse’'”” 
but may have a greater risk of alcoholic liver injury if they do drink 
heavily.*' The ALDH2*2 variant is dominant and results in produc- 
tion of an enzyme with low activity, resulting in accumulation of 
high levels of acetaldehyde during drinking.” Acetaldehyde is a 
reactive molecule linked to liver injury,” and is responsible for the 
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Asian flush reaction.” The ALDH2*2 allele is strongly protective 
against alcoholism”’and alcohol-related organ disease.” 

In rodents, ALDH2-deficient mice are resistant to alcohol- 
induced steatosis but prone to inflammation and fibrosis by way 
of malondialdehyde-acetaldehyde adduct-mediated paracrine 
activation of IL-6 in Kupffer cells’ An ALDH2*2-linked suscep- 
tibility to ALD was not confirmed in alcoholics.” In addition to 
ADH, alcohol can be metabolized by CYP2E1. CYP2E1 is an 
inducible enzyme, and its activity can increase up to 20-fold 
following continuous alcohol consumption.” There are several 
polymorphic loci within the human CYP2E/ gene” with two 
mutations in linkage disequilibrium giving rise to cl and c2 
alleles. The CYP2E1*5 (c2) allele is associated with approximately 
10-fold higher messenger RNA, protein, and enzyme activity than 
the cl allele and could cause a higher exposure of the liver to 
acetaldehyde and ROS.” One study found that the cumulative 
lifetime alcohol intake of patients with ALD who were heterozy- 
gous for the c2 allele was almost half that of patients with ALD 
homozygous for the wild-type allele,” suggesting that it confers 
increased sensitivity to alcohol. Several studies have looked for an 
association between a promoter region polymorphism of the 
CYP2E1 gene and ALD, with no consistent results emerging in 
any population.“ In summary, there is ample evidence linking 
polymorphisms of alcohol-metabolizing enzyme genes with the 
risk of alcoholism/alcohol dependence; there is growing evidence 
that the more active ADH/B alleles (*2 and *3) are associated with 
increased risk of ALD in patients who drink heavily. 


Cytokine-Related Genes and Endotoxin Receptor 


Cytokines and endotoxin are known to be involved in the patho- 
genesis of ALD,’ suggesting that variants of these genes might 
explain genetic susceptibility to ALD. CD14 acts as a coreceptor 
along with toll-like receptor 4 (TLR4) for the detection of bacte- 
rial lipopolysaccharide in the portal bloodstream.“ A C/T poly- 
morphism is present at position —159 in the CD14 promoter 
region, with the TT genotype associated with increased levels of 
soluble and membrane CD 14.*? In a study of 442 men with valid- 
alcohol consumption data, the T allele was found to be associated 
with advanced ALD; that is, with AH (odds ratio [OR], 2.48; 
p = 0.018) and especially with cirrhosis (OR, 3.45; p = 0.004) 
but not with fatty liver, periportal fibrosis, or bridging fibrosis.’ 
The overall age-adjusted risk for cirrhosis was 3.08 (p = 0.01) for 
the carriers of the CT genotype and 4.17 (p = 0.005) for the 
homozygous TT genotype.“ These results suggest that the T allele 
confers increased risk of alcoholic liver damage. In particular, TT 
homozygotes are at a high risk of developing cirrhosis.“ However, 
in another study looking at the polymorphism of the CD14 
coreceptor, TLR4, there was no association between ALD and 
possession of the Asp299Gly polymorphism in the TLR4 gene.” 

The most convincing association between ALD and the genetic 
variant of a cytokine has been reported for a promoter-region 
polymorphism in interleukin-10 (IL-10).*° A variant C/A poly- 
morphism at position —627 in the IL-10 promoter has been 
associated with decreased IL-10 secretion and reporter gene tran- 
scription.“ The allele frequencies for the substitutions at position 
—627 (C>A) in the IL-10 promoter were determined in 287 heavy 
alcohol drinkers with biopsy-proved advanced ALD, 107 heavy 
alcohol drinkers with no evidence of liver disease or steatosis only 
on biopsy, and 227 local healthy volunteers. At the polymorphic 
position, 50% of patients with advanced ALD had a least one A 
allele compared with 33% of controls (p < 0.0001) and 34% of 
alcohol drinkers with no or mild disease (p = 0.017). This study 


showed a strong association between possession of the A allele and 
ALD.“ Lastly, a possible genetic link between a rare polymor- 
phism at position —238 in the tumor necrosis factor œ (TNF-) 
promoter and ALD was studied in 150 patients with biopsy- 
proven ALD and 145 healthy volunteers. An excess of this allele 
was found in patients with ALD with an OR of 3.5 for alcoholic 
cirrhosis and an OR of 4 for AH compared with controls.” 


PNPLA3 and Alcoholic Liver Disease 

The patatin-like phospholipase domain—containing 3 gene 
(PNPLA3) is located on the long arm of chromosome 22. Its 
product, PNPLA3, also referred to as adiponutrin, is a 481—amino 
acid protein of the calcium-independent phospholipase A2 family, 
mainly expressed in human liver.**“? It exhibits triglyceride lipase 
activity and acylglycerol transacetylase activity, and its expression 
is highly responsive in energy mobilization and the storage of 
lipid droplets.” A genome-wide screen of nonsynonymous single- 
nucleotide polymorphisms in a population of Hispanic, African, 
and European Americans from the Dallas Heart Study identified 
a strong association of a variant in PNPLA3 (rs738409 [M148]]) 
with hepatic fat content as measured by proton magnetic reso- 
nance spectroscopy.’ However, the effect of this polymorphism 
on protein function is not yet understood. Tian et al.” studied 
a possible relationship with clinically evident liver disease using 
17 variants of PNPLA3 and a panel of 306 ancestry-informative 
single-nucleotide polymorphisms in a Mestizo (mixed European 
and Native American ancestry) population with a history of 
heavy alcohol abuse. A significant association between PNPLA3 
1s738409 and alcoholic cirrhosis (unadjusted OR, 2.25; p = 
1.7 x 107") was observed,” and the findings were also confirmed 
by ancestry-adjusted analysis.” The role of PNPLA3 in ALD 
pathogenesis was also confirmed in a German cohort.” In that 
study, PNPLA3 1s738409 (G/G) carriers represented a geneti- 
cally defined subpopulation of high-risk patients susceptible to 
progression of clinically inapparent to overt ALD. In total, 26.6% 
of the population-attributable risks for the progression of early to 
advanced ALD are conferred by the presence of this risk allele. 
A recent meta-analysis also showed that the rs738409 variant of 
PNPLA3 is clearly associated with alcoholic liver cirrhosis.” 


Oxidative Stress—Related Genes 

Superoxide dismutase 2 and glutathione S-transferase are antioxi- 
dative stress proteins predicted to be protective in the pathogen- 
esis of ALD.”*” The association between polymorphisms of these 
genes and the risk of ALD is inconclusive and contradictory.” 


Natural History of Alcoholic Liver Disease 


For purposes of instruction, it is useful to divide the natural 
history of ALD into its three major types—alcoholic fatty liver, 
AH, and cirrhosis—and to discuss the clinical, laboratory, and 
pathologic features of each. In clinical practice the diagnosis and 
differentiation of these stages of alcoholic liver injury is difficult 
in that these stages may occur in any combination in the same 
patient. The role of physical examination to diagnose ALD is 
limited, and the findings may range from normal to evidence of 
hepatic decompensation or cirrhosis. 


Alcoholic Fatty Liver 


Alcoholic fatty liver (steatosis) occurs almost universally in 
individuals who consume alcohol excessively (in the range of 
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120-150 g/day for 2-3 weeks). In most cases macrovesicular ste- 
atosis develops; this is initially located in Zone 3 and in severe 
cases is located throughout the liver.’ This condition is reversible: 
abstinence for 4 weeks leads to resolution.® Alcoholic fatty liver 
is rarely diagnosed clinically because most patients are asymptom- 
atic and do not seek medical attention. However, providers should 
suspect alcoholic fatty liver in heavy alcohol drinkers who have 
elevated liver enzyme levels with evidence of fatty changes on 
ultrasonographic or CT studies of the liver. Laboratory abnor- 
malities are generally mild, and jaundice is unusual. Serum aspar- 
tate aminotransferase (AST) and alanine aminotransferase (ALT) 
levels may be elevated, but are usually lower than 300 IU/L. 

Patients with evidence of only hepatic steatosis on biopsy were 
perceived in the past to have a benign prognosis. However, a 
subset of patients with simple hepatic steatosis can progress to 
fibrosis or cirrhosis in 10 years, especially if the drinking contin- 
ues.® Severity of steatosis, female sex, and the presence of giant 
mitochondria were independent predictors of disease progres- 
sion.” Alcoholic steatosis is likely not as benign a condition as 
previously thought. 


Alcoholic Hepatitis 


AH is the most florid manifestation of ALD and is associated with 
a high mortality.“ Approximately 10% to 20% of patients with 
AH are likely to progress to cirrhosis annually, and up to 70% of 
patients with AH ultimately will become cirrhotic.’ Abstinence is 
essential for recovery, and up to 10% of patients with AH have 
regression of liver injury,’ whereas those who continue to drink 
usually progress to cirrhosis. 

At present there is no consensus diagnostic definition for AH. 
Classically, patients present with fever, jaundice, and signs of 
decompensated liver disease, such as ascites and hepatic encepha- 
lopathy.” Physical examination usually shows signs of protein- 
calorie malnutrition.” Serum AST and ALT levels are elevated in 
all cases, and the AST/ALT ratio is usually greater than 2.° The 
common histologic findings in AH are ballooning degeneration, 
focal hepatocyte necrosis, and neutrophilic infiltration.” The 
necessity for liver biopsy to diagnose and evaluate the severity of 
AH remains controversial.” These patients are ill with comorbidi- 
ties such as coagulopathy or ascites, thus precluding percutaneous 
liver biopsy. A transjugular route is, therefore, required to obtain 
the biopsy specimen.” In the United States its use is generally 
confined to cases of diagnostic uncertainty rather than staging or 
assessing the severity of the disease.” Historically, there is no well- 
validated histologic scoring system to determine survival in 
patients with AH. However, Altamirano et al.” recently used a 
semiquantitative scoring system, the Alcoholic Hepatitis Histo- 
logic Score (AHHS), to predict short-term, 90-day mortality. This 
scoring system was also validated in another set of 205 patients 
from five academic centers in the United States and Europe. Four 
histologic features are combined and weighted to create the final 
score—fibrosis stage (0-3), bilirubinostasis (0-2), polymorpho- 
nuclear infiltration (0-2), and megamitochondria (0-2)—for a 
total of 9 points. The degree of fibrosis and the presence of bili- 
rubinostasis were positively associated with greater short-term 
mortality. On the other hand, mild polymorphonuclear infiltra- 
tion and absence of megamitochondria were associated with 
poorer outcome in these patients. Those with a low (0-3 points), 
moderate (4-5 points), and high (6-9 points) AHHS had short- 
term mortality of 3%, 19%, and 51%, respectively.” The prog- 
nostic ability of the AHHS to predict short-term mortality 


compared favorably with that of well-validated, noninvasive 
scoring systems for AH such as the Model for End-Stage Liver 
Disease (MELD) score. However, the advantage of biopsy and the 
AHHS is that it is able to provide additional prognostic informa- 
tion in AH patients with low MELD scores. In that study the 
overall mortality of patients with a MELD score lower than 21 
was 20.5% at 90 days. With a cutoff of 5 points, the AHHS was 
able to define two subgroups with different 90-day survival (94% 
vs. 72%). This observation is important because use of the AHHS 
could stratify patients with a higher risk of death among those 
initially considered to be at low risk.°* This study, however, is the 
first to use a histologic scoring system to predict prognosis in 
patients with AH. Until this method has been evaluated by other 
investigators, liver biopsy for calculation of the AHHS is not a 
standard of care. However, the use of this scoring system might 
be useful for patients with a MELD score of less than 21, as such 
individuals were previously perceived to be at low risk of death 
and hence did not need to receive treatment.” 

Given the practical limitations of doing a liver biopsy, there 
are several clinical scoring systems that predict patients with AH 
who are at high risk of death. The Maddrey discriminant function 
is used widely as a clinical parameter to predict 30-day mortality 
and identify a subset of patients who may benefit from treatment 
with corticosteroids.” The MELD, using serum creatinine level, 
serum bilirubin level, and international normalized ratio (for pro- 
thrombin time), can accurately predict 30-day and 90-day mortal- 
ity in patients with AH.” The Lille model includes evolution 
of the bilirubin level in addition to three baseline variables— 
creatinine level, albumin level, and prothrombin time—to predict 
mortality in AH.” A Lille score of more than 0.45 after 1 week 
of corticosteroid therapy is associated with 75% mortality at 
6 months.” 


Alcoholic Cirrhosis 


Approximately 15% to 20% of patients who drink alcohol exces- 
sively will progress to cirrhosis in their lifetime.” It is important 
to note that alcoholic cirrhosis patients with clinical decompensa- 
tion may actually have acute AH. A recent study showed that 99 
of 121 patients (82%) who presented with clinical diagnosis of 
AH and biopsy-proven AH also had histologic features of bridging 
fibrosis/cirrhosis.”” Patients with alcoholic cirrhosis have clinical 
presentations similar to those with other types of cirrhosis.” 
Patients may have the stigmata of chronic liver disease on physical 
examination. Hepatic panel findings may be normal in those with 
well-compensated cirrhosis or abnormal, reflecting active hepato- 
cyte injury and biosynthetic dysfunction in decompensated 
cases.’ Abstinence from alcohol is essential in treatment, as it has 
been shown to abrogate the progression of disease and need for 
liver transplant” for some patients. 


Special Considerations for Factors 
Influencing the Natural History of 
Alcoholic Liver Disease 


Hepatitis C 


The prevalence of hepatitis C virus (HCV) antibody positivity 
in alcoholic patients without liver disease ranges from 0% to 
14%, in all alcoholic patients the prevalence ranges from 11% 
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to 35%, and in alcoholic patients with chronic liver disease the 
prevalence ranges from 18% to 51%.” Alcohol abuse associated 
with HCV infection contributes to an accelerated progression 
of hepatic inflammation to fibrosis, cirrhosis, and hepatocellular 
carcinoma.’*”’ There are several mechanisms underpinning the 
synergistic liver injury caused by coexisting alcohol abuse and 
HCV. Increased apoptosis was found in HCV-infected hepato- 
cytes in the presence of heavy alcohol consumption.” Damage- 
associated molecular patterns from cell death induced by HCV 
or alcohol abuse can aggravate the activation of the innate 
immune system, leading to liver injury. Further, emerging 
evidence also showed that alcohol can modulate HCV replica- 
tion by the induction of miR-122.”* HCV and alcohol also have 
a synergistic effect on the production several cytokines, such as 
transforming growth factor B and TNF-a, which may accelerate 
the fibrotic process leading to cirrhosis.” In clinical practice, 
patients with hepatitis C should be advised to refrain from alcohol 
consumption. 


Hepatitis B 


Unlike hepatitis C, the interaction between hepatitis B and 
alcohol abuse and the progression of liver disease is not well 
studied. A few studies showed that hepatitis B virus infection 
impairs survival of hospitalized ALD patients and affects the 
development of hepatocellular carcinoma’; however, another 


study demonstrated the opposite result.” 


Obesity and Nonalcoholic Fatty Liver Disease 


‘The rising obesity epidemic has led to an increase in the incidence 
of NAFLD.” There are two important clinical aspects to consider 
when we are dealing with obese individuals who consume alcohol. 
First, can we distinguish the cause of steatosis/steatohepatitis— 
that is, whether it is secondary to alcohol consumption or under- 
lying NAFLD? Second, what advice should be given to patients 
with NAFLD about the consumption of alcohol? In clinical prac- 
tice it is of importance, though at times difficult, to delineate 
whether steatosis/steatohepatitis is related to alcohol consumption 
or NAFLD.” The distinction may influence patient treatment 
and candidacy for liver transplant.*” The situation is worse with 
patients with an unreliable history of alcohol consumption and 
no independent confirmation from the family.” To address this, 
usual blood tests help us make the diagnosis. The ALD/NAFLD 
index (ANI) is calculated on the basis of the following variables: 
mean corpuscular volume, AST/ALT ratio, BMI, and sex. It is 
highly accurate in distinguishing ALD from NAFLD,” with an 
ANI greater than 0 incrementally favoring a diagnosis of ALD 
and an ANI less than 0 incrementally favoring a diagnosis of 
NAFLD.” 

Because of the comorbidities such as obesity, type 2 diabetes, 
hypertension, and dyslipidemia in patients with NAFLD," it is 
not surprising that these patients are more likely to have athero- 
sclerosis and a heightened risk of cardiovascular disease than those 
without NAFLD.” In fact, cardiovascular disease is the single 
most common cause of death in patients with NAFLD.” Though 
excessive alcohol use has many detrimental health effects," the 
cardiovascular benefits of moderate alcohol consumption are 
beyond doubt.” Individuals who consumed one alcoholic drink 
daily had a decrease in the rate of death from all causes of 20% 
and from cardiovascular diseases of 30% to 40% compared with 
nondrinkers.”” A study from Europe also showed the benefits of 


consuming three and five drinks of wine daily on protecting 
against cardiovascular and cerebrovascular events,” although no 
risk reduction was seen with consumption of beer or liquor, sug- 
gesting that the nonalcohol constituents of wine were account- 
able for the protective effects observed in that study.” These data 
raise the dilemma of whether patients with NAFLD who have 
a heightened risk of cardiovascular disease should or should not 
consume alcohol.” In a clinical setting, patients with NAFLD are 
generally advised to refrain from alcohol consumption entirely 
because alcohol might accelerate the underlying disease process. 
Although no prospective data exist to support such a concern, 
some cross-sectional studies have shown that obese individuals 
consuming alcohol have a higher prevalence of hepatic steatosis.” 
The Dionysos study showed that obese individuals who drank 
heavily (>100 kg of alcohol over a lifetime and >60 g of alcohol 
daily) had a significantly greater prevalence of hepatic steatosis.” 
An epidemiologic study using a large population-based dataset 
demonstrated a higher prevalence of abnormal ALT activity in 
overweight and obese individuals who consumed alcohol com- 
pared with overweight and obese individuals with no alcohol 
consumption.” The specific mechanisms of liver injury caused 
by the combination of obesity and alcohol are not well under- 
stood. As both of these conditions independently induce hepatic 
CYP2E1 activity, it is possible that together they cause an even 
greater induction of CYP2E1, resulting in increased forma- 
tion of ROS.”””* Both obesity and alcohol might also lead to 
increased production of proinflammatory cytokines, which can 
worsen liver injury by causing inflammatory responses in the 
hepatocytes and by altering intrahepatic lipid metabolism.””” 
Lastly, it remains uncertain why some obese patients with 
NAFLD have only steatosis, whereas others exhibit steatohepa- 
titis, and alcohol consumption could have a different effect in 
these two conditions. There are still far too many unanswered 
questions, and until more studies become available, we should 
advise our patients with NAFLD to limit or refrain from alcohol 
consumption.” 


Toxicity of Acetaminophen and Other Drugs 


It is well known that heavy alcohol consumption is a risk factor 
for acute liver injury from acetaminophen, secondary to depletion 
of glutathione stores and induction of CYP2E1.”° Other drugs 
metabolized to toxic intermediates by this cytochrome””® also 
have the potential to cause acute-on-chronic liver disease in alco- 
holic patients; however, there is no evidence that the traditional 
forms of ALD are caused by concomitant consumption of alcohol 
and use of medications. 


Obstructive Sleep Apnea 


Obstructive sleep apnea (OSA) patients are reported to have ele- 
vated levels of liver enzymes,” greater amounts of visceral fat, 
and insulin resistance compared with obese controls. '°°'®! OSA is 
associated with nonalcoholic steatohepatitis and advanced liver 
disease.” Alcohol consumption significantly increases OSA fre- 
quency." Preclinical models have shown that alcohol sensitizes 
the liver to hypoxia'™ and that intermittent hypoxia exaggerates 
the liver injury in diet-induced obese mice.'® Further, alcohol’s 
general depressant effects can increase the duration of periods of 
apnea, worsening any preexisting OSA.'°° However, the effect of 
OSA on the natural history and progression of ALD has not been 
studied. 
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Conclusion 


ALD is a continuum of hepatic disease ranging from alcoholic 
steatosis and AH to cirrhosis. Not even a majority of subjects who 
drink alcohol excessively will develop ALD, suggesting that there 
other factors in addition to the quantity and frequency of alcohol 
consumption are involved in the pathogenesis. The studies on the 
association between several genetic polymorphisms and the devel- 
opment of ALD are suggestive of the involvement of several loci, 
and the rs738409 variant of PNPLA3 has been shown to be associ- 
ated with alcoholic liver cirrhosis in several studies.“*”'”” Although 


significant progress has been made in our understanding of the 
pathogenesis and factors modifying the natural history of ALD, 
effective therapies for ALD patients have not been found. Public 
health efforts, such as screening, brief intervention, and referral 
to treatment, and education on the benefits and risks of alcohol 
consumption should reduce the prevalence of risky drinking and 
the development of liver disease. Additional measures that help 
patients who have developed liver disease to abstain from drinking 
alcohol or greatly reduce their alcohol consumption can be 
expected to have a significant benefit.’ 


SUMMARY 


Recent Progress 

e ALD is a continuum of hepatic disease ranging from alcoholic steatosis 
and AH to cirrhosis. These may occur concomitantly. 

e Most individuals who drink alcohol excessively will not develop ALD. We 
do not understand this well. 

e Several factors, such as the pattern of alcohol consumption, sex, diet, 
obesity, and genetic background, appear to influence the development of 
ALD in heavy alcohol drinkers 

e Allelic variations in several genes have been reported to be associated 
with differences in the risk of ALD. To date, the rs738409 (1148M) variant 
of PNPLA3 has been shown to be associated with alcoholic liver cirrhosis 
in several studies. 

e Public health efforts, such as screening, brief intervention, and referral to 
treatment, and education on the benefits and risks of alcohol 
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development of liver disease. 


Key Knowledge Gaps 

e Although significant progress has been made in our understanding of the 
pathogenesis and factors modifying the natural history of ALD, effective 
therapies for ALD patients, especially for those with AH, are lacking. 


Future Direction 

e Future research should also focus on effective intervention that helps 
patients who have developed liver disease to abstain from drinking 
alcohol or reduce their alcohol consumption and prevent a relapse to 
heavy alcohol drinking. 


The complete reference list can be found at www.expertconsult.com. 
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ABBREVIATIONS 


ALD alcoholic liver disease 

AH alcoholic hepatitis 

AUDIT Alcohol Use Disorder Identification Test 

G-CSF granulocyte colony stimulating factor 

HCV hepatitis C virus 

mDF modified discriminant function 

MELD Model for End-Stage Liver Disease 

NIAAA National Institute of Alcoholism and Alcohol Abuse 
STOPAH Steroids or Pentoxifylline for Alcoholic Hepatitis 
PTX pentoxifylline 

TNF tumor necrosis factor 


Prevention of Alcoholic Liver Disease 


Alcohol is known to cause liver injury directly.’ The duration of 
alcohol consumption and the amount of alcohol consumed is 
the most important factor in predisposing an individual to the 
development of alcoholic liver disease (ALD).” The National Insti- 
tute of Alcoholism and Alcohol Abuse (NIAAA) defines harmful 
drinking above the safe limit as more than four drinks per day 
or more than 14 drinks per week for men and more than three 
drinks per day or more than seven drinks per week for women.” 
In a meta-analysis of 15 observational studies, the risk of ALD 
increased exponentially with an average consumption of 50 g 
or more of alcohol per day for 5 to 10 years.” Clearly, the most 
effective strategies for prevention of ALD should aim to reduce 
alcohol consumption among the population. Effective implemen- 
tation of policies on alcohol sale in southern Europe has resulted 
in trends of decreasing mortality related to ALD. In contrast, 
similar trends have not been observed in eastern Europe and parts 
of northern Europe such as Ireland and the United Kingdom, 
where such policies on alcohol sale have not been implemented 
effectively.’ 


Primary Prevention 


This intervention refers to measures reducing the exposure 
to alcohol, the causative agent of ALD. The alcohol industry 


continues to grow; a network and lobbying in alcohol production, 
marketing and advertising, distribution and sale, and international 
trading has resulted in a continuous increase in alcohol consump- 
tion not only in developed countries but also in developing coun- 
tries.’ Although much research is being done to understand the 
mechanisms and pharmacology of alcohol consumption behavior, 
there remains an urgent need to implement cost-effective policy 
measures (Table 24-1) at federal, national, and state levels. 


Secondary Prevention 


Screening for Alcohol Consumption 


This strategy refers to measures aiming to identify individuals who 
are exposed to the risk factor and implement measures to prevent 
development of ALD. A large survey from the NIAAA showed 
that approximately 25% of people in the United States drink 
above the safe limits.° Screening for alcohol consumption should 
be performed at every face-to-face encounter of a person with the 
healthcare provider, including clinics, the emergency department, 
an inpatient setting, maternity centers, and ambulatory centers. 
Among individuals with self-report of alcohol consumption any 
time in their life, asking a single question such how many times 
in the past year they have had five drinks or more for men and 
four drinks or more for women is an efficient tool, as most heavy 
drinkers have engaged in this amount of drinking at some time 
point during the past year. CAGE (Table 24-2) and Alcohol Use 
Disorder Identification Test (AUDIT) questionnaires are often 
used for formal screening. With 10 questions on the AUDIT tool, 
each answered on a scale from 0 to 4, a score of more than 6 for 
men and more than 4 for women identifies heavy drinkers with 
excellent reliability and validity.’ The best way to obtain accurate 
information on the AUDIT questionnaire is to let the patient 
complete the form. 
Identifying at-risk drinkers provides an opportunity to 
l. provide brief counseling sessions for occasional heavy 
drinkers 
2. refer the patient for strategies on cessation of alcohol consump- 
tion for regular heavy drinkers (see the section entitled “Alcohol 
Abstinence”) 
3. evaluate the patient for any physical problems from alcohol 
consumption such as ALD, chronic pancreatitis, cardiomyopa- 
thy, and neuropathy 
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WAE Strategies and Policies to Reduce 
“Sell Alcohol Consumption 
A. Reducing production and sale 
e Health awareness campaigns on harmful effects of alcohol 
e Regulation of production and alcohol manufacturing industries 
e Need for license for sale of alcohol 
e Regulating hours and days of sale of alcohol 
B. Regulation of marketing and advertising 
e Ban on sponsorship of social events by alcohol producers and 
manufacturers 
e Ban on marketing and advertising of alcohol in the media and 
in public places 
e “Alcohol use is injurious to health” slogan on the bottles 
similarly to that on cigarette packets 
e Increase in taxes on sale of alcohol 
e Ban on alcohol as a commodity in duty-free shops at 
international airports 
e Ban alcohol as a gift to friends and colleagues 
C. Implementing changes in law 
Increasing minimum age for buying alcohol 
Reducing the blood alcohol limit for drink and driving penalties 
Random breath tests with more check points 
More severe penalties for alcohol-related crimes 
Suspension of license until completion of alcohol treatment for 
drunk drivers 
e Ban on drinking in public places similarly to that introduced for 
tobacco use 
D. Treatment of alcoholism 
e Brief counseling sessions 
Behavioral therapies 
Rehabilitation programs 
Alcoholics Anonymous 
Pharmacologic options 


TABLE . š 
CAGE Questionnaire 


Have you ever felt you needed to Cut down on your drinking? 
Have people Annoyed you by criticizing your drinking? 

Have you ever felt Guilty about your drinking? 

Have you ever felt you needed a drink in the morning (Eye-opener) 
to steady your nerves or to get rid of a hangover? 


a G2 AS 


4, evaluate the patent for psychosocial issues such as job perfor- 
mance, marital and domestic issues, depression, anxiety, and 
other substance use disorders 

5. promote a healthier lifestyle such as safe driving, smoking ces- 
sation, and exercise 

Randomized studies have shown that brief counseling sessions for 

these individuals are beneficial and cost-effective, with reduction 

in alcohol consumption, improved physical and mental health, 
reduced hospitalizations and emergency department visits, and 
reduced number motor vehicle accidents.*” 


Tertiary Prevention 


This mode of prevention refers to strategies for maintaining absti- 
nence and prevention of recidivism among patients with estab- 
lished ALD. Unfortunately, in patients with ALD, advanced liver 


disease with cirrhosis or its complications, or severe alcoholic 
hepatitis (AH) is frequently diagnosed at the time of initial clinical 
presentation. In this regard, it becomes critical to implement 
strategies for workup of liver disease among heavy drinkers identi- 
fied during screening for alcohol consumption. However, the 
cost-efficacy of such an approach remains to be determined given 
that approximately 25% of the U.S. population consumes alcohol 
above the safe limit at some point in time.° 


Treatment of Alcoholic Liver Disease 


The spectrum of ALD extends from steatosis and steatohepatitis to 
liver cirrhosis and its complications. Approximately 25% to 30% 
of individuals with ALD develop the unique syndrome of AH, 
presenting with acute on chronic liver failure, with a potential for 
high mortality of approximately 40% to 50% at 1 month from 
presentation. ™!? Mortality for the whole spectrum of ALD has 
significantly decreased in the last 3 decades. From the National 
Inpatient Sample database, inpatient mortality decreased from 
approximately 10% in 2002 to 5.8% in 2010 in one study, 
and in another study there was an approximately 7% annual 
decrease between 1998 and 2007." Similarly, there has been trend 
of improvement in survival of patients with alcoholic cirrhosis. 
For example, in one study using the National Vital Statistics 
data, age- and sex-adjusted incidence rates of mortality related 
to ALD decreased from 6.9 per 100,000 persons in 1980 to 4.4 
per 100,000 persons in 2003.'° Although alcohol consumption 
in the United States and many parts of the world also decreased 
over the same time period, the reduction in mortality exceeds the 
reduction in consumption.” This may reflect an improvement in 
the treatment of patients with ALD and its complications. This 
section describes the diagnosis and various treatment strategies 
for AH and for alcoholic cirrhosis, with focus on the current status 
of corticosteroid therapy, pentoxifylline (PTX) therapy, and liver 
transplant in the management of severe AH. We will also describe 
emerging pharmacologic therapies directed at the newer targets 
in the pathogenesis of AH, which are being evaluated by various 
U.S. research consortia, sponsored by the NIAAA. 


Diagnosis of Alcoholic Hepatitis 


AH presents with acute on chronic liver failure among patients 

with long-term and active alcohol consumption, and should be 

differentiated from decompensated ALD. The clinical features 

supporting this diagnosis are 

1. recent onset of jaundice (serum bilirubin level >3 mg/dL) 

2. history of heavy alcohol consumption on a long-term basis 
until at least 3 to 4 weeks before the onset of illness 

3. serum aminotransferases level greater than 50 U/L but less 
than 400 U/L, with a serum aspartate aminotransferase to 
alanine aminotransferase ratio greater than 1.5:1 

4. frequent presence of features of systemic inflammatory response 
syndrome such as fever, leukocytosis, tachycardia, and tachy- 
pnea (Table 24-3)'''8 

White blood cell and platelet count may be helpful in improving 

the accuracy of clinical diagnosis.” Patients with an uncertain 

clinical diagnosis and those with the presence of concomitant 

other hepatotoxin or liver disease should undergo liver biopsy to 

confirm the diagnosis of AH.'**°*' As these patients often have 

coagulopathy, a transjugular route is often used to obtain the liver 

tissue.” Histologic findings supporting the diagnosis of AH 
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TABLE 
24-3 


Initial Workup for a Patient With 
Decompensated Alcoholic Liver Disease 
and Diagnosis of Alcoholic Hepatitis 


A. Documentation of alcohol as the cause of liver disease 
e Detailed alcohol history on amount, duration, and date of last 
drink 
e Exclusion of other liver diseases 
e Evaluation of list of medications for potential drug-induced liver 
injury 
B. Diagnosis of alcoholic hepatitis 
e Long-term and active heavy alcohol consumption until 3 wk 
before onset of illness 
Recent onset of jaundice with bilirubin level >3mg/dL 
Serum aminotransferase levels >50 U/L but <400 U/L, with 
AST/ALT ratio >1.5:1 
e Ultrasound examination to exclude biliary obstruction and 
cholangitis 
e Liver biopsy for uncertain diagnosis or with concomitant 
hepatotoxin/liver disease 
C. Assessment for other comorbidities and complications 
e Liver disease complications (ascites, encephalopathy, and 
variceal bleeding) 
Malnutrition 
Alcohol withdrawal 
Cardiomyopathy 
Pancreatitis 
Acute kidney injury and hepatorenal syndrome 
D. Workup for infections* 
e Physical examination for any skin source, SBP, pneumonia, 
pyelonephritis 
e Blood cultures, including fungal cultures, when there is a high 
index of suspicion 
e Urine analysis and culture 
e Ascitic fluid examination and culture 
e Stool for Clostridium difficile infection 


*Consider nosocomial source if infection onset during hospitalization and for patients hospi- 
talized within the last 3 months or coming from a nursing home. 

ALT, Alanine aminotransferase; AST, aspartate aminotransferase; SBP spontaneous bacterial 
peritonitis. 


include macrovesicular steatosis, neutrophilic lobular infiltration, 
hepatocyte ballooning, and Mallory-Denk bodies. In more severe 
cases intrahepatic cholestasis (hepatocytes, bile ductules, or bile 
canaliculi) and zone 3 perivenular injury with pericellular fibrosis 
ora “chicken-wire” pattern of fibrosis may develop (Fig. 24-1).'*”* 
Liver biopsy may also be useful in predicting disease severity and 
outcome of AH with use of fibrosis stage, degree of lobular neu- 
trophilic infiltration, location of cholestasis, and presence of 
megamitochondria (Table 24-4).”'”’ Ultrasonography should be 
performed to rule out bile duct obstruction and hepatocellular 
carcinoma. Detailed assessment of patients is crucial for evalua- 
tion of comorbidities, liver disease complications, infections, and/ 


or sepsis (see Table 24-3). 


Assessment of Disease Severity 


After AH has been diagnosed, the disease severity should be 
assessed to identify patients with a severe episode of AH and to 
administer specific therapy to these patients. Many scoring systems 
are currently available to stratify the disease severity of AH patients 


(see Table 24-4). 


WEJ Scoring Systems to Stratify the Severity of 
eee Alcoholic Hepatitis Episodes 


mDF 292 Simple and Variations in prothrombin time 
widely used across laboratories, does not 
for treatment guide treatment, and 
initiation potential for inaccuracy in 
mild alcoholic hepatitis 
MELD >21 Use of Emerging consensus on cutoff 
international for severe disease and not 
normalized used widely in clinical trials 
ratio, widely 
used 
CTP* >7 Simple and Includes two subjective 
widely used variables and not widely 
used 
GAHS' >9 Simple to use Not validated outside the 
United Kingdom 
Lille >0.45 Validated in Not validated outside France, 
many French complex formula to use, and 
studies cannot guide treatment 
initiation 
ABIC >29 Simple Not validated and no data on 
guiding treatment 
AHHS' >25 Accurate Not validated and invasive with 


need for liver biopsy 


*Serum bilirubin concentration scored from 1 to 3: less than 2, 2 to 3, and greater than 3; 
prothrombin time scored from 1 to 3: less than 4 seconds, 4 seconds to 6 seconds, more 
han 6 seconds above control; serum albumin concentration scored from 1 to 3: greater than 
3.5, 2.8 to 3.5, less than 2.8; ascites scored from 1 to 3: absent, slight, tense; and encepha- 
opathy scored from 1 to 3: none, grade | or Il, grade Ill or IV. Total score range 5 to 15. 
‘Age scored as 1 or 2: younger than 50 years or 50 years or older; white blood cell count 
scored as 1 or 2: less than 15 or 15 or greater; blood urea nitrogen concentration scored 
as 1 or 2: less than 14 or 14 or greater; serum bilirubin concentration scored from 1 to 3: 
less than 7.3, 7.3 to 14.6, and greater than 14.6; international normalized ratio scored from 
1 to 3: less than 1.5, 1.5 to 2.0, greater than 2.0. Total score range 5 to 12. 

*Bridging fibrosis or cirrhosis scored as 3 otherwise as 0, neutrophilic infiltration absent 
scored as 2 and present scored as 0, bilirubinostasis scored as 0 to 2: absent or hepatocel- 
ular 0, ductular or canalicular 1, canalicular/ductular and hepatocellular 2; megamitochon- 
dria scored as 2 if absent and 0 if present. Total score range 0 to 9. 

ABIC, Age, bilirubin concentration, international normalized ratio, creatinine concentration; 
AHHS, alcoholic hepatitis histologic score; CTP. Child-Turcotte Pugh; GAHS, Glasgow Alco- 
holic Hepatitis Score; mDF, modified discriminant function; MELD, Model for End-Stage Liver 
Disease. 


Modified Discriminant Function Score 


Initially described by Maddrey et al.” in 1989 as a discriminant 


function index, this score was modified with prolongation of 
prothrombin time over the control value instead of the use of the 
absolute value: 4.6 x (prothrombin time in seconds — control 
value) + serum bilirubin concentration in milligrams per decili- 
ter.” Patients with a modified discriminant function (mDF) score 
of 32 or greater are categorized as having severe AH and are con- 
sidered for corticosteroid therapy.” Use of this score is limited as 
patients identified as having a milder episode and not considered 
candidates for corticosteroid therapy have an approximately 7% 
risk of dying within 28 days.” 
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lobular infiltration (arrow); (B) cholestasis within hepatocytes and within the bile ductules and canaliculi 
(arrow); and (C) perivenular fibrosis and chicken-wire fibrosis pattern. Decompensated alcoholic liver 
disease patients may show only underlying cirrhosis without definite findings of alcoholic hepatitis (D). 


Model for End-Stage Liver Disease Score 


The Model for End-Stage Liver Disease (MELD) score is world- 
wide to allocate livers for patients listed for liver transplant.” 
Many studies have shown the utility of the MELD score in pre- 
dicting the outcome of AH patients, and a patient with a score 
of 20 or greater is considered to have severe AH.***° The score 
can be calculated on the website http://www.mayoclinic.org/ 
meld/mayomodel7.html with use of the serum bilirubin concen- 
tration, international normalized ratio, and serum creatinine con- 
centration. In another study, the MELD modified with the serum 
sodium concentration was no better than the MELD among AH 
patients with ascites.*’ 


Child-Turcotte-Pugh Score 

Using three objective (serum bilirubin concentration, serum 
albumin concentration, and prothrombin time) and two subjec- 
tive (hepatic encephalopathy and ascites) variables, this score cat- 
egorizes a patient a having stage A, B, or C disease with a total 
score of 5 or 6, 7 to 9, or more than 9, respectively (see Table 
24-4). The Child-Turcotte-Pugh score is not widely used for 
assessing severity of AH. 


Glasgow Alcoholic Hepatitis Score 


With a range from 5 to 12, a Glasgow AH score of 9 or more was 
shown to accurately predict survival of severe AH patients at 28 
days and 84 days (see Table 24-4),” and also predict response to 
corticosteroid treatment.” In spite of its availability for almost a 
decade, this score is not widely used in routine clinical practice. 


Age, Bilirubin Concentration, International 
Normalized Ratio, Creatinine Concentration 


With use of the cutoff values of 6.71 and 9.0 for this score, AH 
patients can be categorized as having low, intermediate, and high 
risk of death at 90 days and at 1 year.” 


Lille Score 

Derived from a prospective study of 320 biopsy-proven severe 
AH patients, the Lille score identified AH patients not respond- 
ing to corticosteroid therapy at 1 week of therapy (see Table 
24-4), Although not useful to guide initiation of therapy, this 
score is helpful in guiding treatment with corticosteroids beyond 
1 week of therapy. Patients with a Lille score greater than 0.45 
will likely not receive further benefit from corticosteroids and are 
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recommended to discontinue therapy.” The score can be calcu- 
lated on the website http://www.lillemodel.com/score.asp with 
use of the patient’s age, serum bilirubin concentration at day 0 and 
day 7 of corticosteroid therapy, serum creatinine concentration at 
day 0, serum albumin concentration at day 0, and prothrombin 
time at day 0. The website allows one to enter bilirubin and cre- 
atinine values in micromoles per liter as well as in milligrams per 
deciliter. In another study from the same center, the Lille score 
could be further categorized for high, intermediate, and low risk 
of death with a score of less than 0.16, 0.16 to 0.56, or more than 
0.56, with survival rates of 87%, 70%, and 21%, respectively, 
at 6 months.” 


Comparison of Scoring Systems 

Many studies have compared MELD with mDR****’”’*? MELD 
with CPT score,” and Glasgow AH score with mDE.** The 
comparison studies have shown conflicting data as to which score 
is best, likely due to heterogeneity of the study population or 
variation in the time at which survival is estimated across dif- 
ferent studies. Some of the other potential factors explaining 
these differences are the use of liver biopsy in AH diagnosis, the 
presence of underlying cirrhosis, inclusion and exclusion criteria, 
and the use of specific treatment for AH. All the scoring systems 
have some limitation, and an ideal score does not exist (see Table 
24-4). Currently, in routine practice an mDF score of 32 or 
greater and a MELD score of 20 or greater are used for initiation 
of treatment and the Lille score is used for guiding treatment 
response.” Recently, a dynamic model using the MELD score 
at the baseline and the Lille score at 1 week of corticosteroid 
therapy performed better than either score alone in predicting 
outcome of AH.“ 


Liver Histology 


In a prospective biopsy-proven cohort of AH patients, fibro- 
sis stage, neutrophilic infiltration, type of bilirubinostasis, and 
megamitochondria independently predicted survival of AH 
patients at 90 days (see Table 24-4).*' With a total score ranging 
between 0 and 9, the AH histologic score can accurately catego- 
rize patients as having low, intermediate, and high risk of dying 
at 90 days.” 


Emerging Scoring Systems 

Neutrophilic leukocytosis, portal blood flow changes, hepatic 
venous pressure gradient, serum ammonia levels, organ failure 
score, cytokine levels, degree of steatosis on biopsy, and AH his- 
tologic score correlate with outcome and response to corticoste- 
roids.”*?*” Data are also emerging on defects in mitochondrial 
bioenergetics and oxidative burst, with reduced levels of NADPH 
oxidase in monocytes isolated from peripheral blood predicting 
disease severity and response to corticosteroids. 


Treatment of Severe Episodes 
of Alcoholic Hepatitis 


Patients with severe AH are at high risk of short-term death from 
progressive liver failure. Many pharmacologic options have been 


examined (Table 24-5). 


Corticosteroids 


These drugs have remained controversial in the management of 
AH ever since they were evaluated in a randomized controlled 
study for AH treatment.” 


WAJE Specific Therapeutic Options in the 
zaa Management of Alcoholic Hepatitis 
A. Therapies with potential efficacy 
1. Specific pharmacologic treatments 
e Corticosteroids 
e Pentoxifylline 
e N-Acetylcysteine 
2. General management 
e Management of alcohol withdrawal 
e Management of complications of cirrhosis 
3. Nutritional supplementation 
e Enteral 
e Parenteral 
4. Liver transplant 
5. Abstinence 
e Behavioral therapies 
e Pharmacologic therapies: acamprosate, disulfiram, baclofen, 
gabapentin, sertraline, naltrexone, metadoxine 
B. Therapies with no efficacy 
1. Tumor necrosis factor œ inhibitors 
2. Antioxidant cocktail 
3. Vitamin E 
4. Insulin and glucagon 
5. Anabolic steroids 
6. Propylthiouracil 
7. Molecular adsorbent recirculating system dialysis 
Emerging therapies 
1. Drugs targeting the gut-liver axis 
e Antibiotics, probiotics 
IgG antibodies to lipopolysaccharide 
Melatonin 
Zinc 
Obeticholic acid 
MicroRNAs 
2. Drugs targeting the inflammatory cascade 
e Emricasan (pan-caspase inhibitor) 
e  Anakinra (interleukin-1 receptor antagonist) 
e Mycophenolate 
3. Drugs targeting oxidative stress or metabolism 
e Metadoxine 
e N-Acetylcysteine 
4. Drugs enhancing hepatic regeneration 
e Granulocyte colony stimulating factor 
e Erythropoietin 
e  Interleukin-22 


C. 


Efficacy of Corticosteroids in Alcoholic Hepatitis Treatment 

In the last 4 decades, 14 randomized controlled studies have 
assessed the use of corticosteroids in the treatment of AH. Of 
these, 12 studies compared corticosteroids with placebo, with 
survival benefit in 5 studies,” of no benefit in 6 studies,” 
and a trend for benefit in the recently reported Steroids or Pent- 
oxifylline for Alcoholic Hepatitis (STOPAH) study.® One study 
comparing corticosteroids with nutritional supplementation 
showed similar survival at 28 days, and higher mortality in the 
prednisolone arm than in the enteral tube feeding arm.” In 
another study, corticosteroids compared with an antioxidant cock- 
tail showed survival benefit at 30 days (70% vs. 54%, p = 0.05). 
The differences in efficacy of corticosteroids across studies are 
likely due to variations in study inclusion/exclusion criteria such 
as the proportion with underlying cirrhosis, the proportion of 
biopsy-proven AH, and variation in disease severity. 4% 3035333-62 


-1-1 SONA Specific Diseases 


For example, in the STOPAH study, patients with less severe AH 
were included, with an overall 28-day mortality in placebo group 
of only 16%, which is much lower than the historical 28-day 
mortality among untreated severe AH patients.''*”®’ Further, 
most patients enrolled in the STOPAH study were recruited 
with a clinical diagnosis of AH, and it is possible that patients 
with decompensated alcoholic cirrhosis may received a diagnosis 
of AH. 

In a meta-analysis, pooled analysis of individual patient data 
on 418 patients (221 corticosteroid-treated patients) from the five 
largest randomized controlled studies," corticosteroids 
provided approximately 50% survival benefit at 28 days (80% vs. 
66%, p < 0.0001). In another meta-analysis of all randomized 
controlled trials, in spite of heterogeneous data, use of corticoste- 


roids was associated with survival benefit in a subgroup of patients 
with severe AH.™ 


Current Status of Corticosteroid Therapy in 

the Management of Alcoholic Hepatitis 

Current guidelines propose that severe AH patients (an mDF 
score 232 and/or presence of hepatic encephalopathy) be treated 
with corticosteroids, provided there are no contraindications for 
their use.*”“° However, these guidelines do not take into account 
the findings of the recently reported STOPAH study. Using a 
2 x 2 factorial design, this study recruited 1103 severe AH patients 
(mean age 49 years, 63% males, 27% with hepatic encephalopa- 
thy, 10% with treated sepsis, mean mDF score 63, mean MELD 
score 21) from 65 centers in the United Kingdom.” Patients with 
active infection/sepsis, gastrointestinal bleeding, renal failure, and 
jaundice for more than 3 months were excluded.” Analysis of 


1053 patients showed a trend for mortality benefit at 28 days with 
prednisolone compared with placebo (13.8% vs. 18%, p = 0.06). 
Prednisolone therapy, however, reduced mortality by 40% at 28 
days on multivariate analysis after patient demographics, AH 
severity, liver disease complications, and receipt of treatment had 
been controlled for. Other predictors of mortality at 28 days were 
the patients age, disease severity, renal function, and hepatic 
encephalopathy.”” 

In a recently reported network meta-analysis of pharmacologic 
therapies in AH, data were pooled from 22 randomized studies 
on 2621 AH patients, including the STOPAH study. There was 
moderate-quality evidence for efficacy of corticosteroids in reduc- 
ing short-term mortality (30 days) when used alone, 0.54 (range 
0.39 to 0.73), combined with pentoxifylline, 0.53 (range 0.36 to 
0.78), or combined with N-acetylcysteine, 0.15 (range 0.05 to 
0.39). Currently, prednisolone with or without N-acetylcysteine 
may be considered for severe AH patients, given the lack of avail- 
ability of other effective options (see Fig. 24-1). 


Mechanism of Action 

Corticosteroids have antiinflammatory effects and inhibit T-cell 
immunity.” Inflammation is a major component in the patho- 
genesis of AH (Fig. 24-2), with increased levels of tumor necrosis 
factor (TNF)-o and other cytokines.°** In one study, corticoste- 
roids reduced the levels of soluble intercellular adhesion molecule 
1 in hepatic venous blood and on hepatocyte membrane, reduced 
levels of TNF-a in hepatic vein and peripheral blood, and 
increased lobular infiltration of neutrophils.” In another study, 
corticosteroids induced activation of neutrophils, with a conse- 
quent decrease in the level of the preinflammatory cytokine 
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e Fig. 24-2 Therapeutic pharmacologic interventions targeting the gut-liver axis. A, The gut lumen. 
B, Cross section of the gut mucosa. Clock-2, Circadian locomotor output cycles kaput; FXR, farsenoid 
X receptor; LPS, lipopolysaccharide; cycles kaput 2; PER-2, period circadian clock 2. (Reproduced with 
permission from Singal AK and Shah VH. Alcoholism clinical experimental research. Semin Liver Dis 


2016;36:56-68.) 
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interleukin-8, and an increase in the level of the antiinflammatory 
cytokine interleukin-10.”° 


Use of Corticosteroids in Practice 

Used orally in a dosage of 40 mg per day, prednisolone is preferred 
over prednisone as it does not require metabolism in the liver 
for its therapeutic efficacy. For patients unable to take it orally, 
methylprednisolone, 32 mg intravenously daily, is an option.” 
Response to therapy is determined by the Lille score or the change 
in serum bilirubin levels at 1 week after treatment, with a Lille 
score of greater than 0.45 defined as nonresponse to corticoste- 
roids.” It is recommended to discontinue further therapy in these 
patients given no likelihood of further benefit combined with the 
risk of adverse effects, especially serious bacterial and fungal infec- 
tions. 67174 Continuation of corticosteroid therapy beyond 1 
week can be further guided on the basis of response graded as 
complete (Lille score <0.16), partial (Lille score 0.16 to 0.56), 
or null (Lille score >0.56) response, with recommendation to 
discontinue therapy among null responders and careful continu- 
ation among patients with a Lille score between 0.46 and 0.56.” 
Among responders, corticosteroids are given for a total duration 
of 28 days. 

Response to corticosteroids is observed in only approximately 
40% to 50% of patients.’ ">>> The mechanisms of steroid 
responsiveness remain unclear, and are speculated to be due to 
inherent sensitivity of lymphocytes to corticosteroids. In an in 
vitro study, nonresponse to corticosteroids correlated with 
corticosteroid-induced suppression of lymphocyte proliferation, 
with less than 60% suppression defined as resistance to cortico- 
steroids. ° In one study of 34 AH patients, the AH histologic score 
was higher among nonresponders than among responders to cor- 
ticosteroids (8.1 + 1.1 vs. 5.4 + 0.9, p = 0.003).” 

In spite of the only available potentially beneficial pharmaco- 
logic option for severe AH patients, corticosteroids are not used 
routinely in clinical practice. For example, a survey of practicing 
gastroenterologists and hepatologists showed that only 25% of 
providers in one survey and 45% of providers in another survey 
reported routine use of corticosteroids to treat severe AH 
patients. ™®”? Another retrospective analysis of patient-level data 
using anonymous electronic medical records showed use of corti- 
costeroids in only 8% to 9% of admitted patients with AH.*° The 
likely reasons for this practice pattern and limited use of cortico- 
steroids in the real world are fear of adverse effects of corticoste- 
roids and the unpredictable response. Until newer, more effective 
and safer pharmacologic options are available, there remains a 
need for biomarkers that can be used in clinical practice and can 
accurately predict response to corticosteroids at the time of 
presentation, S97 


Contraindications for Corticosteroid Therapy 

Active infection or sepsis is the most common concern in patients 
with AH. Innate immune dysfunction and paralysis with decreased 
phagocytic activity of peripheral neutrophils sets the stage for 
occurrence of infections or sepsis among patients with severe 
AH. Approximately 20% to 25% of AH patients may have 
infections at the time of presentation.”“**’ In one study, infec- 
tions contributed to approximately 16% to 20% of all deaths 
among AH patients.® Physicians treating these patients should 
have a low threshold for suspecting infection by atypical organ- 
isms such as fungal infection, pneumocystis, Clostridium difficile 
infection, and multidrug-resistant bacterial infections.”***°** A 
detailed history should be obtained and comprehensive clinical 


evaluation should be performed with a focus on infection such as 
infected lines, cellulitis, and pneumonia. Appropriate rigorous 
infectious workup should be instituted (blood cultures, urine 
analysis, urine culture, ascitic fluid examination and culture, chest 
X-ray) before presumptive antibiotic therapy is started. Clinicians 
should have high suspicion of multidrug-resistant organisms 
when dealing with patients with recent or frequent hospitaliza- 
tions, patients in nursing homes, and those receiving multiple 
antibiotics frequently in the recent past. 

Patients with bacterial infection at admission may be treated 
with corticosteroids after the infection has been appropriately 
controlled with antibiotics. In a prospective study, 63 patients 
with severe AH, who also had bacterial infected at admission, were 
given corticosteroids after control of infection. These patients had 
outcome similar to that of uninfected patients who were treated 
with corticosteroids.*’ In another prospective study infections at 
admission did not result in higher mortality in infected patients 
compared with uninfected patients.” However, bacterial infec- 
tions that developed during hospitalization resulted in poor 
outcome. Therefore all AH patients should have infectious workup 
at admission to rule out the presence of infection and differentiate 
this from infections occurring during hospitalization. 

Other contraindications for corticosteroid therapy are active 
gastrointestinal bleeding and uncontrolled diabetes mellitus.” 
Acute kidney injury occurs in approximately a third of patients 
with severe AH, with a negative impact on their survival.”””! 
Hepatorenal syndrome occurs in approximately 7% of these 
patients and is one of the major causes of death in these patients. 
Patients with acute kidney injury or hepatorenal syndrome 
respond poorly to corticosteroid therapy, and it is generally rec- 
ommended to reverse the renal function first before starting cor- 
ticosteroid therapy. In one study, AH patients with hepatorenal 
syndrome had only 17% survival compared with 68% in the 
absence of hepatorenal syndrome.” In that study, terlipressin was 
first used to treat hepatorenal syndrome and corticosteroids were 
given to patients only after reversal of this complication. None of 
the patients without reversal of hepatorenal syndrome survived. 
In contrast, more than 80% of patients with reversal of hepatore- 
nal syndrome and response to subsequent use of corticosteroids 
survived.” Prednisolone therapy may be initiated for severe AH 
patients with concomitant acute pancreatitis, although more data 
are needed on this issue.” The presence of hepatitis C virus 
(HCV) infection may potentially worsen the outcome of AH 
patients.'*’*°° Corticosteroids may increase HCV replication 
when used in high doses or for a long duration.”””” There are no 
studies examining the safety of the use of corticosteroids among 
severe AH patients who also have concomitant HCV infection, 
as traditionally these patients have been excluded from random- 
ized controlled studies.” 


Infections in Patients Receiving Corticosteroid Therapy 

Corticosteroids compromise the immune status of an individual, 
and development of superimposed infections is an obvious 
concern.” Although infections in patients receiving steroid 
therapy usually develop among nonresponders to steroids, approx- 
imately 10% of responders to steroids may also potentially develop 
infections.” Therefore it is not only recommended to discontinue 
use of these drugs if the patient remains nonresponsive at 1 week 
of therapy but responders should also be closely followed up with 
a low threshold of suspicion of infection and institution of appro- 
priate infectious workup. As the clinical trials did not have estab- 
lished protocols for infection surveillance, the exact prevalence of 
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infections among corticosteroid-treated patients is lacking. In a 
meta-analysis of 10 randomized studies on severe AH patients 
(n = 512 with 257 corticosteroid treated) without infection at 
the baseline, 20% of patients developed infection on follow-up, 
with no differences among patients treated with and without 
corticosteroids (20% vs. 19%, 0.82 [range 0.5 to 1.37]).” In a 
prospective study of 162 AH patients, infections during hospital- 
ization occurred more frequently among 79 patients treated with 
corticosteroids than among 83 patients not receiving these drugs 
(52% vs. 36%, p = 0.043). Although there was a higher fre- 
quency of infections among 547 corticosteroid-treated patients 
than among 545 patients not receiving corticosteroids (13.5% vs. 
7.9%, p = 0.003) in the STOPAH study, death from infections 
was no different in the two groups, with 24% of all deaths in the 
study due to infections.” From pooled data from 12 randomized 
studies comparing corticosteroids and placebo, including the 
STOPAH study, corticosteroid use is not significantly associated 
with infection risk: 0.98 (range 0.49 to 1.94). However, in that 
pooled analysis of 1062 patients (528 receiving corticosteroids), 
steroids increased the risk of fungal infections, with a total of nine 
fungal infections, of which eight were in patients receiving corti- 
costeroids (p = 0.02).”* In another prospective study following up 
94 severe AH patients for 3 months, invasive aspergillosis occurred 
in 15 patients, 13 cases of which occurred in patients receiving 
corticosteroid therapy.” 

Infections during hospital stay and those occurring in patients 
receiving steroid therapy worsen the outcome of patients with 
severe AH. This acquires more significance for patients who are 
responding to corticosteroid therapy.“ Development of hospital- 
acquired infections from multidrug-resistant bacteria, fungi (sys- 
temic candidemia, invasive aspergillosis, and pneumocystis 
pneumonia), and C. difficile result in higher mortality, morbidity, 
and use of hospital resources.***°*”?""°' In one prospective study, 
invasive aspergillosis in 15 severe AH patients was associated with 
lack of improvement in the clinical status of the patient, with 
none of the patients surviving without liver transplant compared 
with 53% transplant-free survival in 79 patients without this 
fungal infection.” There is currently an unmet need for accurate 
biomarkers such as procalcitonin with a potential for earlier diag- 
nosis of infections especially with atypical organisms and fungi, 
given that it takes time to obtain culture results for these organ- 
isms, delaying appropriate therapy. “ Studies are currently ongoing 
to examine the utility of prophylactic antibiotics as an adjuvant 
therapy to corticosteroids in patients with severe AH.'°?*°°” 


Pentoxifylline 

A phosphodiesterase inhibitor, PTX also inhibits TNF-o activity, 
one of the major cytokines in the pathogenesis of AH.°*'”* PTX 
was evaluated in a double-blind randomized controlled trial for 
its efficacy and safety in severe AH patients. In that study, 101 
patients were enrolled, 49 treated with PTX (400 mg three times 
daily) and the remaining 52 received placebo. With a study dura- 
tion of 28 days, PTX was beneficial in providing mortality benefit 
(46% vs. 25%, p = 0.037).'° PTX was particularly useful in 
reducing deaths from hepatorenal syndrome (50% vs. 92%, p = 
0.009). In that study, although TNF-o levels correlated with 
survival, there was no effect of PTX on the TNF-a levels.” Since 
that study, four other randomized studies have evaluated PTX in 
the treatment of AH, with a trend for mortality benefit (p = 0.09) 
in one study, ™ and no benefit in the other three studies.” In 
a Cochrane meta-analysis of these five studies (7 = 336), PTX 
provided 36% mortality benefit and 60% reduction in death from 


hepatorenal syndrome.'** However, there was insufficient evi- 


dence for any benefit of PTX as four of the five studies were 
abstract publications with the potential of bias.'** 

Direct head-to-head comparison of PTX (400 mg three times 
daily) and corticosteroids (prednisolone 40 mg/day) has per- 
formed in two randomized controlled studies. In one study of 68 
patients (34 in each arm), PTX was better than prednisolone for 
28-day mortality (15% vs. 35%, p = 0.04). That study also 
showed a renal protective effect of PTX with six deaths from 
hepatorenal syndrome in the prednisolone group and no deaths 
from this complication in the PTX group. In the other study, 
there was no difference between the two drugs in terms of survival 
benefit. 

As corticosteroids and PTX work by different mechanisms, 
clinical trials were conducted to examine PTX as a salvage option 
for corticosteroid nonresponders or as an adjuvant to corticoste- 
roid therapy. In one study, 28 nonresponders to corticosteroids at 
1 week were switched to receive PTX at 400 mg 3 times daily. In 
these patients, compared with 58 matched nonresponders con- 
tinuing to receive corticosteroid therapy, there was a survival 
benefit at 28 days (64% vs. 69%, p > 0.05). ” PTX therapy also 
failed when used as an adjuvant to corticosteroid therapy.''"''* In 
one large multicenter randomized study from Europe, 270 biopsy- 
proven AH patients were randomized to receive a combination 
of prednisolone and PTX (n = 133) or prednisolone and placebo 
(n = 137). At the end of 6 months there was no survival benefit 
in the two respective arms (69.9% vs. 69.2%, p = 0.91). However, 
like other studies, this study tended to show a beneficial effect of 
PTX in reducing the probability of development of hepatorenal 
syndrome (8.4% vs. 15.3%, p = 0.07). In a meta-analysis of 10 
studies (7 = 884) on severe AH patients, PTX failed to show a 
survival benefit at 1 month, 0.58 (range 0.31 to 1.07, p = 0.06), 
but was effective in reducing the occurrence of hepatorenal syn- 
drome by 53%, 0.47 (range 0.26 to 0.86).''? The exact mecha- 
nism of PTX efficacy on renal protection remains unclear. 


Current Status of Pentoxifylline in the 

Treatment of Alcoholic Hepatitis 

PTX remains an alternative first-line option based on center pro- 
tocol and also when use of corticosteroids is contraindicated. It is 
also considered a second-line option for nonresponders to cortico- 
steroids.” However, controversial data on the efficacy of PTX 
have questioned its role in the management of severe AH.'°*'"? 
To explore the status of PTX in the management of severe AH, 
the STOPAH study was planned in 2011, with a projected enroll- 
ment of 1200 patients (300 in each arm: prednisolone-placebo, 
PTX-placebo, prednisolone-PTX, and placebo-placebo). From 
analysis of 1053 patients (266, 258, 260, and 269 in the respec- 
tive arms) of the total of 1103 randomized patients, PTX did 
not provide any mortality benefit at 28 days from a comparison 
of 518 patients receiving PTX and 535 patients who did not 
receive PTX (16% vs. 16%, p = 0.69). Similarly, there was no 
mortality benefit with PTX at 3 months or 1 year of therapy. 
In a network meta-analysis of 22 studies, there was low-quality 
evidence for a beneficial effect of PTX in reducing mortality at 
28 days, 0.70 (range 0.50 to 0.97).°* In this pooled analysis, 
PTX provided renal protection, with decreased incidence of acute 
kidney injury.“ Although the data are clear on the lack of benefit 
of PTX in AH treatment, PTX is still occasionally used in clini- 
cal practice given its excellent safety profile, potential efficacy in 
protection from hepatorenal syndrome, and lack of alternative 
safe and effective options. 
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Tumor Necrosis Factor a Inhibitors 


TNF-© concentration is increased in AH patients, and TNF-a is 
an important cytokine in the pathogenesis of AH. On the basis 
of preclinical efficacy and beneficial effects in open-label pilot 
studies,''*''® anti-TNF agents were studied in randomized clinical 
trials to examine their efficacy and safety in the treatment of severe 
AH." In a placebo-controlled randomized study of 20 patients 
with biopsy-proven severe AH, single infliximab infusion (5 mg/ 
kg) in combination with corticosteroids was beneficial in reducing 
the mDF score at 28 days as compared with patients receiving 
steroids with placebo infusion.''? However, this benefit was not 
observed in the other randomized placebo-controlled study using 
three serial infusions of infliximab at 10 mg/kg. Further, the trial 
had to be terminated early, as infliximab-treated patients com- 
pared to those receiving placebo experienced more deaths and 
severe infections within 2 months of starting treatment.” A 
higher dose of infliximab and inclusion of patients with more 
severe AH in the latter study'”” may explain the differences from 
the previously reported data with infliximab. Etanercept, another 
anti-TNF drug, was tested in a double-blind placebo-controlled 
study of 48 patients with severe AH. Similarly to the experience 
with infliximab, etanercept as compared with placebo was associ- 
ated with higher mortality at 6 months (58% vs 23%; p = 0.017) 
and higher frequency of serious infections (35% vs. 9%; p = 
0.04).'*' Anti-TNF agents not only inhibit the inflammatory 
effects of TNF but also its beneficial effect on hepatic regenera- 
tion, and this probably explains the occurrence of more infections 
and deaths with the both anti-TNF agents.'** On the basis of 
these data, anti-TNF agents are not recommended for treatment 
of AH patients. 


Antioxidants 


The levels of markers of oxidative stress are frequently elevated in 
AH patients.” Use of antioxidant cocktails and vitamin E in 
earlier studies was not found to be beneficial in AH patients. 6'41 
In a recently reported study, daily infusion of N-acetylcysteine for 
5 days was assessed as an adjuvant to 4 weeks of prednisolone 
therapy in a multicenter randomized controlled study of 174 
patients with severe AH. N-Acetylcysteine combined with pred- 
nisolone as compared with prednisolone alone improved survival 
at 1 month (92% vs. 76%, p = 0.006) because of the lower mor- 
tality in this group related to hepatorenal syndrome (9% vs. 22%, 
p = 0.02). Survival was similar in the two groups at 3 or 6 
months. A network meta-analysis comparing various pharmaco- 
logic agents supported the use of the N-acetylcysteine and pred- 
nisolone combination in the management of severe AH. 


Hepatic Mitogens and Growth Factors 

Survival of AH patient correlates with hepatic regenerative capac- 
ity as assessed by the intensity of liver tissue staining for proliferat- 
ing cell nuclear antigen.'”’ In one study, explants from transplant 
recipients for AH compared with explants from alcoholic cirrho- 
sis patients and with fragments of normal liver showed reduced 
levels of cytokines involved in hepatic regeneration (TNF-a 
and interleukin-6) and markers of hepatocyte proliferation.” 
Although hepatocyte progenitor cells were in abundance in AH 
explants, they matured into cholangiocytes and biliary cells rather 
than mature hepatocytes.'** On the basis of preclinical efficacy in 
a partial hepatectomy model in rats, insulin and glucagon therapy 
was assessed as a potential therapy for AH patients.'’ Although 
there was a significant survival benefit in one study,’ two subse- 
quent, larger studies could not duplicate this benefit, with high 


incidence of hypoglycemia in one of these studies.'*”'*' On the 
basis of the efficacy of anabolic steroids in promoting hepato- 
cyte regeneration, testosterone or oxandrolone were evaluated for 
treatment of severe AH, but were without any benefit in all three 
randomized studies. '** 


Propylthiouracil 

Centrilobular hypoxia and zone 3 liver injury is a characteris- 
tics feature of ALD.'” Ethanol induces a hypermetabolic state 
leading to the centrilobular hypoxia, and this has been successfully 
reversed in an animal model with use of the antithyroid drug 
propylthiouracil.'** Although there was clinical and biochemical 
improvement, there was no effect on patient survival. 4!” 


Albumin Dialysis and Miscellaneous Therapies 


In a randomized controlled study, use of extracorporeal albumin 
dialysis using the molecular adsorbent recycling system was associ- 
ated with a decrease in serum bilirubin and creatinine values, an 
increase in platelet counts, and abatement of hepatic encephalopa- 
thy. However, there was no survival benefit.'*° The treatment was 
safe, without any side effects.'*° This treatment may be of benefit 
as bridging therapy for sick patients awaiting liver transplant. 
Adacolumn granulocyte apheresis with selective removal of 
myeloid cells from the blood and strategies for renewal of hepa- 
tocytes are potential emerging therapies for these patients. °> 


General Management Measures 


Management of Alcohol Withdrawal 


Patients with AH are at risk of alcohol withdrawal within 2 to 4 
days of hospitalization, as they often have been drinking until 
presentation at the hospital. This can manifest itself as insomnia, 
irritability, nausea, vomiting, tremors, and anxiety, and should be 
recognized early. Rarely, patients may develop tonic-clonic sei- 
zures and advance to delirium tremens, with hallucinations, dis- 
orientation, cardiac arrhythmia, hypertension, fever, agitation, 
and diaphoresis.'* Patients with delirium tremens should be 
treated in intensive care as the mortality rate may approach 5% 
because of arrhythmia or infections. Benzodiazepines are used for 
prophylaxis, with lorazepam and oxazepam preferred because of 
their short half-lives. Phenobarbital and propofol are second-line 
therapies, after benzodiazepines.'”” 


Management of Complications of Cirrhosis 

Patients with AH frequently have underlying cirrhosis in approxi- 
mately 60% to 100% of cases.'"!*”*?!'° The management of 
cirrhosis and its complications is similar to that of any other cir- 
rhosis (see the section entitled “Treatment of Alcoholic Cirrhosis” 
and Table 24-6). Acute-on-chronic liver failure from progressive 
liver injury or from superimposed complications such as infec- 
tions or gastrointestinal bleeding is the major cause of death in 
these patients.“° Patients with no response to corticosteroids at 1 
week, who are not eligible for liver transplant, and have four or 
more failed organs are unlikely to survive beyond 3 to 6 months. 
Continuing further intensive treatment of these patients may be 
futile, and consideration may be given for institution of palliative 
measures. “' 


Management of Malnutrition 


Malnutrition of some degree is always present among hospital- 
ized AH patients, with a negative impact on outcome.'“?'*?!° 
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WAE General Measures in the Management of 
PES Alcoholic Cirrhosis 
A. Management of compensated alcoholic cirrhosis 
1. Alcohol abstinence 
2. Vaccinations 
e Hepatitis A vaccine if negative for IgG anti-HAV 
e Hepatitis B vaccine if negative for antibodies to hepatitis B 
surface antigen 
e Influenza vaccination every year 
e Pneumococcal vaccination every 5 yr 
3. Healthy lifestyle counseling 
e Healthy diet and exercise 
e Screening for and advise cessation of smoking and use of 
recreational drugs 
e Use of footwear to avoid injuries and infections 
e Avoid injury during routine daily work such as shaving and 
walking 
e Safe driving* 
Screening and surveillance for varices 
Screening and surveillance for hepatocellular carcinoma 
6. Screening and evaluation for concomitant medical conditions 
(malnutrition, HCV infection, cardiomyopathy, chronic 
pancreatitis, neuropathy) 
7. Screening for psychiatric comorbidities (depression, anxiety, 
other substance use disorder) 
8. Pharmacologic therapies 
e Antioxidants 
e Propylthiouracil 
e Colchicine 
9. Nutritional supplementation 
e Enteral 
e Parenteral 
10. Liver transplant 
B. Management of decompensated alcoholic cirrhosis 
1. All measures as mentioned for compensated cirrhosis 
2. Management of complications of cirrhosis 
e Ascites 
e Varices and bleeding from varices 
e Hepatic encephalopathy 
e Hepatorenal syndrome 
e Hypersplenism and pancytopenia 
3. Liver transplant 


Cul g 


*Patients should be advised not to drive, especially those with hepatic encephalopathy. 
anti-HAV, Hepatitis A virus antibody; HCV, hepatitis C virus. 


The best data on this come from an observational study of male 
veterans hospitalized with AH, showing more than 80% hospital 
mortality with intake of less than 1000 kcal/day and no mortality 
if the daily oral caloric intake exceeded 3000 kcal.“ Subjective 
global assessment is a simple tool to assess the nutritional status 
of patients. A detailed history is obtained to collect information 
on weight (current weight and range over the previous 6 months), 
oral intake and gastrointestinal symptoms, general appearance (fat 
loss, muscle wasting, edema, and ascites), and liver disease com- 
plications (encephalopathy, infections, and renal insufficiency). 
Weight change is least reliable because it can be confounded 
by fluid retention in these patients.'“* Patients who are grossly 
malnourished (subjective global assessment score of 2 or 3) or 
who cannot meet their caloric needs should receive nutritional 
supplementation. 


Enteral Supplementation 


Five randomized controlled studies showed improvement in 
nutritional status with enteral supplementation, but with no sur- 
vival benefit.“ In another randomized study, enteral supple- 
mentation compared with corticosteroid treatment was beneficial 
in preventing death from infections, with survival benefit at 1 
year.”' In a recently reported randomized controlled study of 136 
biopsy-proven severe AH patients,“ intensive enteral nutritional 
as an adjuvant to methylprednisolone therapy was not useful, with 
similar survival at 6 months (56% vs. 48%, p = 0.41). Further, 
enteral supplementation was difficult, with premature withdrawal 
of the feeding tube in 49% cases, and there were five serious 
adverse events related to enteral supplementation. However, more 
deaths were reported among a subgroup of patients with a daily 
caloric intake of less than 21.5 kcal/kg compared with higher 
intake of calories (66% vs. 33%, p < 0.001). 


Parenteral Supplementation 


On the basis of encouraging results of a pilot study of parenteral 
amino acid supplementation in 35 AH patients,” supplementa- 
tion of a standard diet with 70g to 85 g amino acid compared 
with a standard diet improved patient survival (100% vs. 76%; 
p=0.02).'°' However, the survival benefit of parenteral nutritional 
supplementation could not be duplicated in five other studies 
using parenteral supplementation.'””'” Inclusion of patients with 
mild to moderate AH may have resulted in improved survival 
with parenteral nutritional supplementation in this study.’”' All 
these studies, though, resulted in improved nutritional status and 
liver function. 

On the basis of these data, it is recommended to evaluate the 
nutritional status of hospitalized AH patients, with monitoring of 
daily caloric intake. Patients with a daily oral intake below 1000 
to 1200 kcal should be considered for nutritional supplementa- 
tion. The enteral route with its low cost, safety, and lower risk of 
infections is the preferred route. The feeding tube can be safely 
placed in the presence of esophageal varices without active bleed- 
ing or in those who have not undergone recent endoscopic vari- 
ceal banding.’”’ Enteral supplementation should be continued for 
as long as the patient’s caloric intake is inadequate to meet the 
daily requirements. 


Alcohol Abstinence 


Patients with ALD and AH are dealing with two diseases, one of 
liver failure and the other of alcoholism. Pharmacologic therapies, 
including corticosteroids, provide only a short-term mortality 
benefit. For example, in the STOPAH study, with approximately 
30% and 57% mortality at 3 months and 1 year, respectively, 
prednisolone therapy did not impact the outcome at 3 months, 
0.97 (range 0.73 to 1.28, p = 0.81), or at 1 year, 0.99 (range 
0.74 to 1.33, p = 0.97).°° Abstinence from alcohol consump- 
tion has remained the most important determinant of long-term 
survival.°°*!*? Recidivism after an episode of AH frequently 
occurs and can occur in as many as 70% of patients after recov- 
ery from an AH episode.'*° In the recently reported STOPAH 
study, only 45% of survivors at 3 months and 37% at 1 year 
remained alcohol abstinent. The mortality at 1 year was threefold 
higher among recidivists compared with those who stayed absti- 
nent. Recidivists even with light drinking (<2 drinks per day in 
men and <1 drink per day in women) were twofold more likely 
to die at 1 year than patients staying completely abstinent of 
alcohol. 
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Recurrence of AH is a concern among recidivists, and is 
reported to occur in approximately two thirds during or after 
recovery from the initial episode.” Recurrent AH is more 
common in women, and has a more protracted course than the 
initial episode, with a 5-year survival rate of only approximately 
32%."*' Given the lack of reliable models predictive of recidi- 
vism, patients surviving the initial AH episode should be evalu- 
ated by an addiction team to assess their alcohol-drinking behavior 
and implement strategies to prevent recidivism. In one study, a 
psychiatric referral and consult during the index hospitalization 
for AH was beneficial in improving the abstinence rates.'”’ Behav- 
ioral therapies, pharmacologic agents, or a combination of both 
are available approaches to achieve and maintain abstinence. 


Behavioral Therapies 


Cognitive-behavioral therapy, motivational enhancement, the 
12-step approach, couples therapy, and community reinforcement 
are all effective, with the central goal to motivate the individual 
in an empathetic way to modify the drinking behavior.'® Treat- 
ment sessions, each lasting approximately 45 minutes, adminis- 
tered by nurse practitioners are effective, and do not have to be 
specialized or intensive. Some patients who are very sick or have 
more severe alcohol use disorder may need to be admitted to 
specialized rehabilitation programs before they are transitioned to 
outpatient treatment sessions. In addition, help groups such as 
Alcoholics Anonymous can play a major role in the long-term 
management. With the single focus of staying abstinent of alcohol, 
motivated individuals can get an appropriate sponsor meeting 
their requirements by visiting the website http://www.aa.org. 


Pharmacologic Therapies 


Pharmacologic options should be considered for AH patients who 
are at risk for recidivism once they are discharged from the hos- 
pital.'''* Of all the available drugs to maintain abstinence (see 
Table 24-4), baclofen and metadoxine are the only drugs that have 
been found to be safe and effective in ALD patients, including 
those with AH. Baclofen, a y-aminobutyric acid agonist, helps 
reducing craving and anxiety, with efficacy in achieving absti- 
nence. In a randomized placebo-controlled study of 42 patients 
with alcoholic cirrhosis, baclofen therapy (7 = 30) compared with 
placebo (n = 12), increased the abstinence rate (71% vs. 29%, 
p=0.0001) and resulted in higher cumulative abstinence duration 
(63 + 5 days vs. 31 + 6 days, p = 0.001), with a similar dropout 
rate (14% vs. 31%, p =0.12).'°” In another open-label study, 100 
alcohol-dependent patients (65 with cirrhosis) were treated with 
a mean baclofen dosage of 40 mg/day. Approximately 77% of 
patients reported daily alcohol consumption of less than 50% of 
the baseline value. The treatment was associated with improve- 
ment in markers of alcohol consumption (AST, GGT, and MCV) 
and of liver function (bilirubin, albumin, and prothrombin time) 
without any major adverse effects.'°” In 35 AH patients, baclofen 
use for a median duration of approximately 6 months resulted in 
34 patients (97%) safely achieving abstinence. '°” Baclofen therapy 
is started at an initial dosage of 5 mg three times daily. The dosage 
is slowly increased to a maximum of 15 mg 3 times daily, depend- 
ing on patient tolerance. Randomized controlled studies are 
needed to evaluate the efficacy and safety of baclofen in AH 
patients. Metadoxine has an antioxidant effect, in addition to a 
beneficial effect in improving abstinence. In a randomized open- 
label study, 135 AH patients were treated with prednisone, pent- 
oxifylline, prednisone with metadoxine, and PTX with metadoxine. 
Patients who received the combination of either prednisone or 


PTX with metadoxine had significantly better survival compared 
with those who received either agent alone at 3 months and 6 
months (50% to 70% vs. 20% to 33% and 50% vs. 20%, respec- 
tively).'°' Patients who received metadoxine also maintained 
better abstinence (75% vs. 59%, p = 0.02). 


Emerging Pharmacologic Treatments 


It is important to understand the pathogenesis of AH before we 
discuss emerging pharmacologic therapies and newer therapeutic 
targets. A detailed description of the pathogenesis of AH is covered 
in Chapter 22. Although animal models have evolved in the last 
5 decades or so, none of the models mimic the typical human 
phenotype of AH with multiorgan failure and potential for high 
short-term death.'°* However, animal models of AH have helped 
in identifying newer pathways of potential targets for therapy. ^19 
In the last few years, active research and efforts have resulted in a 
plethora of clinical trials as the basis for more effective and safer 
pharmacologic therapies to manage severe AH. These therapeutic 
targets and ongoing clinical trials can be tailored to the various 
components in the pathogenesis of AH: 

1. gut-liver axis 

2. inflammatory cascade and cytokine signaling 

3. oxidative stress 


4, hepatocyte cell death and regeneration’ ™! >? 


Gut-Liver Axis 


Reduction of gastrointestinal motility and gastric acid content 
caused by long-term alcohol consumption often leads to bacte- 
rial overgrowth in the small bowel and a dysregulated microbiota 
(dysbiosis), with predominance of Actinobacteria and Firmicutes 
over bacteroides'’*'® Further, decreased secretion of antimicro- 
bial peptides (Reg3b and Reg3g) by Paneth cells of the intestinal 
mucosa in response to long-term alcohol consumption leads to 
small bowel bacterial overgrowth (see Fig. 24-2).'°'°° This forms 
the rationale for the use of probiotics and antibiotics in the man- 
agement of AH. On the basis of preclinical efficacy in a mouse 
model of ALD,'*”'® probiotics have been used in small random- 
ized placebo-controlled studies in AH patients, showing restora- 
tion of gut flora, with decreases in alanine aminotransferase and 
lipopolysaccharide levels.'”°'” The results of an ongoing clinical 
trial within the NIAAA consortium on the use of Lactobacil- 
lus rhamnosus GG for treatment of moderately severe AH are 
awaited.'’ In a recent randomized study, prophylactic use of nor- 
floxacin, 400 mg/day, as compared with placebo was beneficial in 
improving the 3-month survival in a group of 119 AH patients." 
Outside the NIAAA consortium, there are four ongoing random- 
ized trials using various antibiotics—ciprofloxacin, a combina- 
tion of amoxicillin and clavulinic acid, or rifaximin—as adjuvant 
therapy with corticosteroids for the treatment of AH (see Fig. 
24-2).'">"""° Translocation of bacteria and their endotoxins with 
lipopolysaccharide into the portal circulation occurs across the 
gastrointestinal mucosa, due to a leaky gut and increased small 
intestinal permeability among individuals with alcoholism who 
develop ALD (see Fig. 24-2). 7*7? An ongoing clinical trial 
within the NIAAA consortium is examining the safety and efh- 
cacy of IgG antibodies to lipopolysaccharide using hyperimmune 
bovine colostrum (IMM 124-E).'”'° Zinc deficiency in ALD 
increases gut permeability and promotes apoptosis and endoplas- 
mic reticulum stress.'°°!*'"'** A clinical trial is under way within 
the NIAAA consortium to assess the efficacy of zinc in severe 
AH patients as an adjuvant to treatment with PTX and an IL-1 
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receptor antagonist (see Fig. 24-2). Central circadian rhythm 
and melatonin levels mediate and maintain the intestinal perme- 
ability.'°’ Up-regulation of the circadian locomotor output cycles 
kaput gene (CLOCK) and the period circadian clock 2 (PER2) 
gene in the gastrointestinal mucosa by alcohol consumption 
increases gut permeability and reduces melatonin levels.'** This 
forms the rationale for assessing the role of melatonin replace- 
ment therapy and of microRNA to block the CLOCK and PER2 
genes'®? (see Fig. 24-2). 


Inflammatory Cascade 

The inflammatory cascade begins with activation of toll-like 
receptor 4 on the hepatic Kupffer cells, which recognize the 
pathogen-associated molecular patterns on translocated bacterial 
lipopolysaccharide.®° This initiates generation of an inflamma- 
some (complex of pro-IL-1B and caspase 1), and up-regulates 
inflammation and cytokine signaling in an autocrine fashion via 
IL-1 receptor.'*°'** The naturally occurring cytokine IL-1 recep- 
tor antagonist regulates the effect of IL-1B.'*° On the basis of 
the preclinical efficacy of an IL-1 receptor antagonist (anakinra) 
in mouse models of AH,'*’ this drug is currently undergoing 
evaluation in a randomized clinical trial in AH patients within 
the NIAAA consortium.” IL-8 is involved in the recruitment of 
neutrophils to the liver and their activation. In a mouse model of 
AH, inhibition of IL-8 receptors by pepducins resulted in ame- 
lioration of AH changes, improved liver function, and improved 
survival.'* IL-8 receptor seems to be an attractive therapeutic 
target, and clinical trials are needed to explore the benefit of this 
approach. MicroRNA, small noncoding segments of RNA with 
the ability to silence gene expression, are potential therapeutic 
targets for treatment of AH (see Fig. 24-2).'°° The microRNAs 
miR-155, miR-122, and miR-34 have been shown to mediate 
inflammation or gut permeability and are prone to regulation 
with long-tem alcohol intake. For example, miR-155 mediates 
inflammation via a decrease in suppressor of cytokine signaling, 
and is up-regulated with alcohol exposure.'”' Similarly, miR-34 
mediates apoptosis of hepatocytes in response to ethanol. In 
contrast, miR-122 is a protective microRNA in that it maintains 
gut permeability and cell proliferation, with down-regulation of 
this microRNA in response to exposure to alcohol." Farnesoid 
X receptor are nuclear receptors expressed in the liver and small 
intestine, and control lipid and bile acid metabolism.” Farnesoid 
X receptor activity is suppressed in ALD, mediating inflammation 
with predisposition to AH.'*'” On the basis of the preclini- 
cal efficacy of WAY-362450, a farnesoid X receptor agonist for 
the treatment of AH, there is an ongoing clinical trial to test 
the efficacy and safety of obeticholic acid, another farnesoid X 
receptor agonist, in the treatment of moderately severe AH (see 
Fig, 24-2). 


Oxidative Stress 

Metadoxine, an antioxidant, as an adjuvant to prednisolone 
or PTX therapy compared with prednisolone or PTX therapy 
alone, provided survival benefit at 3 months and 6 months in 
AH patients.'*' It is difficult to know how much of this benefit 
was related to its antioxidant effect, as this drug also improves a 
patient’s ability to achieve and maintain alcohol abstinence. 


Apoptosis and Liver Regeneration 

Emricasan is a pancaspase inhibitor, and inhibits caspase 8, which 
induces hepatocyte apoptosis, and also inhibits caspase 1, which 
mediates generation of the inflammasome and initiates the 


inflammatory cascade. Emricasan has been evaluated in the treat- 
ment of AH within the NIAAA Translational Research and Evolv- 
ing Alcoholic Hepatitis Treatment consortium. However, this 
clinical trial had to be discontinued after recruiting five patients 
because of drug bioavailability issues in these patients. Addi- 
tional phase 1 dose escalation studies are needed to explore the 
safe and effective dose before clinical trials with this drug are 
reinitiated in patients with a high MELD score. 

Liver regeneration in any liver injury, including AH, plays a 
crucial role in determining the outcome of patients. °”! Hepa- 
tocytes, liver progenitor cells, and bone marrow-derived stem 
cells, including neutrophils, determine the hepatic regenerative 
capacity.'”’ Many studies have shown that the intensity of neutro- 
phils on the liver tissue predicts better survival.” On the basis 
of this rationale, use of granulocyte colony stimulating factor 
(G-CSF) has been evaluated in randomized placebo-controlled 
studies. In one such study, G-CSF used in 47 patients with 
decompensated cirrhosis (27 with AH) resulted in reduced fre- 
quency of hepatorenal syndrome (19% vs. 71%, p = 0.002) and 
sepsis (14% vs. 41%, p = 0.04), with improved survival (70% vs. 
29%, p = 0.001).”' These encouraging results were associated 
with an increase in peripheral neutrophil count (p < 0.0001) and 
a percentage increase in CD34 cells (markers of hematopoietic 
stem cells) in the liver (45% vs. 27%, p = 0.01). Similar benefits 
were reported in another open-label pilot study of 46 severe AH 
patients. Compared with standard medical therapy, use of G-CSF 
was associated an increase in the proportion of CD34-positive 
cells in peripheral blood, reduction of disease severity, and better 
patient survival (78% vs. 30%, p = 0.001) at 90 days.” In 
another study from the same center, the combination of G-CSF 
and erythropoietin was better than placebo in improving survival 
at 12 months and in reducing the frequency of sepsis-related 
complications.” Apart from improving hepatic regeneration, 
whether growth factors also help in improving the neutrophil 
function remains a testable hypothesis. Larger randomized 
placebo-controlled studies from other centers and the western 
hemisphere are needed before routine use of G-CSF in the treat- 
ment of severe AH can be recommended. 

Some cytokines such as IL-10 and IL-22 play a crucial role in 
cellular proliferation and differentiation with hepatic regeneration 
(see Fig. 24-2). Because of the efficacy and safety of recombinant 
IL-22 in a mouse model of AH and an observational study 
showing direct correlation of the number of IL-22-producing T 
cells with patient survival, clinical trials are awaited on use of 
IL-22 as an adjuvant to therapy with corticosteroids or anti- TNF 
agents.” 


Liver Transplant in Alcoholic Hepatitis 


Controversy Surrounding Liver 

Transplant in Alcoholic Hepatitis 

The rationale for considering liver transplant in AH patients is 
that some of these patients cannot wait for 6 months of absti- 
nence, given the high short-term mortality in these sick patients. 
In the United States and Europe, 90% to 95% of liver transplants 
are performed with deceased donors,’*’* and therefore the 
general public has a right to raise concerns as to how these organs 
are used. Given the shortage of donor livers, this has opened a 
debate on and led to controversy regarding offering patients 
a transplant for any liver disease, including AH, which is not a 
routinely accepted indication for liver transplant. This debate 
would probably never have happened if most liver transplants 
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were done with liver donors as in many Asian countries,” or 


if there were no shortage of donor organs. Specific to ALD, some 
of the public opinion, especially in the United States, is that liver 
disease in an active drinker is his/her own responsibility and is a 
result of his/her own behavior and should not warrant a donor 
liver.*'' However, other liver diseases that result from patient's 
behavior such as hepatitis B, hepatitis C, nonalcoholic fatty liver 
disease, and acetaminophen overdose are considered acceptable 
indications for liver transplant.”'* In a survey of liver transplant 
center directors in the United States, the approach to and practices 
regarding liver transplant in AH patients were assessed. Apart 
from sociocultural barriers, lack of consensus within the trans- 
plant team regarding the center protocol was the major barrier to 
consider liver transplant in AH patients. ° 


Six Months’ Abstinence Rule 


Liver transplant centers all over the world require a minimum of 
6 months of abstinence from alcohol before they will consider a 
patient with ALD for liver transplant.” This rule was imple- 
mented to allow patients with liver disease to recovery from the 
acute effects of alcoholism.’'’ However, this criterion has since 
been used as a predictor of recidivism after liver transplant. Data 
on the predictive ability of the 6 months rule remain controversial. 
In a systematic review of 22 studies evaluating predictors of recidi- 
vism, 6 months of abstinence could predict recidivism accurately 
in only 2 of the 11 studies that assessed this variable. Stronger 
predictors of recidivism in that systematic review were social sta- 
bility and support (in 6 of 7 studies), preexisting psychiatric 
comorbidities (in 3 of 5 studies), polysubstance use (in 3 of 5 
studies), unsuccessful attempts at rehabilitation (in 2 of 3 studies), 
younger age at liver transplant (in 2 of 3 studies), and family 
history of alcoholism (in 3 of 4 studies).*” In another study, based 
on the degree of drinking (duration and amount) and the number 
of previous rehabilitation treatments for alcoholism, the high-risk 
alcoholism relapse score, which ranges from 0 to 6, was compared 
with 6 months of abstinence in predicting recidivism. The results 
of the study showed that this score was a stronger predictor of 
recidivism than 6 months of pretransplant abstinence.”'° 


Beneficial Efficacy of Early Liver 
Transplant in Alcoholic Hepatitis 


The best data so far on liver transplant in AH come from French 
workers when they challenged the 6-month rule and performed 
transplants on 26 severe AH patients, with a median time to 
listing from documentation of nonresponse to corticosteroids 
(median Lille score 0.88) of 13 days.” In this prospective case- 
control multicenter study, 26 AH patients who underwent early 
liver transplant were compared with 26 nonresponders to corti- 
costeroids (matched for age, sex, mDF score, and Lille score) and 
who did not receive a liver transplant. The study results showed 
a benefit of transplant, with improved survival at 6 months (77% 
vs. 23%, p < 0.001), with a more than sixfold survival benefit 
with liver transplant in this sick population. This benefit was 
maintained through 2 years after transplant.” Similar benefits 
were reported in a study that analyzed the national transplant 
database in the United States. In that study, 55 patients who 
underwent liver transplant for primary listing diagnosis of AH 
(median wait time of approximately 2 months) were compared 
with 165 matched (for age, sex, race, year of transplant, MELD 
score, and donor risk index) patients who underwent liver trans- 
plant for alcoholic cirrhosis (median wait time of approximately 
5 months). The study showed that the 5-year outcomes of AH 


patients compared with patients with alcoholic cirrhosis were 
similar for liver graft survival (75% vs. 73%, p = 0.97) and patient 
survival (80% vs. 78%, p = 0.90).” Other studies have also 
shown that histologic findings of AH in the explants does not 
impact outcome after liver transplant.*'*””° In another study that 
surveyed of the directors of 101 liver transplant centers in the 
United States, with a survey response rate of approximately 45%, 
45 transplants were performed for AH at 11 different centers.” 
With a median wait time of approximately 4 weeks, excellent 
patient survival was reported, 93%, and 87% at 1 year and 5 years 
after liver transplant.” In another recently reported single-center 
study, 9 of 94 patients (9.6%) with severe AH not responding to 
corticosteroids underwent early liver transplant. Compared with 
matched controls, 6-month survival was superior with liver trans- 
plant (89% vs. 11%, p < 0.001), and this benefit was maintained 
through a median follow-up of more than 2 years.” 

In the French study, recidivism occurred in three of 26 patients 
(12%) after approximately 2 years in two patients and after 3 years 
in the third patient.” One of these three patients reported heavy 
recidivism, and the other two were light drinkers. In the database 
study using the United Network Organ Sharing database, although 
recidivism could not be assessed because of lack of information 
on alcohol consumption among liver transplant recipients, none 
of the deaths among recipients of a liver transplant for AH were 
documented to be related to alcohol consumption.*"® Similarly, in 
the survey of liver transplant center directors, eight of 45 patients 
(18%) reported recidivism after liver transplant.” In the single- 
center study reported recently, only one of nine patients (11%) 
reported recidivism in a median follow-up of approximately 2 
years after liver transplant.” These data are similar to historical 
annual recidivism rates reported for patients who underwent 
transplant for alcoholic cirrhosis.” 


Selection Criteria and Impact on the Donor Pool 


In the French study, AH patients were selected on the basis of the 
following criteria: 
. severe AH as the first decompensating event 
. nonresponse to corticosteroids (Lille score >0.45) 
. excellent family support 
. absence of coexisting psychiatric comorbidities 
. agreement by the patient and the family on lifelong abstinence 
from alcohol consumption?” 
The selection of patients was through a rigorous process with the 
need for consensus on excellent psychosocial support among the 
primary team (resident, fellow, and nurses), addiction special- 
ist, hepatologist, surgeon, and anesthesiologist. In the recently 
reported survey, only 50% centers were following all five criteria 
used in the French study, However, there was agreement among 
all the centers performing liver transplant for AH on the need 
for excellent psychosocial support and documentation of non- 
response to steroid therapy as criteria for consideration of liver 
transplant in severe AH patients.” There is an ongoing open- 
label study in Europe with the specific aim to validate the criteria 
for case selection for liver transplant in patients with AH.” If 
these criteria are used in carefully selected patients, only approxi- 
mately 1.5% to 3% of the donor pool would be used for liver 
transplant, and liver transplant provide survival benefit to AH 
patients facing a risk of high mortality in their most productive 
period of life.” Patients who are eligible for liver transplant 
compete with other patients on the list as they do not get listed as 
status 1A or get exception points. In the light of organ shortage, 
live donor liver transplant is an attractive option, with most liver 
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transplants in some Asian countries being performed with live 
donors. However, coercion of potential donors, especially female 
spouses, is a concern as well. Limited data comparing deceased 
and live donors in AH have shown similar outcomes.””’ To reduce 
the risk of recidivism, rigorous selection criteria should be used 
irrespective of what type of donor is used.” 


Barriers to Liver Transplant in Alcoholic Hepatitis 


As reported by the directors of liver transplant centers in the 
United States, the main barriers to and challenges regarding 
liver transplant in AH are the lack of consensus within the team 
regarding the center protocol and sociocultural issues. Other 
common barriers were organ shortage, concern for recidivism, 
lack of supporting benefit for this modality, and lack of insur- 
ance approval.” Surprisingly, 11 of 33 centers not listing or 
performing liver transplant for AH did not report any barriers to 
or challenges regarding use of this modality of treatment in AH 
patients.’ Although, liver transplant provided a clear survival 
benefit for select AH patients, the 1-year survival rate remained 
inferior to the historical survival rate of approximately 90% to 
95% at 1 year after liver transplant for cirrhosis.” Moreover, 
five of six deaths in that study were related to infection within 
2 weeks of surgery, with four of these due to invasive aspergil- 
losis.*'* Severe AH patients remain at risk of fungal infections 
and invasive aspergillosis.”*”’ Larger multicenter prospective 
studies are needed as a basis for developing a uniform proto- 
col for selection of AH patients, immunosuppression, antibiotic 
and antifungal prophylaxis, and follow-up after liver transplant. 
Increasing awareness and data on the beneficial efficacy will help 
remove most of these barriers and perhaps may change the public 
opinion and perception toward the use of liver transplant in AH 
patients.” 


Treatment of Mild Episodes 
of Alcoholic Hepatitis 


Current management of mild episodes rests on general treatment, 
including alcohol abstinence, management of complications of 
cirrhosis, and nutritional supplementation. The true prevalence of 
mild steatohepatitis from alcohol use is unknown as people with 
alcoholism are not usually evaluated unless they present to the 
hospital with AH or with cirrhosis and its complications." 


Treatment of Alcoholic Cirrhosis 


Alcohol Abstinence and Monitoring 


It is crucial to monitor patients for maintenance of abstinence 
with a careful history and measurement of markers of alcohol con- 
sumption.” Self-reported consumption of alcohol should be con- 
firmed with the family and friends as consumption may often be 
inaccurately described by patients. In one study, 18 of 82 alcoholic 
cirrhosis patients with a Department of Motor Vehicles record 
of driving under the influence of alcohol were not discovered on 
patient self-report.” Measurement of methanol levels can detect 
alcohol consumption within the previous few hours, and the 
accuracy is better than ethanol level measurements.”' Of the liver 
biochemical tests, y-glutamyltransferase concentration has better 
sensitivity than the concentrations of aminotransferases. However, 
its specificity is poor in patients with cirrhosis.” Moderate to 
heavy long-term alcohol consumption decreases the carbohydrate 
content of transferrin. The combination of carbohydrate-deficient 


transferrin concentration and y-glutamyltransferase concentration 
has high sensitivity of approximately75% to 90%. However, the 
levels of carbohydrate-deficient transferrin may be affected by 
increasing disease severity and smoking.” 

Newer biomarkers that use metabolites of alcohol such as ethyl 
glucuronide are showing great promise.” The high sensitivity of 
the urine ethyl glucuronide test limits its usefulness for detecting 
recidivism, and exposure to alcohol-containing medications and 
hand sanitizers may lead to false positive results.’ Increasing the 
cutoff of the urine ethyl glucuronide concentration to 0.5 mg/L 
improves the accuracy, with a negative predictive value of 99% 
and a positive predictive value of 89%.” Other limitations of the 
urine ethyl glucuronide test are false negative results in patients 
with a urinary tract infection and its ability to detect alcohol 
consumption only within the previous 4 days to 5 days.” Ethyl 
glucuronide stays in body hairs for a much longer period, and 
measurement of it in hair samples can detect the degree of drink- 
ing and also alcohol consumption for a longer period of up to 1 
month.” The urine ethyl glucuronide test is commercially avail- 
able and can be used in routine clinical practice to monitor 
patients for abstinence. However, hair ethyl glucuronide and other 
markers such as phosphatidyl ethanol, 5-tryptophol, and fatty 
acid ethyl ester are being evaluated in clinical studies and are 
unavailable for routine clinical use.” 


Management of Cirrhosis and Its Complications 


‘The management of complications of cirrhosis, including esopha- 
geal varices and bleeding, ascites, hepatic encephalopathy, and 
hepatorenal syndrome, is similar to that for any other cirrhosis. 
Alcohol consumption is a risk factor for acquisition of viral infec- 
tions, including HCV infection.” Further, the concomitant pres- 
ence of HCV promotes faster development of fibrosis and increases 
the risk of severe liver disease and complications.” Adequate 
screening for HCV should be performed in ALD patients, and 
HCV infection should be treated if it is present. As for any other 
patient with cirrhosis, patients with alcoholic cirrhosis should be 
vaccinated against hepatitis A and hepatitis B after their baseline 
immunity to these viruses has been checked, counseling for a 
healthy lifestyle and safe use of medications, and surveillance for 
hepatocellular carcinoma and varices (see Table 24-6). Use of 
medications in patients with cirrhosis is beyond the scope of this 
chapter and is covered in Chapter 56. With regard to use of 
analgesics, patients should be advised to avoid nonsteroidal anti- 
inflammatory drugs, and should be educated on the safety of their 
using acetaminophen (i.e., the daily dosage should not exceed 


3 g/day). 


Pharmacologic Treatments 


Antioxidants 

The levels of markers of oxidative stress are increased in patients 
with ALD and cirrhosis.” In one randomized placebo-controlled 
study, use of vitamin E (500 mg a-tocopherol) for 1 year in 
decompensated alcoholic cirrhosis patients did not have a benefi- 
cial effect on liver function, hospitalization rates, or patient sur- 
vival.” Phosphatidylcholine is an important component of cell 
membranes and can be affected by increasing oxidative stress in 
alcoholic cirrhosis. Because of the efficacy of dietary supplementa- 
tion with phosphatidylcholine, this was tested in a randomized 
placebo-controlled study in patients with alcoholic cirrhosis. In 
that study, phosphatidylcholine, 4.5 g/day, given orally for 2 years 
in 789 veterans with biopsy-confirmed alcoholic cirrhosis was not 
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beneficial in reducing progression of fibrosis by one stage (23% 
vs. 20%; p = 0.32). The benefit of phosphatidylcholine could have 
been confounded by the reduction in drinking in both groups, 
which was not quantitated in the study.*” 


Propylthiouracil 

Unlike in AH patients, propylthiouracil showed a survival benefit 
in a randomized placebo-controlled trial involving 310 alcoholic 
cirrhosis patients.” At the end of 2 years of treatment, mortality 
was lower in the treatment arm than in the placebo arm in the 
whole group (13% vs. 25%, p < 0.05) and in patients with severe 
disease (25% vs. 55%, p = 0.03). Propylthiouracil was associ- 
ated with 62% survival benefit in the study, which was not seen 
among patients continuing to consume alcohol as documented 
by the high urinary alcohol levels during the study.*” Currently, 
propylthiouracil is not recommended for use in alcoholic cirrhosis 
patients because of high rate of nonadherence in this study. Sur- 
prisingly, no further studies have been conducted to evaluate this 
seemingly beneficial drug for the treatment of alcoholic cirrhosis. 


Colchicine 

Because of its antifibrotic effects in experimental studies,” use 
of colchicine was examined in a randomized controlled study 
of 100 patients with cirrhosis (45% with alcoholic cirrhosis).”"' 
With a long follow-up of up to 14 years, colchicine compared 
with placebo showed a survival benefit at 5 years (75% vs. 34%, 
p<.001). Among 44 patients (30 treated with colchicine) biop- 
sied at the end of treatment, reduction in fibrosis was seen in 
nine patients treated with colchicine but in none of the placebo- 
treated patients.” However, this benefit of colchicine could not 
be duplicated in further studies, including a meta-analysis of 14 
randomized controlled studies.” On the basis of this evidence, 
colchicine is not currently recommended for use in alcoholic cir- 
rhosis patients. 


Management of Malnutrition 


Protein calorie malnutrition is observed in approximately 20% 
to 60% patients with alcoholic cirrhosis. “**® The prevalence 
increases with disease severity, amount of alcohol consumed, and 
lower socioeconomic status of the individual.*® Malnutrition 
is associated with increased development of cirrhosis complica- 
tions, increased rate of mortality, and longer hospitalization, with 
a greater use of hospital resources after liver transplant for alco- 
holic cirrhosis.” Evaluation of a patient for malnutrition is 
similar to what was described for AH. Sarcopenia is emerging as 
an accurate predictor of nutritional status and survival. Psoas 
muscle area is measured at the level of the L4 vertebrae on the 
CT scan to evaluate the patient for sarcopenia. Its advantage is its 
objectivity and reproducibility apart from accuracy in assessing 
the nutritional status of patients with alcoholic cirrhosis.” 
Patients with liver cirrhosis should be advised to eat meals 
frequently, advised to avoid fasting for more than 12 hours, and 
encouraged to eat a late night snack. Protein intake should not be 
restricted unless patients do not tolerate proteins and develop 
hepatic encephalopathy or existing hepatic encephalopathy 
worsens .'“°???*°? Vitamin levels should be checked and should be 
replenished if there is deficiency.“ Patients not meeting their 
daily needs through their diet should receive supplementation. 


Enteral Supplementation 
Five randomized controlled studies have assessed enteral sup- 
plementation in the treatment of alcoholic cirrhosis patients. 


Compared with a standard diet, enteral supplementation improved 
inpatient survival in one study,” but had no benefit in four other 
studies.” Liver function and nutritional status improved with 
enteral supplementation in all these studies. Patients with cirrhosis 
have reduced levels of branched-chain amino acids such as valine, 
leucine, and isoleucine, and increased levels of aromatic amino 
acids, which can cross the blood-brain barrier, resulting in hepatic 
encephalopathy.”” In initial randomized studies, supplementation 
with branched-chain amino acids resulted in abatement of hepatic 
encephalopathy in one study,’ but had no impact on survival in 
any of the studies.*’’ In all these studies the short intervention 
duration may have resulted in the lack of a beneficial effect on sur- 
vival. Later, in a randomized controlled study of 174 patients with 
alcoholic cirrhosis, supplementation with branched-chain amino 
acids was associated with improved liver function and nutritional 
status, lower hospital admission rates, and improved survival.” 
The lack of further studies confirming these findings combined 
with poor patient tolerance and acceptance of branched-chain 
amino acids limits their routine use in clinical practice.“ 

There is no randomized study evaluating the role of parenteral 
supplementation in patients with alcoholic cirrhosis. 


Liver Transplant for Alcoholic Cirrhosis 


Liver transplant is a definitive therapy for patients with cirrhosis 
and end-stage liver disease. Alcoholic cirrhosis is the third most 
common indication for liver transplant, after hepatitis C and 
nonalcoholic fatty liver disease. Liver transplant for alcohol- 
related cirrhosis accounts for approximately 20% to 25% of all 
liver transplants in the United States.” In spite of encouraging 
and excellent outcomes after liver transplant for ALD, physicians 
still refrain from referring patients with ALD for liver transplant 
evaluation compared with other liver diseases.” 

A patient with alcoholic cirrhosis who is a candidate for liver 
transplant undergoes the same evaluation process as a patient with 
nonalcoholic cirrhosis, with involvement of a multidisciplinary 
team and a liver transplant selection conference. There are some 
specific issues that need to be considered for patients with alco- 
holic cirrhosis as outlined in the following sections. 


Alcohol Consumption and Dependence 

A detailed history and evaluation is important to identify indi- 
viduals at risk of recidivism after liver transplant. Patients with 
(1) a drinking problem (drinking through the day at work, need 
for alcohol as an eye-opener in the morning, withdrawal symp- 
toms, failed rehabilitation treatments) or (2) alcohol-related prob- 
lems (driving under the influence of alcohol, alcohol-related 
crime, alcohol-related issues at work or at home, e.g., loss of job 
or divorce) should be recommended for rehabilitation treatment 
before liver transplant. The date of the last drink should be docu- 
mented as most transplant centers require a minimum of 6 
months of abstinence before they will list a patient for liver trans- 
plant (6 months rule).*°?!*?% 


Evaluation for Comorbidities 

Long-term alcohol consumption can affect other organs, with the 
development of cardiomyopathy, chronic pancreatitis, Wernicke’s 
encephalopathy, alcohol-related dementia, peripheral neuropathy, 
and malignancies of the upper digestive tract. This should be 
thoroughly evaluated, as the presence of any of these comorbidi- 
ties can potentially impact transplant candidacy.” For example, 
patients with Wernicke’s encephalopathy or dementia may be 
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e Fig. 24-3 Approach to liver transplant evaluation among patients with alcoholic cirrhosis. PACT, 
Psychosocial Assessment of Candidates for Transplant. 


receive a misdiagnosis of hepatic encephalopathy. Peripheral neu- 
ropathy due to alcohol may affect functional status, which may 
not recover after liver transplant. Among ALD patients carefully 
selected for liver transplant, the presence of malnutrition does not 
significantly impact posttransplant survival but is associated with 
increased use of hospital resources, with longer hospital stay.” 


Psychosocial Evaluation 


The Psychosocial Assessment of Candidates for Transplantation 
scale is a tool commonly used to assess the psychosocial status of 
an individual.” Patients at high risk of recidivism are advised to 
undergo rehabilitation therapy before transplant (Fig. 24-3). In 
a randomized controlled study, motivational enhanced therapy 
(n = 46) was superior to treatment as usual (7 = 45) in decreasing 
alcohol consumption before transplant.” The study was limited 
by adherence to therapy sessions, mainly because patients were 
too sick to attend treatment sessions.” Such patients may be 
considered for an exceptional pathway for transplant and should 
have rehabilitation therapy after transplant (see Fig. 24-3). 


Posttransplant Recidivism 


Patients who have undergone transplant for ALD should continue 
to be monitored for alcohol consumption after liver transplant 
(see the section entitled “Alcohol Abstinence”).””° Self-reported 
recidivism is described among 10% to 60% of those who receive 
a transplant for ALD.*”*” Patients who undergo transplant for 
nonalcoholic liver diseases reporting heavy consumption of alcohol 
before transplant are also at risk of recidivism. In one study of 
recipients of transplant for any cause who also reported heavy 
drinking before liver transplant, the prevalence of recidivism was 
similar among those who underwent transplant for ALD and 


those who underwent transplant for reasons not related to ALD 
(25% vs. 28%, p = 0.56).”” Recidivism is defined as any alcohol 
consumption in some studies and heavy alcohol consumption in 
other studies, which likely explains the differences in the prevalence 
of recidivism across studies. Further, variation in the follow-up 
time after transplant may be another factor for this difference. In 
one study of patients reporting heavy alcohol consumption after 
liver transplant for ALD, 50% reported recidivism within 2 to 5 
years of liver transplant, 25% reported recidivism within the first 
2 years of liver transplant, and 25% reported recidivism after 5 
years of liver transplant. More than 80% of recidivists were inter- 
mittent drinkers, and the remaining patients reported continuous 
alcohol consumption.” In another study describing heavy recidi- 
vism, the pattern of alcohol consumption was equally distributed 
to within 2 years of liver transplant, with subsequent decline, 
continued harmful drinking throughout posttransplant, and after 
3 years of liver transplant, with persistent consumption afterward.” 
In a meta-analysis pooling data from 50 studies, recidivism of 
any alcohol consumption and heavy recidivism were reported as 
5.7% per year and 2.5% per year, respectively.” 


Graft and Patient Outcomes 

Patient survival rates after liver transplant for alcoholic cirrhosis 
are better than those after transplant for HCV cirrhosis and for 
hepatocellular carcinoma, and are similar to those after transplant 
for other liver diseases.” These patients, similarly to patients 
who have undergone transplant for any other liver disease, have 
improved quality of life and an active normal lifestyle after trans- 
plant.”°’”’ The outcomes of HCV-positive drinkers as compared 
with patients with alcoholic cirrhosis are conflicting, likely due to 
variations in the treatment of HCV infection beforetransplant.””***° 
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e Fig. 24-4 Management approach to a patient with decompensated alcoholic cirrhosis (AC) and 


alcoholic hepatitis (AH). L7, Liver transplant. 


Further, the registry-based data used limit accurate characteriza- 
tion of cases, in contrast to a single center—based study, which has 
access to medical records for accurate characterization of cases.**° 

Compared with abstinent patients, among recidivists with 
harmful drinking the survival rates are worse, especially after 
5 to 10 years (45% to 68% vs. 75% to 86%). Although 
liver-related mortality ranges from 6% to 88%,” cardiovascu- 
lar events and de novo malignancy are more important causes 
of patient death on long-term follow-up among patients with 
heavy recidivism.**’”*’**”* Development of metabolic syn- 
drome related to chronic immunosuppression increases the risk 
of cardiovascular events.” Among first-year survivors after liver 
transplant for alcoholic cirrhosis, de novo malignancy accounts 
for 30% to 40% of deaths. The risk of de novo malignancy is 
approximately twofold higher among recipients of a transplant 
for ALD compared with recipients of a transplant for nonalco- 
holic cirrhosis.”**”*° Of all malignancies, cancer skin is the most 
common, followed by posttransplant lymphoproliferative disorder 
and solid organ cancer, specifically cancers of the upper aerodi- 
gestive tract.” Apart from chronic immunosuppression, 


specific mechanisms of de novo malignancy after liver trans- 
plant for alcoholic cirrhosis are postulated to be inhibition of 
DNA methylation and oncogenic effects of acetaldehyde and 
smoking.” Patients should be advised to use sunscreens with 
sun exposure, have an annual evaluation by a dermatology and 
ENT physician, and abstain from use of tobacco and alcohol. 
Specific pretransplant protocol screening for head and neck cancer 
before or after liver transplant is not cost-effective and is not 
recommended.””°””? 

Graft loss related to recidivism is described in 0% to 50% of 
recidivists.””” Heavy recidivism within the first 2 years after liver 
transplant has more impact on the liver graft than does later onset 
of recidivism.” In one study, graft cirrhosis occurred in approxi- 
mately 5% of all recipients of a transplant for ALD. Approxi- 
mately one third of patients with heavy recidivism in that study 
developed graft cirrhosis within approximately 5 years after liver 
transplant and approximately 4 years after recidivism.” The 
cumulative probability of graft cirrhosis among patients with 
heavy recidivism is approximately 54% at 10 years after liver 
transplant.””° Compared with patients without graft cirrhosis, 
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W183 Areas of Unmet Need and Future Research 


in Prevention and Treatment of Alcoholic 
Liver Disease 


A. Prevention and abstinence 


ils 


2. 


3: 


4. 


Population-based studies on prevalence of the alcoholic liver 
disease spectrum 

Cost-effective measures and strategies to reduce alcohol 
consumption 

Collaborative studies with addiction service with long-term 
outcome as the end point 

Reliable and accurate models predictive of recidivism 
Studies on efficacy and safety of drugs for abstinence in 
alcoholic hepatitis patients 

Biomarkers for use in practice predictive of alcohol 
consumption over a long period 

Identification of genetic and other factors determining response 
to abstinence 


B. Pharmacologic therapies 


1. 


2 


3: 


6. 


Ue 


Animal model of alcoholic hepatitis that closely mimics the 
human alcoholic hepatitis phenotype 

Randomized studies on benefits of pentoxifylline in alcoholic 
hepatitis patients with renal failure 

Noninvasive simple and accurate biomarkers predicting 
response to corticosteroids 

Safer and effective targets and pharmacologic therapies for 
alcoholic hepatitis 

Drugs for improving the long-term outcome with reduction in 
fibrosis as the end point 

Randomized studies on treatment of hepatitis C in patients with 
alcoholic hepatitis 

Guidelines on treatment of alcoholic hepatitis in patients with 
hepatitis C 


C. Liver transplant 


ile 


2 


3! 


Data from larger multicenter prospective studies on liver 
transplant in alcoholic hepatitis 

Uniform protocol for patient selection for liver transplant in 
alcoholic hepatitis 

Immunosuppression and antibiotic prophylaxis protocol in the 
peritransplant period 

Studies on noninvasive biomarkers for early diagnosis of fungal 
infections 

Cost-effective protocol for malignancy surveillance before and 
after transplant 

Identification of genetic and other factors predicting recurrent 
graft disease among recidivists 

Strategies to overcome barriers to liver transplant in alcoholic 
hepatitis 


those with recurrent alcoholic cirrhosis had poorer survival at 
10 years and 15 years (70% vs. 50% and 41% vs. 21%, respec- 
tively, p < 0.001) after liver transplant.”” 


Conclusion 


ALD is a common cause of chronic liver disease. Alcohol con- 
sumption is one of the most important factors predisposing an 
individual to develop ALD. Strategies to reduce alcohol consump- 
tion are needed to prevent this disease and decrease the magnitude 
and economic burden to society. AH is a clinical syndrome associ- 
ated with high short-term mortality. A high index of suspicion 
is required among patients with decompensated ALD for earlier 
diagnosis and treatment of this potentially lethal condition. Nutri- 
tional supplementation, preferably by the enteral route, should be 
provided to patients with markedly reduced oral intake. Patients 
with a severe AH episode should be identified to institute specific 
treatment with specific pharmacologic drugs. In the light of the 
results of the STOPAH study, questioning the efficacy of the 
only potential option of corticosteroids and the lack of benefit of 
PTX, there is an increasing unmet crucial need for the develop- 
ment of potent and safer pharmacologic therapeutic options for 
the management of severe AH (Fig. 24-4). With encouraging 
initial data on the beneficial effects of liver transplant in select 
AH patients, data from larger prospective multicenter studies 
are needed as a basis for developing selection criteria for liver 
transplant in AH and for posttransplant management of these 
patients. In spite of alcohol having being recognized as a direct 
hepatotoxin for more then 5 decades, many areas remain poorly 
understood, with potential for future research (Table 24-7). With 
increasing interest in and research support for ALD, we soon hope 
to get answers to many of these unresolved issues, which will help 


reduce the disease burden and improve the outcome of patients 
with ALD. 
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Introduction 


Nonalcoholic fatty liver disease (NAFLD) refers to the ectopic 
accumulation of fat in the liver (also known as steatosis) that 
cannot be attributed to alcohol consumption. Minor amounts of 
fat deposition in the liver can occur in a healthy subject, but when 
it occurs in at least 5% of hepatocytes it is considered patho- 
logic.'* Under the umbrella of NAFLD is a wide spectrum of liver 
pathology with very different outcomes. When steatosis is the 
only abnormal finding, the condition is dubbed simple steatosis or, 
more precisely, isolated steatosis.** Classically, isolated steatosis has 
been considered to be a benign, nonprogressive condition. Con- 
versely, nonalcoholic steatohepatitis (NASH) describes the condi- 
tion wherein inflammatory activity and cell injury (manifested by 
hepatocyte ballooning and/or cell death) accompany steatosis. 
NASH has the potential to progress to liver cirrhosis and its 
complications. 

Classic dogma posits that these dichotomous outcomes of 
NAFLD reflect interindividual differences in exposures and/or 
sensitivity to secondary stresses that fatty hepatocytes experience. 
For many years, this concept was referred to as the two-hit hypoth- 
esis. According to this model of NAFLD pathogenesis, the liver 
must be subjected to two insults for the full spectrum of NAFLD 
to develop. The first insult leads to steatosis, which sensitizes the 
liver to a second insult that leads to inflammation, cell death, and 
fibrosis. This interesting concept was supported by seminal papers 
which showed that rodents that develop steatosis in the context 
of obesity, or as a consequence of impaired export of lipids from 
the liver, are exquisitely sensitive to endotoxin exposure and tumor 
necrosis factor Œ (ITNF-0)-induced liver injury, and quickly 
develop steatohepatitis.°” It was postulated that fatty hepatocytes 
are unusually vulnerable to a second, proinflammatory “hit” that 
challenges hepatocyte viability. Subsequent studies revealed that 
fatty hepatocytes exhibit a number of stress responses (e.g., oxida- 
tive stress and endoplasmic reticulum [ER] stress) that might 
compromise their ability to withstand an added insult." 

More recently, the linearity of these concepts has been ques- 
tioned because it has not been rigorously proven that isolated 
steatosis always precedes NASH in patients, although some paired 
biopsy studies have shown progression from isolated steatosis to 
NASH.” This issue will be difficult to resolve because histologic 
criteria for defining NASH are still debated, and show high 
interobserver variability. Also, a well performed high-quality liver 
biopsy corresponds to less than 1/50,000 of the total liver volume, 
and NAFLD features are not homogeneous across the paren- 
chyma. Thus potential sampling error confounds interpretations 
of paired liver biopsies. '° 

The role of steatosis per se in NAFLD pathogenesis has also 
been questioned. Studies in animal models have revealed that 
not all fat behaves similarly. Triglycerides (the type of fat that 
accumulates in hepatocytes in livers with isolated steatosis) are 
now accepted as being the “good guys” that prevent accumula- 
tion of toxic fat. Hence, an alternative theory to explain NAFLD 
pathogenesis is that toxic fat accumulation in the liver occurs in 
parallel to neutral triglyceride accumulation (i.e., steatosis), and 
the toxic fat (but not the triglyceride) leads to NASH.’ Accord- 
ing to this theory, isolated steatosis and NASH are considered 
two independent, eventually parallel, conditions. One problem 
with this concept, however, is that it fails to explain why the 
vast majority of patients with isolated steatosis never develop 
progressive liver disease. The two-hit hypothesis, on the other 
hand, does not exclude the possibility that “second hits” are lethal 


to triglyceride-laden hepatocytes, at least in part, because they 
promote accumulation of toxic fat. Indeed, as mentioned earlier, 
it has become clear that fatty hepatocytes are coping with various 
challenges (e.g., oxidative stress, ER stress, perturbed autophagy, 
and deregulated cell death pathways) that might limit their ability 
to withstand superimposed threats to their viability (also known 
as second hits, such as toxic fats). Finally, as initially articulated, 
the two-hit model for NAFLD progression did not attempt to 
explain the basis for the first hit, that is to say steatosis. It has since 
become clear that inflammation can both precede, and promote, 
steatosis. Moreover, some conditions (e.g., insulin resistance) are 
able to promote both steatosis and inflammation. Given all of this, 
it seems that NAFLD pathogenesis and progression most likely 
reflect the interplay between potentially hepatotoxic exposures 
and hepatic compensations for these stresses. Adaptations that are 
necessary to survive an initial stress might inadvertently enhance 
vulnerability to certain types of subsequent stress. Whether or not 
hepatocyte death occurs depends on whether or not the liver is 
able to adapt to the first hepatotoxic stress or becomes exposed 
to the subsequent stress that is now life-threatening. According 
to this view, steatosis itself is an early biomarker of hepatotoxic 
stress. NASH ensues immediately when the adaptive responses to 
the initial stress are insufficient to maintain hepatocyte viability. 
Because steatosis is far more prevalent than NASH, the resiliency 
of hepatocytes apparently permits them to adapt and survive most 
stresses that result in steatosis. Nevertheless, such adaptations 
exact a price and “adapted” hepatocytes (marked by their accumu- 
lation of neutral lipid) become more vulnerable to other insults 
that are typically well tolerated by nonsteatotic (i.e., nonstressed) 
hepatocytes (e.g., ischemia reperfusion, TNF-a). In this context, 
exposure to the secondary stressors is required to provoke NASH. 

The outcomes of NASH are also variable. The disease can 
remain relatively stable for years, progress to cirrhosis, or regress to 
isolated steatosis. These heterogeneous outcomes are presumed 
to reflect differences in the consistency and intensity of exposure 
to hepatotoxic stresses and variability in the capacity to replace 
(i.e., regenerate) dead hepatocytes. NASH resolves when injuri- 
ous stresses subside and all dead hepatocytes have been effec- 
tively regenerated. It remains stable when regenerative processes 
generally match the demand for hepatocyte replacement, and 
progresses when regeneration is unable to keep pace with cell 
death. Like potentially hepatotoxic insults and the liver’s ability 
to adapt to such stresses, the effectiveness of regeneration also 
varies among individuals, and within any given individual over 
time, because regenerative capacity itself is impacted by dynamic 
processes (e.g., aging and overall health). Indeed, NAFLD is now 
seen as one component of a systemic disease that encompasses a 
spectrum of dynamic metabolic disturbances in which the adipose 
tissue plays a central role. As such, NAFLD is a biomarker of 
sick adipose tissue. In some patients with NASH, however, 
pathologic processes in the liver self-perpetuate, progressing 
independently of adipose tissue pathology” and despite reduc- 
tions in hepatic fat content.'® Recent natural history studies of 
human NAFLD provide some insight into the mechanisms that 
account for the bewildering complexity this disease. In NAFLD 
patients, liver fibrosis severity was identified as the only histologic 
variable that independently predicted clinically meaningful liver 
outcomes (i.e., death from liver disease, liver transplantation, or 
liver-specific morbidities). Fibrosis severity, in turn, was predicted 
by only two variables, namely patient age and severity of liver 
injury. Thus NAFLD-related liver damage ultimately reflects the 
balance between forces that threaten hepatocyte survival and those 
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e Fig. 25-1 Mechanisms leading to hepatic steatosis. Ectopic fat accumulation in the liver results from 
an increased influx of lipids, free fatty acids (FFAs), to the liver or a decreased lipid disposal. The three 
main sources of FFAs in the liver are: plasmatic nonesterified fatty acids (NEFAs), de novo lipogenesis in 
the liver, and dietary FFAs. The main source of plasmatic NEFAs is the adipose tissue, which increase 
lipolysis when the adipocyte is overtaxed overwhelming its ability to deal with fat, or in an intrinsically sick 
adipose tissue, as occurs in lipodystrophies. The liver discards fat either by oxidizing it or by exporting it 
as very low-density lipoproteins (VLDLs). The main place where FA oxidation occurs is the mitochondria, 
however, other organelles, such as peroxysomes, can contribute to fat degradation in conditions of energy 
surplus. Excess fat can also accumulate in the hepatocyte, as triglycerides in lipid droplets, leading to 


steatosis. 


that protect it and an individual’s ability to regenerate hepatocytes 
that die when prosurvival mechanisms become overwhelmed. 

This chapter reviews the mechanisms that lead to steatosis, 
NASH and NASH-associated liver fibrosis/cirrhosis. A clear 
understanding of physiopathology is paramount for a better clini- 
cal management of this disease and to delineate better therapeutic 
approaches. Enormous progress has occurred since NAFLD was 
first described 35 years ago,'’ but gaps in knowledge still preclude 
the development of effective treatment for NAFLD/NASH. 


Making Foie Gras 


Hepatic steatosis and liver accumulation have been used indis- 
criminately. However, although triglycerides are the main store of 
lipids in the hepatocyte, other forms of lipids can accumulate in 
the liver, such as free fatty acids (FFAs), diacylglycerol, free cho- 
lesterol, cholesterol esters, ceramides, and phospholipids.” Varia- 
tions in the concentrations of these other lipids can occur in the 
context of triglyceride accumulation, suggesting that “simple” 
hepatic steatosis is really a heterogeneous condition. The avail- 
ability of FFAs will determine the amount of triglycerides synthe- 
sized. In NAFLD, FFAs reach the liver from three main sources: 


60% from systemic circulation as nonesterified fatty acids 
(NEFAs), 15% from portal blood as chylomicron lipoproteins 
assembled from dietary fat, and 25% from de novo fatty acid 
synthesis/lipogenesis in the liver” (Fig. 25-1). Adipose tissue is 
the main source of lipids that accumulate in fatty livers. Hence, 
an adipocentric view of the pathogenesis of NAFLD is replacing 
a hepatocentric one. Circulating NEFAs enter the liver in a non- 
regulated way, and consequently liver uptake is a function of FFA 
plasma concentrations.” Adipose tissue is responsible for 80% of 
FFA plasma pool in the fasting state and 60% in the postprandial 
state when fat from diet gains importance.” Dysfunctional (sick) 
adipose tissue “metastasizes” fat to the liver. Increased spill out of 
NEFAs from the adipose tissue occurs in two situations: when the 
adipose tissue is intrinsically sick and cannot adequately store 
energy (e.g., as occurs in lipodystrophies); or when adipose tissue 
sickness is caused by energy surplus that surpasses the natural 
storage capacity of adipose depots.” Insulin resistance (IR) 
increases the release of NEFAs from the adipose tissue into sys- 
temic circulation. Decreased insulin signaling fails to suppress the 
hormone-sensitive lipase in adipose depots, increasing release of 
fatty acids (FAs) from triglycerides stored peripherally. Also, by 
decreasing glucose uptake in the adipose tissue, insulin resistance 
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depletes glycerol-3-phosphate, a factor which is necessary for 
reutilization of FAs in triglyceride synthesis.” 

The second source of hepatic fat in NAFLD is de novo lipo- 
genesis. In a healthy lean subject, de novo lipogenesis accounts 
for 5% of hepatic lipids in the fasting state, and increases in 
the postprandial period, when availability for lipogenic precur- 
sors increases.” In a hyperinsulinemic patient with NAFLD, 
de novo lipogenesis increases threefold in the fasting state,” but 
does not further increase after meals. This suggests that lipogenic 
enzymes are already maximally up-regulated during fasting in the 
context of insulin resistance.” Insulin resistance—related induc- 
tion of lipogenic enzymes can be explained by hyperinsulinemia 
and hyperglycemia. Insulin up-regulates expression of sterol 
regulatory element-binding protein (SREBP-1c) and peroxisome 
proliferator—activated receptor gamma (PPAR-Y), which are the 
major transcription factors that promote expression of most 
lipogenic enzymes.” Glucose activates carbohydrate-responsive 
element-binding protein (ChREBP), another transcriptional 
factor that directly up-regulates lipogenic gene expression.”° 
Hyperglycemia also activates lipogenesis via indirect mechanisms, 
including induction of pyruvate kinase expression, and hence 
glycolysis, thereby providing precursors for lipogenesis.” De novo 
lipogenesis not only promotes steatosis by increasing lipid syn- 
thesis, it also inhibits FA oxidation by promoting accumulation 
of malonyl-CoA,” a factor that impedes fatty acid uptake into 
mitochondria for subsequent degradation. The third source of fat 
is the diet. The relevance of this source increases when high-fat 
diets are consumed.” Hence, feeding rodents with a high-fat diet 
is a widely used dietary animal model to induce NAFLD, even 
when animals ingest isocaloric diets.” 

Hepatic steatosis results from an imbalance between the 
production/uptake of fat and its utilization. The fate of FAs in the 
liver is dictated by three processes: oxidative degradation (mainly 
in the mitochondria and to a lesser extent in peroxisomes); utiliza- 
tion to synthesize triglycerides that are the stored as inert lipid 
droplets; and export from the liver as very low-density lipopro- 
teins (VLDLs). 

The liver adapts to the overflow of FAs by increasing mito- 
chondrial B-oxidation and mitochondrial biogenesis.’ That 
adaptation occurs not only in direct response to FA overflow, but 
also through the action of adipokines, such as leptin, fibroblast 
growth factor 21, and interleukin 6 (IL-6), as a consequence of 
hepatic IR, and because of increased activation of PPAR-o that 
promotes transcription of lipogenic enzymes.” Notably, TNF-a 
represses PPAR-@ expression,” causing PPAR-, to decrease in 
severe liver injury,” and this may limit mitochondrial flexibil- 
ity as NAFLD progresses. Mitochondria are highly specialized 
organelles that generally extract energy efficiently from fuel. Thus 
increased FA oxidation in fatty livers might be expected to increase 
hepatic production of ATP. However, in patients with NAFLD, 
liver ATP stores are not increased,” and hepatic ATP content is 
reduced in animal models of NAFLD/NASH.*’*® Furthermore, 
mitochondrial responses to transient energy deficits appear to be 
impaired in NASH, and this enhances hepatic susceptibility to 
ischemic injury.” One mechanism that explains the less efficient 
ATP production from fuel oxidation is the up-regulation of mito- 
chondrial uncoupling proteins (UCPs). UCP-2 is up-regulated 
in several animal models of NAFLD/NASH.”*”??° It is also 
up-regulated in human NASH and correlates with severity of 
inflammation and fibrosis.“ UCPs are proteins localized in 
the inner membrane of mitochondria. They promote proton 
leak from the outer to the inner mitochondrial membrane. This 


dissipates the proton-motive force that normally drives electron 
transport along the mitochondrial electron transport chain and 
thus decreases the donation of electrons to molecular oxygen to 
form superoxide anion and to drive phosphorylation of ADP to 
generate ATP.’ UCP-2 is expressed at very low levels in healthy 
cells, and its major role appears to be constraining mitochon- 
drial production of superoxide anion (a potent reactive oxidant 
species [ROS]) to protect cells from oxidative damage that might 
otherwise result from mitochondrial respiration. UCP-2 expres- 
sion is up-regulated by FAs.“ FA accumulation also stimulates 
mitochondrial B-oxidation, thereby generating increased ROS 
and oxidative stress. Certain products of oxidative stress, such 
as 4-hydroxynononeal, increase UCP-2 activity. The resultant 
increases in UCP-2 activity enhance protection from FA-induced 
oxidative stress. However, high UCP2 activity also has a poten- 
tial downside because it may induce sufficiently high levels of 
proton leak to uncouple substrate oxidation (i.e., electron trans- 
port) from ADP phosphorylation, thereby limiting ATP synthesis 
and dissipating energy as heat. This may explain observations 
that UCP-2 expression is increased in fatty hepatocytes of rodent 
models of obesity-related insulin-resistance and NASH. It may 
also explain why these hepatocytes are more vulnerable to a variety 
of stresses that challenge ATP production“ (Fig. 25-2). The aggre- 
gate data suggest that steatosis does not occur as a consequence 
of decreased FA degradation, though there may be impairments 
in the degree of oxidative phosphorylation (i.e., energy produc- 
tion) that result from FA metabolism. In fact, in NAFLD, an 
increase in mitochondrial FA oxidation“ without concomitant 
induction of genes that encode mitochondrial respiratory chain 
components may further disturb the redox state,” leading to 
mitochondrial exhaustion,” as will be discussed later. FA-derived 
acetyl-CoA can alternatively be used as a substrate for ketogenesis. 
Ketogenesis provide extrahepatic tissues with an alternative fuel 
source when carbohydrates are scarce, such as during fasting, but 
also helps hepatocytes when dealing with energy surplus.” In fact, 
on a high-fat diet, mice with inherited defects of ketogenesis not 
only develop more steatosis, but also more liver injury. Those 
mice show increased de novo lipogenesis and gluconeogenesis.” 
Interestingly, hyperinsulinism inhibits ketogenesis, and hence 
hyperinsulinemic-NAFLD patients are in a state of relative keto- 
genesis insufficiency.’ 

Mitochondrial adaptation is also limited because the entry of 
FAs into the mitochondrial matrix through the lipid level-sensitive 
carnitine shuttle (carnitine palmitoyl transferase I)”' is inhibited 
by malonyl-CoA that accumulates during FA excess. To overcome 
reduced mitochondrial degradation of FAs, FAs are redistributed 
to other organelles for degradation. In NAFLD, a compensatory 
increase in peroxisomal FA oxidation occurs.” Patients with 
hepatic steatosis show proliferation and enlargement of hepatic 
peroxisomes.” Peroxisomal lipid degradation has the advantage of 
allowing unrestricted lipid entry into the organelle. However, 
compared to mitochondria, peroxisomes are less efficient in 
extracting energy from the degradation of FAs.” Another draw- 
back of peroxisome FA oxidation is the production of hydrogen 
peroxide, which can perturb redox balance. Healthy peroxisomes 
are well equipped with antioxidant enzymes, and increasing per- 
oxisomal FA oxidation through a PPAR-@ agonist protects mice 
from NAFLD/NASH. Conversely, animal models with impaired 
peroxisome function develop spontaneous steatohepatitis and 
hepatocellular carcinoma.” 

The liver can also purge excessive fat content by exporting fat 
as VLDLs. VLDL particles contain a core of triglycerides and 
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e Fig. 25-2 Mitochondrial oxidative phosphorylation. When fatty acids (FAs) reach the mitochondria as 
acyl-CoA, they undergo B-oxidation, being a source of acetyl-CoA that can enter the Krebs citrate cycle, 
where NAD*/FAD* are reduced to NADH and FADH2. NADH and FADH2 supply electrons to phosphoryla- 
tive respiration, allowing oxygen-dependent production of ATP. The electron transport chain has four 
enzyme complexes in the inner mitochondrial membrane: |, NADH-coenzyme Q oxireductase; ll, 
succinate-Q oxidoreductase; Ill, Q-cytochrome c oxidoreductase; and IV, cytochrome c oxidase. The 
electrons flow across the complexes, and when they reach complex IV, cytochrome c oxidase gives two 
electrons to one O2 molecule and, in combination with 2H*, converts it to H20. That electron transport 
is coupled to a movement of protons (H*) from the mitochondrial matrix to the intermembrane space 
producing an electrochemical gradient. When energy is needed, H* reenter the mitochondrial matrix, and 
the energy produced by that H* movement is used by ATP synthase to convert ADP in ATP. In hepatic 
steatosis, when mitochondria are overtaxed with fuel, they become hyperpolarized. Mitochondrial hyper- 
polarization increases the half-life of mobile electron carriers, allowing incomplete electron transport and 
partial reduction of O2 molecules, with the production of oxygen reactive species. Uncoupling proteins 
(UCPs) are mitochondrial inner-membrane proteins that mediate H* leak and uncouple substrate oxidation 
from ATP synthesis. UCPs enhance FA oxidation enhancing the recycling of NAD*/FAD*. Also, UCPs 
overcome the depletion of CoASH (rate-limiting coenzyme to B-oxidation and Krebs citrate cycle) through 
a cycle of FA inflow of acyl-CoA, cleavage of CoASH and outflow of FA. Furthermore, UCPs, by removing 
free FA, hamper the mitochondrial production of lipid peroxide anions, protecting from further mitochon- 
drial injury. ADP Adenosine diphosphate; ATP adenosine triphosphate; FAD, flavin adenine dinucleotide; 
FADH, reduced FAD; FFA, free fatty acid; NAD, nicotinamine adenine dinucleotide; NADH, reduced NAD. 


cholesterol esters, surrounded by phospholipids and the protein 
apolipoprotein B (apoB).” After translation, apoB is sequentially 
lipidated in the ER lumen and Golgi apparatus by microsomal 
triglyceride transfer proteins (MTPs).*° Complete lipidation is 
necessary for vesicular flow and secretion of apoB into the plasma. 
Incomplete lipidation targets apoB for ubiquitination and protea- 
somal degradation.” In insulin-resistant states, including NAFLD, 
there is evidence of increased VLDL secretion, probably through 
up-regulation of MTP and decreased degradation of apoB,” 
despite reports of decreased mRNA expression of apoB.°°! 
However, some genetic diseases associated with NAFLD/NASH 
result from deficient VLDL secretion. Abetalipoproteinemia is a 
rare genetic disease with a mutation in the MTP gene that leads 
to NASH and cirrhosis associated with fat malabsorption, acan- 
thocytosis, and hypocholesterolemia in infancy.” 

Familial hypobetalipoproteinemia is a genetic disorder that 
induces the production of a truncated apoB and impairment 
of VLDL secretion. As a consequence, patients develop severe 
hepatic steatosis and NASH, independently of obesity and 
IR.® Familial hypobetalipoproteinemia is estimated to occur in 


1 in 500 to 1 in 1000 of the population,“ and clinicians should 
think of this diagnosis in patients with NASH and low cholesterol 
levels (i.e., lower than 150 mg/dL total cholesterol and 50 mg/ 
dL HDL-cholesterol). Perturbations in the homeostasis of the 
phospholipid phosphatidylcholine also hamper VLDL assembly 
and secretion. Phosphatidylcholine can be synthesized through 
two pathways: incorporation of choline into phosphatidyl com- 
pounds or through three sequential methylations of phosphatidyl- 
ethanolamine by phosphatidylethanolamine \V-methyltransferase 
(PEMT).° Choline deficiency is frequent in the Western world 
and can promote hepatic steatosis by inefficient outflow of lipids 
from the liver. Choline deficiency can result from low dietary 
choline intake, which occurs in more than 90% of the U.S. popu- 
lation.” Also, obesity-associated dysbiota can promote increased 
choline degradation in the gut. Choline deficiency in associa- 
tion with loss of function PEMT polymorphisms synergistically 
increases the risk for NAFLD. 

Notably, monounsaturated FA are preferentially incorporated 
into triglycerides. As such, saturated FA must be first desaturated 
through the action of steroyl-coenzyme desaturase 1 (SCD-1).° 
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An adaptive increase in SCD-1 and triglyceride synthesis has been 
described in human NAFLD.” SCD-1 appears to exert different 
effects on different features of NAFLD in rodent models.” 
When fed a NASH-inducing diet, mice deficient in SCD-1 
develop less steatosis, but more severe liver injury as a result of 
accumulation of more toxic saturated FAs,” as will be discussed 
later. 


Nonalcoholic Fatty Liver Disease: 
An Adiposopathy 


The idea that the adipose tissue is a simple inert store of fat is 
obsolete. We know now that the adipose tissue is a complex and 
plastic organ that has to adapt to very different conditions such 
as fuel insufficiency and fuel surplus. In that way, adipose tissue 
controls whole-body energy status. Also, adipose tissue has impor- 
tant endocrine functions, secreting a wide range of adipokines that 
regulate many physiologic processes such as sensitivity to insulin, 
appetite, immunity, and reproduction.” 

Adiposopathy is a new concept claiming that a positive caloric 
balance and sedentary lifestyle lead to adipose tissue dysfunction 
in susceptible individuals.“ The adipocyte responds to chronic 
energy surplus with maladaptive hypertrophy, in other words, a 
pathologic increase in cell size.” Compared with healthy adipo- 
cytes, hypertrophic adipocytes have increased lipolytic capacity.” 
This causes NEFAs to spill out of adipose depots and into the 
circulation, resulting in their ectopic accumulation in other organs 
such as the liver, heart, muscle, pancreas, and kidney.” Ectopic 
accumulation of NEFAs increases metabolic stress. Accordingly, 
adipocyte size strongly correlates with risk for developing type 2 
diabetes mellitus, cardiovascular disease, and NAFLD.” The 
increase in the cell size also stresses the adipocyte, rendering it 
resistant to insulin and less able to store fat by decreasing the 
concentration of cholesterol in the plasma membrane and induc- 
ing IR.” Cell enlargement also promotes cytoskeleton disassem- 
bly, which further impairs insulin signaling.” In addition, large 
adipocytes up-regulate their expression of hormone-sensitive 
lipase, lipoprotein lipase, leptin, and B-adrenergic receptors.” 
This change in gene expression has been attributed to increased 
cross-talk between enlarged adipocytes and the extracellular 
matrix. The process is thought to be mediated through integrin-B1 
signaling that drives extracellular signal—-related kinase (ERK,.2) 
pathway activation to modulate adipocyte metabolism.” For 
example, the up-regulation of B-adrenergic receptors sensitizes 
enlarged adipocytes to lipolysis induced by catecholamines during 
fasting.*° 

Other pathologic processes also occur in overtaxed adipose 
depots. For example, increased FA accumulation in adipocytes 
promotes oxidative stress*' via mitochondrial production of reac- 
tive oxygen species," NADPH oxidase activation, and down- 
regulation of antioxidant enzymes.™*% In turn, oxidative stress 
further decreases insulin sensitivity,” deregulates production 
of adipokines,™ and induces inflammatory responses.” Inflam- 
mation exacerbates this oxidative stress, establishing a vicious 
circle.***? Obesity also promotes ER stress in the adipose tissue.” 
ER stress worsens IR through c-Jun N-terminal kinase (JNK) 
pathway-dependent serine phosphorylation of insulin receptor 
substrate 1 (IRS-1).”’ Another important player in the patho- 
physiology of adiposopathy is hypoxia. Various mechanisms are 
thought to contribute to adipocyte hypoxia, including the failure 
of angiogenesis to keep pace with adipocyte mass expansion, 


compression of surrounding vessels by enlarged adipocytes, which 
decreases blood flow, and depletion of the vasodilator nitric oxide 
due to its consumption during oxidative stress.”””’ Adipose tissue 
expansion also induces extracellular matrix remodeling that results 
in matrix enrichment with collagen VI. The latter is thought to 
decrease flexibility of the extracellular matrix, limiting the ability 
of adipose depots to expand and accommodate enlarged adipo- 
cytes. This perpetuates the stress inflicted in the adipose tissue 
resulting in exacerbated metabolic deregulation.” The mecha- 
nisms leading to fibrosis in the adipose tissue are not fully under- 
stood, but may reflect hypoxia-dependent induction of hypoxia 
inducible factor 1a and consequent increases in the transcrip- 
tion of several profibrogenic factors, such as connective tissue 
growth factor (CTGF) and tissue inhibitor of metalloproteinases 
1. Also, the profibrogenic factor transforming growth factor 
B (TGF-B) is up-regulated by mechanical stress,'°°!°' which is 
triggered in the membranes of adipocytes by expanding lipid 
droplets.” Consistent with this concept, adipose tissue expression 
of TGF-B increases in obesity.” 

All of these cellular stressors may culminate in adipocyte death. 
This is a nonintuitive concept, because we think of obesity as 
an expansion of the adipose tissue. However, cell death is an 
important and frequent phenomenon in obesity. Indeed, adi- 
pocyte death increases more than 30-fold in obese humans and 
in animal models of obesity.” After feeding mice a high-fat 
diet for 16 weeks, 80% of adipocytes in visceral adipose tissue 
die. Hypoxia,” ER stress,” and mitochondrial dysfunction 
caused by oxidative stress or direct damage from cathepsin that is 
released from lysosomes permeabilized by FAs'**''® promote cell 
death. Adipocyte death decreases adipose depot uptake of NEFAs 
from circulation, and boosts release of NEFAs and other toxic 
products from adipose depots into the circulation. Also, dying 
adipocytes initiate a local inflammatory response that recruits 
macrophages''"’''* to remove cellular debris, including the fat 
released from damaged cells. More than 90% of macrophages 
in obese adipose tissue surround dead adipocytes, producing 
crownlike structures.” The accumulation of macrophages with 
a proinflammatory M1 phenotype potentiates an inflammatory 
state that worsens IR and metabolic deregulation. Indeed, mac- 
rophage accumulation and crownlike structures correlate with IR, 
systemic vascular endothelial dysfunction, hepatic steatosis, and 
NASH. 104,113-116 

Lastly, the sick adipose tissue changes its endocrine properties, 
decreasing the secretion of adiponectin''”''® and increasing the 
secretion of IR-inducers, proinflammatory, and proatherogenic 
cytokines such as leptin, °” plasminogen-activator inhibitor 1,'”° 
TNF-a,,'*'"”? IL-6,’ monocyte chemoattractant protein 
and angiotensinogen.’ 

Adiponectin is a cytokine that is produced predominantly in 
the adipose tissue. Paradoxically, adiponectin expression decreases 
with obesity/expansion of adipose tissue.'*”'* Lower adiponectin 
levels also associate with type 2 diabetes mellitus.'*''*? Impor- 
tantly, adiponectin inversely correlates with presence of NAFLD, 
NASH, and severity of fibrosis.'**'” Adiponectin protects from 
steatosis and steatohepatitis in animal models of NAFLD.“ In 
fact, adiponectin has insulin-sensitizing, antiinflammatory, and 
antifibrotic functions.’ It also protects from steatosis through its 
effects on whole-body metabolism, improvement of mitochon- 
drial function, and decreased production of reactive oxygen 
species.“ Adiponectin is a PPAR-0 agonist, ultimately increas- 
ing FA B-oxidation.'“* It directly enhances insulin sensitivity by 
promoting tyrosine phosphorylation of factors that are activated 
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downstream of insulin IRS-1 and Akt, while antagonizing inhibi- 
tory serine phosphorylation of these proteins.“ Adiponectin 
increases antiinflammatory IL-10 expression and suppresses pro- 
inflammatory TNF-a signaling by decreasing TNF-a expression 
and antagonizing its effects.'”’ It also modulates Kupffer cell 
expression of cytokines by decreasing NF-KB activation” and 
antagonizes IL-1 through increased expression of IL-1 receptor 
antagonist.’ In addition, adiponectin inhibits fibrogenesis by 
decreasing production of TGF-a.'*' and through its direct effects 
on hepatic stellate cells (HSC) which block their transdifferentia- 
tion into myofibroblasts. >!" 

Leptin is another important adipokine in the pathogenesis of 
NAFLD. It is the master regulator of appetite, being a potent 
anorexigen via its action in the hypothalamus.” Many genetic 
models of obesity/NAFLD take advantage of inherited impair- 
ment of leptin signaling. Mice genetically deficient in leptin are 
hyperphagic, develop morbid obesity, severe IR, and severe hepatic 
steatosis. Besides regulating food intake, leptin has many antiste- 
atogenic actions, decreasing gluconeogenesis and de novo lipogen- 
esis, while increasing hepatic FA oxidation.’ Thus it is not 
surprising that leptin-deficient mice develop severe steatosis. 
Interestingly, despite having mild NASH, leptin-deficient mice 
are protected from fibrosis, even when submitted to other profi- 
brogenic liver insults.” Leptin promotes hepatic fibrogenesis 
through its direct effects on HSCs. It prevents HSC apoptosis, 
promotes HSC proliferation, and stimulates HSCs to transdif- 
ferentiate into myofibroblasts.'””'°° Leptin also modulates body 
fat composition, insulin activity (decreasing insulin production 
and secretion,’ while increasing sensitivity to insulin'®”"*’), ther- 
mogenesis, and immune responses.’ Leptin is produced by adi- 
pocytes and hence leptin levels are increased in patients with 
obesity. However, hyperleptinemia induces partial leptin resis- 
tance that inhibits the anorexigenic effects of leptin in the central 
nervous system while maintaining many of its peripheral effects, 
including fibrogenesis." Leptin is generally increased in 
human NAFLD, and some studies (though not all) showed a 
positive correlation between leptin levels and the severity of 
hepatic steatosis, inflammation, and fibrosis.'°°'??''® 

Several other adipokines may also be important in the develop- 
ment and progression of NAFLD, such as resistin, 961°! 
visfatin’?!> and retinol-binding protein 4,'°5200 However, their 
functions and role in the pathogenesis of NAFLD remain 
controversial. 

In summary, energy surplus induces pressure for adipose tissue 
to expand. Because adipocytes have a limited capacity to enlarge, 
they become stressed and undergo programmed cell death, which 
initiates important inflammatory responses. Increased inflamma- 
tion promotes insulin resistance in the adipose tissue, deregula- 
tion of adipokines production, and spill-out of FAs into the 
circulation. The adipose-derived FAs then accumulate ectopically 
in other organs, which, together with the increase in proinflam- 
matory cytokines, induces insulin resistance in muscle and liver, 
eventually causing NAFLD, cardiovascular, and renal disease 


(Fig. 25-3). 


Nonalcoholic Fatty Liver Disease and Insulin 
Resistance: The Chicken and Egg Paradox 


NAFLD strongly associates with IR and type 2 diabetes mellitus 
(T2DM). Indeed, NAFLD is two to three times more frequent 
in patients with T2DM™ and T2DM is five to nine times more 


frequent in patients with NAFLD.” IR and T2DM increase the 
risk for developing NASH, progressive liver fibrosis, cirrhosis, and 
hepatocellular carcinoma.” Conversely, patients with NAFLD 
and T2DM have worse T2DM-related outcomes, with worse 
glycemic control,” and increased risk for renal and ophthalmo- 
logic complications.” Moreover, patients with NAFLD, and par- 
ticularly NASH, also have a higher risk of developing T2DM.”” 
The aggregate data suggest a causal link between T2DM and 
NAELD and vice versa. Although this concept has become dogma 
in the NAFLD field, some evidence challenges the significance of 
IR/T2DM in the development and progression of NAFLD. First, 
neither IR, nor T2DM, is required for NAFLD to develop, 
because the full NAFLD spectrum (including cirrhosis) can occur 
in humans who are not IR or diabetic. Also, rodent animal models 
of NASH with an aggressive/fibrogenic phenotype (e.g., the 
methionine choline deficient dietary model” and genetic models 
of NASH caused by deficiency of phosphatase and tensin 
homolog””**” or fatty-acyl CoA oxidase’'’*'') do not develop 
obesity or IR. Conversely, long-term feeding with a high-fat diet 
induces severe IR, but causes only very mild steatohepatitis with 
almost no fibrosis.” Furthermore, there is discordance between 
strategies that improve liver histology and strategies that improve 
glucose metabolism in patients with NAFLD. Indeed, major clini- 
cal trials of insulin-sensitizing agents failed to demonstrate signifi- 
cant improvement in liver fibrosis.*'* This is an important negative 
result because fibrosis is the best predictor of prognosis in patients 
with NAFLD. On the other hand, an agent that improved liver 
fibrosis, obeticholic acid, worsened IR.” 

The most accepted model of NAFLD posits that IR starts in 
the overwhelmed adipose tissue,’ where it promotes release of 
FFAs through increased lipolysis that results from failure to sup- 
press hormone-sensitive lipase.” Ectopic accumulation of fat, the 
perturbed adipokine profile, and the proinflammatory state caused 
by adipose tissue dysfunction then promotes IR in muscle and 
liver. In the liver, IR and hyperinsulinism promote steatosis. In 
liver, insulin-initiated signaling normally inhibits gluconeogenesis 
and FA oxidation and promotes glycolysis and de novo lipogenesis. 
In liver, resistance to insulin selectively blocks the actions of 
insulin in glucose metabolism. Insulin effects on lipogenesis are 
preserved. Although several hypotheses have been forwarded to 
explain this discrepancy, the mechanism for the dissociation 
between sensitivity to insulin control of glucose and lipid metabo- 
lism is still not understood.”°*”! IR promotes hyperinsulinemia 
to overcome the reduced sensitivity to insulin.”* Hyperinsu- 
linemia increases de novo lipogenesis that exacerbates IR.” 

Insulin binds to its receptor inducing its dimerization and 
autophosphorylation in tyrosine residues 1158, 1163, and 1164 
of B-subunits. The insulin receptor recruits and phosphorylates 
a number of substrates, including IRS-1/2, which then activate 
both the phosphatidylinositide-3-kinase (PI3K)/Akt and Ras/ 
MAPKs signaling cascades’? (Fig. 25-4). The former signaling 
cascade mediates insulin effects on metabolism and prosurvival, 
whereas the latter mediates effects on mitogenesis and cell growth. 
Regarding PI3K/Akt signaling, PI3K generates the second mes- 
senger phosphatidylinositol (3,4,5)-triphosphate that activates 
3-phosphoinositide-dependent protein kinases 1 (PDK-1) and 
PDK-2, which, in turn, activate the protein kinase Akt (also 
known as protein kinase B) through phosphorylation at residues 
tyrosine 308 and serine 473, respectively.” This pathway leads 
to expression and activation of SREBP-lc, promoting lipid and 
cholesterol synthesis, and suppression of the gluconeogenesis- 
promoting forkhead transcription factor Foxol, resulting in 
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e Fig. 25-3 Adiposopathy, the common source of the metabolic syndrome, cardiovascular disease 
and NAFLD. The overtaxed adipocyte responds with hypertrophy, which is a maladaptive response. 
Because adipocytes have a limited capacity to expand, adipocyte hypertrophy subjects the cell to several 
stresses such as oxidative stress, hypoxia, and ER stress. The adipose tissue becomes insulin resistant 
and elicits matrix remodeling that further worsens its physiology. Eventually adipocytes in the visceral pads 
undergo programmed cell death, which initiates an important inflammatory response. This further worsens 
insulin resistance, leading to deregulation of adipokines production and spill-out of FAs into the circulation. 
FAs can then accumulate ectopically in other organs, which together with the increase in proinflammatory 
cytokines induces insulin resistance in the muscle and in the liver, as well as NAFLD, cardiovascular 
disease, and renal disease. ER, Endoplasmic reticulum; FA, fatty acid; NAFLD, nonalcoholic fatty liver 
disease; NASH, nonalcoholic steatohepatitis; TNF-a, tumor necrosis factor œ. 


suppression of gluconeogenesis. Akt phosphorylates Foxo1, which 
promotes translocation of Foxol from the nucleus to the cyto- 
plasm where it is ubiquitinated and degraded, thus hampering 
Foxol-mediated gene transcription. Akt phosphorylates several 
other downstream targets, including glycogen synthase kinase 3b, 
thereby removing its inhibitory effect on glycogen synthase and 
promoting glycogen synthesis. Akt also inhibits tuberous sclerosis 
complex 1-2, which then promotes mammalian target of rapa- 
mycin complex (mTORC) activation. AKT also phosphorylates 
the following: 
e Akt substrate 160-kDa protein resulting in Glut4 translocation 

and hence increasing glucose uptake 
e Bcl2-associated agonist of cell death for apoptosis inhibition 
e Phosphodiesterase-3 for cAMP degradation thereby inhibiting 

cAMP response element-binding protein (CREB)-regulated 

transcription coactivator 2, a CREB coactivator that increases 

hepatic gluconeogenesis 

Of note, mTORC1 is a highly conserved protein kinase that 
controls cell growth and metabolism in response to energy status, 
promoting protein synthesis and SREBP-1c-dependent lipogen- 
esis, while suppressing autophagy.” 

Liver steatosis can also induce IR. However, IR does not always 
accompany hepatic steatosis, suggesting that its occurrence may 


depend on the type of fats that accumulates in the liver.” For 
example, diacylglycerol, ceramides and saturated FAs seem to 
be more potent inducers of IR than triglyceride.” Lipids 
can interfere directly with the insulin receptor pathway, inhib- 
iting insulin signaling. Saturated or unsaturated FAs produce 
diacylglycerol that activate protein kinase C epsilon, which in 
turn directly binds and inhibits insulin receptor kinase activ- 
ity preventing IRS-1/2 tyrosine phosphorylation.” Alterna- 
tively, saturated FA can induce IR through activation of toll-like 
receptor 4 (TLR-4) and subsequent up-regulation of ceramide 
synthesis. Ceramide induces activation of protein phosphatase 
2A, which directly inhibits insulin pathway at the level of Akt 
phosphorylation.**°*! 

Hepatic inflammation/NASH can further worsen IR. The 
concept that inflammation can induce IR was spawned more than 
100 years ago, when salicylates were discovered to have antidiabetic 
effects.” Recently, the mechanisms of salicylate protection were 
linked to inhibition of NF-KB pathway.” Many inflammatory 
cytokines (e.g., TNF-a, IL-1, several TLR) activate NF-KB, an 
important transcription factor in NASH.*'**°**” In the canonical 
pathway of NF-«B, active IKK2 phosphorylates NF-«B inhibitor, 
IkBo, targeting it for ubiquitination and subsequent degrada- 
tion. This releases NF-KB from IkB allowing NF-KB to enter the 
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e Fig. 25-4 Insulin signaling pathway. Insulin binds to its receptor inducing its dimerization and autophosphorylation in tyrosine residues in B-subunits. 
The insulin receptor recruits and phosphorylates tyrosine substrates in insulin receptor substrate (IRS)-1/2 among other substrates, which then leads to 
downstream activation of both phosphatidylinositide-3-kinase (PI8K)/Akt and Ras/MAPKs signaling cascades. PI8K generates the second messenger 
phosphatidylinositol (8,4,5)-triphosphate that activates 3-phosphoinositide-dependent protein kinase 1 (PDK-1) and PDK-2, which, in turn, activate the 
protein kinase Akt (also known as protein kinase B) through sequential phosphorylations. This pathway leads to expression and activation of lipogenic 
transcription factor SREBP-1c, by abrogating the inhibitor effect of Insig 2. Akt also suppresses Foxo1 forkhead transcription factor regulating gluco- 
neogenesis, lipogenesis among other functions. Akt phosphorylates several other downstream targets, including: Gsk3b, removing its inhibitory effect 
on glycogen synthase and promoting glycogen synthesis; AS160 resulting in Glut4 translocation and hence increasing glucose uptake; Bad for apoptosis 
inhibition; and phosphodiesterase-3 (PDESB) for cAMP degradation thereby inhibiting CRTC2, a CREB coactivator that increases hepatic gluconeogen- 
esis. Akt also inhibits tuberous sclerosis complex 1-2, which then promotes mTORC activation. aPKC, Atypical protein kinase C; AS760, Akt substrate 
160 kDa protein; ATG8, autophagy-related gene 8; Bad, Bcl2-associated agonist of cell death; CREB, cAMP response element-binding protein; 
CBP. CREB-binding protein; CRTC2, CREB-regulated cofactor 2; FA, fatty acid; Foxo1, fork-head/winged helix transcription factor O class member 1; 
G6Pase, glucose-6-phosphatase; Glut, glucose transporter; GS, glycogen synthase; Gsk3, glycogen synthase kinase 3; Homx1, heme oxygenase 1; 
IKKb, inhibitor of NF-«B kinase; /L-7, interleukin-1; Insig2, insulin induced gene 2; IRS, insulin receptor substrate; JNK, c-Jun N-terminal kinase; 
LC3 (MAP1L3A), microtubule-associated protein 1A/1B-light chain 3; MnSOD, manganese superoxide dismutase; mTORC, mammalian target of rapa- 
mycin complex; PDK1, phosphoinositide-dependent protein kinase 1; PDK4, pyruvate dehydrogenase kinase 4; PEPCK, phosphoenolpyruvate car- 
boxykinase; PGC 7a, peroxisome proliferator-activated receptor gamma coactivator 1a; PISK, phosphatidylinositol (Pl)-3-kinase; RANTES, regulated on 
activation, normal T cell expressed and secreted; SREBP7, sterol response element-binding protein 1; TLR, toll-like receptor; TNF-a, tumor necrosis 
factor a; TSC7/2, tuberous sclerosis complex 1/2. 
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nucleus and promote transcription of proinflammatory genes.” 
The NF-KB pathway elicits IR through several mechanisms. IKK2 
induces serine phosphorylation of IRS1-2, thus preventing tyro- 
sine phosphorylation and hence activation of IRS.” Cyto- 
kines can also activate JNK to induce serine phosphorylation of 
IRS.” IR itself can promote/perpetuate inflammation through 
abrogation of the inhibitory effect of insulin on Foxol. Indeed, 
TR-associated reactivation of Foxo-1 increases expression of proin- 
flammatory cytokines.“ Lastly, IR and hyperinsulinemia have 
profibrogenic effects. Direct effects of insulin on HSCs inhibit 
apoptosis while promoting HSC proliferation and transdifferen- 
tiation into activated myofibroblasts. $ 

In summary, peripheral IR triggers the development of 
NAFLD. The inflammatory milieu caused by obesity then drives 
hepatic IR and hyperinsulinemia, further worsening hepatic ste- 
atosis. Lipotoxicity-induced liver injury worsens inflammation. 
IR and hyperinsulinemia intensifies liver injury, inflammation 
and fibrogenesis, establishing a vicious circle between ectopic fat 
and IR. 


Oxidative Stress: Overburning Fat 


Oxidative stress is defined as an imbalance between the produc- 
tion of free radicals and antioxidant defenses. Oxidative stress 
may lead to tissue injury.” Free radicals are chemical species that 
contain unpaired electrons that increase the chemical reactivity 
of the parent molecule. Oxygen is the main source of radicals 
because it easily accepts electrons producing ROS. Free radicals 
are unstable molecules that can react with DNA, lipids, pro- 
teins and carbohydrates.” Free radical attacks on DNA bases 
can convert guanine into 8-hydroxyguanine leading to single- and 
double-strand breaks and protein/DNA crosslinks.” Protein 
oxidation renders the protein susceptible to proteolysis.”” Lipid 
attack produces lipid peroxidation products. Free radicals attack 
FA to remove a hydrogen atom (H’) from a methylene group 
(CH3), generating an unpaired electron on the carbon (‘CH) 
which undergoes molecular rearrangement resulting in a con- 
jugated diene. Conjugated dienes can combine with oxygen to 
produce peroxyl radicals, which attack another methylene group 
and begin a chain reaction that will stop only when all substrate 
is consumed or through the intervention of antioxidants such 
as vitamin E. Lipid peroxides have longer half-lives than ROS 
and can diffuse into the extracellular space and attack distant 
cells, thereby amplifying oxidative stress." Lipid peroxidation 
greatly disturbs cell function. It is particularly damaging to cell 
membranes, inducing changes in fluidity, increasing permeabil- 
ity, decreasing membrane potential, and eventually leading to 
membrane rupture.” Oxidative stress has other serious conse- 
quences in the liver. For example, it creates a proinflammatory 
state through induction of TNF-a, IL-6, and IL-1. Also, the 
lipid peroxidation product 4-hydroxynonenal is a chemoattrac- 
tant for neutrophils.” In addition, oxidative stress triggers ER 
stress, apoptosis, and fibrogenesis.””’ Lipoperoxides enhance 
macrophage expression of profibrogenic cytokine TGF-B’™* and 
directly promote survival and transdifferentiation of HSCs into 
myofibroblasts.” 

Animal models of NASH demonstrate a clear induction of 
oxidative stress and reveal its role in the pathogenesis of NAFLD/ 
NASH.” Human data also consistently show evidence of 
oxidative stress/lipid peroxidation in NAFLD, and even more in 
NASH, confirming positive correlations between oxidative stress 


and severity of IR, steatosis, inflammation, and fibrosis.” Data 
on antioxidant status is more variable. 02977477 This might 
reflect a time-dependent phenomenon in which antioxidant 
systems are initially up-regulated to compensate for increased free 
radical production, but eventually become exhausted, resulting in 
decreased stores of antioxidants. Patients with intrinsic deficits in 
antioxidant systems appear to be susceptible to NAFLD progres- 
sion, however, as evidenced by the association between NASH and 
loss-of-function polymorphisms in superoxide dismutase-2.7”*”” 

The most common free radicals are hydroxyl radical (OH), 
superoxide anion (O,"), hydrogen peroxide (H,O3), nitric oxide 
radical (NO7), and peroxynitrite (ONOO). OH is the most 
potent oxidant known, whereas O," is a weak oxidizing agent by 
itself but it is an important source of "OH and H303.” H,O, is 
a weak oxidant; however, it can freely diffuse across cell mem- 
branes and can convert metal ions into hydroxyl radicals via the 
Fenton reaction. 

Important sources of ROS are dysfunctional mitochon- 
dria, ER stress, and microsomal and peroxisomal oxidation. In 
NAFLD, the overwhelming influx of FAs for mitochondrial 
B-oxidation provides the main source of ROS. Increased mito- 
chondrial B-oxidation increases mitochondrial respiratory rates 
in obese individuals without NASH, denoting mitochondrial 
flexibility. This response is lost in patients with NASH, as evi- 
denced by lower mitochondrial respiratory rates despite higher 
mitochondrial mass.”” In normal circumstances, most electrons 
that go through the mitochondrial respiratory chain reach the 
last complex, cytochrome c oxidase (complex IV), where oxygen 
undergoes four-electron reduction and is converted into water. A 
small subpopulation of electrons never reach this final destina- 
tion and partially reduce (with one electron) oxygen in earlier 
complexes (complex I, NADH dehydrogenase, or complex 
HI, ubiquinone-cytochrome c reductase) to generate O,™ (see 
Fig. 25-2).°*°°3 B-Oxidation of excessive FAs promotes mito- 
chondrial hyperpolarization, thereby prolonging the half-life of 
mobile electron carriers and driving partial reduction of oxygen 
in ROS.“ UCPs protect from ROS production by decreasing 
mitochondrial polarization.” However, UCP-2 deficiency did 
not worsen baseline steatosis or liver injury in two animal models 
of NASH (genetically obese leptin deficient ob/ob mice and mice 
fed a high-fat diet),”*' suggesting that fatty livers have redundant 
mechanisms to compensate for increased ROS that are generated 
during FA metabolism. Interestingly, in the normal liver, UCP-2 
is expressed in Kupffer cells and is virtually absent from hepato- 
cytes. However, in NAFLD/NASH, UCP-2 is highly up-regulated 
in hepatocytes, but down-regulated in Kupffer cells. Whereas 
UCP-2 induction in hepatocytes likely quenches inherent ROS 
production by hepatocytes, reduced UCP-2 expression in Kupffer 
cells increases production of ROS and ROS-induced cytokines 
such as TNF-o by these liver-resident immune cells.” TNF-a 
and ROS-related lipid peroxidation further suppress mitochon- 
drial respiration, damage mitochondrial DNA, and deplete cyto- 
chrome c, increasing mitochondrial dysfunction and net hepatic 
production of ROS.*” 

Cells have enzymatic and nonenzymatic antioxidant defenses. 
Regarding the former, superoxide dismutases (SOD-1, a cytosolic 
zinc- or copper-containing enzyme, and SOD-2, a mitochondrial 
enzyme containing manganese) convert O,” into H,O,, Hydro- 
gen peroxide is further detoxified by glutathione peroxidase or 
catalase. Regarding nonenzymatic antioxidants, lipophilic vitamin 
E (a-tocopherol) is present in the cell membrane and functions as 
an efficient peroxyl radical—scavenging antioxidant, interrupting 
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the chain reaction of lipid peroxidation.” ”® The process pro- 
duces tocopherol radical, which not only is much less reactive, 
but can be easily converted back to O-tocopherol by vitamin 
C.” Vitamin E does not afford protection against the oxidation 
mediated by enzymes, such as cytochrome c oxidase, or nonradical 
oxidants.’ Notably, treatment with vitamin E improved amino- 
transferases and liver histology in a large randomized controlled 
trial in patients with NASH.”” 

One important antioxidant system is the transcription factor 
nuclear erythroid—derived 2-related factor 2 (Nrf2) that regu- 
lates the expression of over 100 cytoprotective genes.**? Under 
normal circumstances, Nrf2 is sequestered in the cytoplasm 
by the complex formed by Kelchlike ECH-associated protein 
1 (Keap-1) and Cullin 3-base E3 ligase, which promote Nrf2 
ubiquitination and subsequent proteasomal degradation.” ROS 
break the sequestration complex, allowing Nrf2 to translocate 
into the nucleus where it binds to a common DNA sequence 
called the antioxidant response element,” promoting transcrip- 
tion of cytoprotective genes (e.g., heme oxygenase-1), genes 
involved in the glutathione system (e.g., NAD[P]H: quinone 
oxidoreductase-1 [NQO1)), and others.” Activation of the Nrf2 
pathway is increased in human NAFLD and in animal models 
of NASH.”*? Furthermore, mice deficient in Nrf2 consistently 
show increased susceptibility to oxidative stress and severe NASH, 
whereas mice deficient in Keap1 have an overactive Nrf2 pathway 
and are protected from liver disease.*”*”” Similarly, treating wild- 
type mice with Nrf2 agonists prevents diet-induced NASH and 
fibrosis.” Further study of the Nrf2 pathway may provide new 
approaches to manage patients with NASH. 

Iron is associated with oxidative stress. Hence, the role of iron 
in NASH pathogenesis and the possibility that iron might be a 
therapeutic target in NAFLD/NASH have been widely studied. 
Some, but not other, human studies suggest an association 
between iron overload and severity of NASH and fibrosis. The 
discrepant findings may reflect how hepatic iron status was evalu- 
ated. Ferritin concentration was the most consensually associated 
parameter, whereas Perl staining and hepatic index concentration 
were the most discordant parameters across different studies, and 
transferrin saturation (translating global iron overload) showed 
the weakest association.””**”* Notably, some studies suggested that 
ferritin levels do not accurately predict iron overload. Rather, 
elevated ferritin levels may simply reflect increased necroinflam- 
matory activity 0> because ferritin expression is induced by 
IL-1 and TNF-a.*”* Recently, a 'H-magnetic resonance spectros- 
copy study assessing hepatic iron content with magnetic reso- 
nance demonstrated a strong positive association between ferritin 
and severity of steatosis.” Iron overload was also more frequent 
in patients with hepatocellular carcinoma in a cohort of 153 
patients with NASH-associated liver cirrhosis, of whom one-third 
had hepatocellular carcinoma.*'° In the liver, iron can accumulate 
in hepatocytes (as typically occurs in hereditary hemochromato- 
sis), in Kupffer/sinusoidal cells (reticuloendothelial system), or 
both.*'' Two large studies on liver biopsies from patients with 
NAFLD showed that one-third of the patients had evidence of 
iron deposition by Perl staining, and demonstrated that the iron 
was evenly distributed among the three patterns. Interestingly, 
whereas hepatocyte staining correlated with insulin resistance, 
staining in the reticulo-endothelial system associated with the 
presence of NASH and advanced fibrosis, possibly reflecting an 
activation of the immune system in response to lipotoxicity.” >"? 
However, in another study only hepatocyte staining associated 
with fibrosis.” Lastly, studies evaluating associations between 


mutations in HFE gene and severity of NAFLD/NASH have 
demonstrated very discordant findings. This may be related to the 
heterogeneity of the genetic backgrounds of the populations 
studied (mutations being highly prevalent in Mediterranean pop- 
ulations and extremely rare in the Japanese population®"’), and to 
referral bias (tertiary vs. primary care).* 

Studies in animal models of diet-induced NASH have shown 
that inducing iron overload worsens liver histology, particularly 
fibrosis.” > Insulin resistance/T2DM has been associated with 
iron overload (or at least ferritin levels), with higher ferritin levels 
predicting higher risk of developing IR/T2DM.*'*” Iron can 
induce IR by increasing oxidant stress via production of free 
radicals.” It impairs hepatic extraction and metabolism of 
insulin, promoting hyperinsulinemia.’””*”* The reverse is also true, 
that is to say hyperinsulinemia increases iron uptake by promoting 
redistribution of transferrin receptors into the plasma mem- 
brane.” Iron exacerbates liver injury in NAFLD through 
enhanced oxidative stress caused by free radicals that are produced 
via the Fenton reaction. Iron-associated oxidative stress has been 
demonstrated in animal models’??? and in human studies in 
NAFLD.” Regarding the effect of iron on fibrosis, a true 
direct effect on HSCs has not be demonstrated.’ However, it is 
believed that iron acts on Kupffer cells,” increasing their produc- 
tion of profibrogenic factors such as TGF-B which promote accu- 
mulation of myofibroblastic HSC via paracrine mechanisms.” 

Several mechanisms for iron accumulation have been pro- 
posed. An unhealthy diet with high consumption of meat and 
iron-supplemented food can supply iron in excess.” Iron over- 
load has also been associated with ineffective erythropoiesis. 
Indeed, NAFLD patients carrying the beta-thalassemia trait have 
a 2.5-fold increased risk for moderate/severe fibrosis.” Entrapped 
erythrocytes in the reticuloendothelial system provide another 
mechanism for iron deposition.” In animals with diet-induced 
NASH and NASH patients, a high-fat, high-cholesterol diet 
promotes erythrocyte fragility with resultant externalization of 
phosphatidylserine on the erythrocyte outer membranes. This 
stimulates Kupffer cell erythrophagocytosis by increasing erythro- 
cyte interaction with a phosphatidylserine-binding protein on 
Kupffer cells. Iron overload can also be a consequence of hepatic 
copper depletion, because copper is essential for mobilization of 
iron stores for metabolic utilization.*” Mutations in o11-antitrypsin 
also lead to iron accumulation and redistribution for the reticu- 
loendothelial system.” 

Several small trials of iron chelators or phlebotomy have evalu- 
ated the effect of iron depletion on NASH.” Most studies, 
though not all, showed that iron depletion improved insulin sen- 
sitivity, glucose metabolism, and aminotransferases. The few 
studies with paired pretreatment and posttreatment liver biopsies 
showed significant improvement in steatosis, but not in features 
of NASH or fibrosis.”’*?' In summary, because well-powered, 
randomized, placebo-controlled studies of iron depletion in 
NASH are still lacking, important questions remain: 

e Can iron depletion improve liver histology in some NASH 
patients? 

e Which patients are the best candidates for phlebotomy? 

e Should maintenance phlebotomies be done after iron deple- 
tion is achieved? 

e If so, at what interval? 


*References 295, 296, 299, 302 ,303, 314-318. 
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Lipotoxicity: The Ugly and the Beast 


The main lipids that accumulate in steatotic livers are triglycerides. 
Hence, steatosis severity is assessed by the hepatic content of 
triglycerides, and triglyceride accumulation has been associated 
with worse metabolic syndrome and cardiovascular risk.” 
However, triglycerides per se do not seem to be toxic to the liver. 
On the contrary, triglyceride accumulation appears to be a com- 
pensatory defense mechanism that provides a buffer against accu- 
mulation of truly toxic fat. Data from animal models beautifully 
illustrate this concept. Genetically modified mice deficient in 
MTP cannot export triglycerides and develop hepatic steatosis 
with accumulation of neutral triglycerides, but do not develop 
NASH.”” In wild-type mice with diet-induced NASH, inhibiting 
the last step on triglyceride biosynthesis (at the level of acyl- 
CoA: diacylglycerol acyltransferase, DGAT) decreased hepatic 
triglyceride content, but increased hepatic FFAs.” These mice 
developed worse lipoperoxidation, apoptosis, liver injury, and 
fibrosis despite having less hepatic steatosis.* What lipids are 
hepatotoxic, if triglycerides are not (Table 25-1)? 

Fatty acids, particularly saturated FAs, are now considered to 
be the major hepatotoxic lipid. Jn vitro incubation of hepatocytes 
with saturated FAs causes only minor accumulation of lipid drop- 
lets but tremendously decreases viability by increasing apoptosis, 


Lipids That Can Promote Lipotoxicity 


whereas incubation with monosaturated FAs induces significant 
lipid accumulation but has no effect on cell viability.” Because 
triglyceride biosynthesis preferentially esterifies monosaturated 
FA; saturated FA must first be desaturated by SCD-1 to be incor- 
porated into triglyceride.” Rodents deficient in SCD-1 develop 
less steatosis, but accumulate more saturated FAs and develop 
worse liver injury and fibrosis when exposed to NASH-inducing 
diets.” Furthermore, methionine-choline—deficient diet signifi- 
cantly suppresses SCD-1 and is the diet model of NASH that 
induces the most severe liver injury and fibrosis in rodents.” Satu- 
rated FAs induce apoptosis by increasing production of ROS and 
generating toxic lipids, such as ceramides and lysophosphatidyl 
choline (LPC). 

Ceramides are synthesized in the ER through the condensation 
of sphingosine and a FA, usually palmitoyl-CoA.**' They initiate 
apoptosis by generating channels that permeabilize the mitochon- 
drial outer membrane, thereby permitting egress of proapoptotic 
proteins that normally localize to the intermembrane space.” 4 
Expression of ceramide metabolism genes associates with liver fat in 
NAFLD patients’ ©. and plasma ceramide levels are higher in dia- 
betic and morbidly obese patients, two populations that are at high 
risk for developing NAFLD,***°*’ as well as in patients with NASH.’ 
Moreover, in an animal model of NASH, inhibiting ceramide 
biosynthesis decreased hepatic steatosis, apoptosis, and fibrosis.” 


Triglycerides e 


Inhibiting triglyceride synthesis in animal models of NASH, worsens ° 
liver disease.”°°° 


Neutral lipid acts as a buffer preventing 
accumulation of toxic lipids. 


e No difference in triglycerides content in patients with simple steatosis e 


Role in IR controversial.°”° 


or NASH.” 

Fatty Acids (FA) No evidence for increase in FA content in NASH compared to simple e Saturated FA induce IR via production of 
steatosis.” diacylglycerol??? and ceramides.”®? 
Patients with NAFLD (and even more if NASH) have increased dietary e Saturated FA promote apoptosis through 
consumption of saturated vs. polyunsaturated FA.®® 379377629630 increased oxidative stress and production of 
Dietary animal models with severe NASH have higher FFA hepatic LPC?” and ceramides.*”' 
content than models with mild NASH.” 

Lysophosphatidyl Patients with NASH, as compared with patients with simple steatosis, e LPC promotes apoptosis via inhibition of synthesis 


choline (LPC) 


have increased plasmatic levels of LPC.’ 


of mitochondrial phospholipid cardiolipin?’ and by 
recruiting proapoptotic Bid.*”” 


Ceramides Patients with T2DM and morbid obesity have higher plasma levels of e Ceramides promote IR.°°**' 
ceramides***’; as well as patients with NASH vs. simple steatosis.°° e Ceramides promote apoptosis*°**™* 
In an animal model of NASH, inhibiting ceramide synthesis improved 
hepatic steatosis, apoptosis and fibrosis.°° 
Diacylglycerol Patients with NASH have lower hepatic diacylglycerol levels as e Diacylglycerol promotes IR." 
compared to patients with simple steatosis.”° e Diacylglycerol may modulate inflammation 
In a mouse model of NASH, despite decreased hepatic diacylglycerol through protein kinase C activation.” 
content, diacylglycerol is increased in the Kupffer cells with a 
proinflammatory profile.” 
Cholesterol In human studies, NASH patients have increased cholesterol content e In mouse models, cholesterol accumulation in 


as compared to patients with simple steatosis.7°°”° 

Patients with NASH vs. simple steatosis have higher intake of 
cholesterol in the diet.°°°”° 

Dietary animal models with supplementation of cholesterol induce 
worse liver disease.” °°" 


Kupffer cells and HSCs associates with more 
proinflammatory and profibrogenic phenotype, 
respectively.” 43? 

Cholesterol crystals can activate the 
inflammasome.’?®* 3% 


FA, Fatty acid; FFA, free fatty acid; HSC, hepatic stellate cell; /R, insulin resistance; LPC, Iysophosphatidyl choline; NAFLD, nonalcoholic fatty liver disease; NASH, nonalcoholic steatohepatitis; T2DM, 


type 2 dibetes mellitus. 
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LPC is another toxic lipid that is generated when saturated FAs 
accumulate. The saturated FA palmitate increases LPC content 
through the action of phospholipase A2.°”° LPC inhibits biosyn- 
thesis of cardiolipin, an important mitochondrial phospholipid 
that maintains mitochondrial membrane stability by binding to 
cytochrome c.”’' When cardiolipin levels fall, cyctochrome c is 
free to translocate out of mitochondria and promote apoptosis. *”' 
LPC also recruits Bid, a proapoptotic factor.” Compared with 
patients with simple steatosis, patients with NASH have increased 
plasma levels of LPC.** 

Diacylglycerol (DAG) is another lipid that may promote hepa- 
totoxicity. DAG is known to induce IR. It may have a role in 
inflammation by activating protein kinase C.” However, hepatic 
DAG content is actually lower in patients with NASH than in 
patients with simple steatosis.” The net hepatic DAG content was 
also decreased in a mouse model of NASH. Despite this, however, 
Kupffer cells’ diacylglycerol content was increased, and correlated 
with a more proinflammatory phenotype.” 

Cholesterol has been widely convicted as guilty of the patho- 
genesis and progression of NASH. Human studies demonstrated 
higher hepatic free cholesterol content in patients with NASH 
than in patients with simple steatosis.” Dietary cholesterol 
consumption has also been correlated with increased risk for 
NAFLD, NASH, and hepatocellular carcinoma.””*”°*”” Also, 
dietary supplementation with cholesterol worsens liver disease in 
animal models of NASH.*”***' In those models, accumulation of 
cholesterol in Kupffer cells associates with a more proinflamma- 
tory profile.“ Cholesterol accumulation in HSCs is thought to 
promote a profibrogenic profile by down-regulating the TGF-B 
pseudo-receptor BAMBI.” Cholesterol can also promote liver 
disease by directly provoking hepatotoxicity. It modifies mem- 
brane permeability and fluidity. Although plasma membranes are 
tolerant to high cholesterol concentrations, ER and mitochondrial 
membranes are susceptible to increased cholesterol content. Cho- 
lesterol accumulation alters the functions of these organelles, 
leading to hepatocyte ER stress, apoptosis, and necrosis.” Cho- 
lesterol can also form crystals. Recently, these were shown to 
accumulate in livers of mice and patients with NASH, but not in 
livers with simple steatosis.*** Cholesterol crystals can activate the 
inflammasome in Kupffer cells via a process that involves phagoly- 
sosomal damage.*” 

Lastly, oxidized lipoproteins promote liver injury in animal 
models of NASH.” Oxidized LDL mimic pathogen-related 
epitopes and are phagocytized by Kupffer cells, which acquire a 
foamy appearance. Because oxidized LDLs are poorly degraded, 
they accumulate in lysosomes, ultimately leading to disruption of 
lysosomal membrane, activation of the inflammasome, and pro- 
motion of a proinflammatory state.*”*** 

In summary, there is more than the eye can see regarding lipids 
in fatty livers. Clinically, we have tended to focus our attention 
on triglycerides because hepatic triglyceride content is easily evalu- 
ated by available imaging techniques, such as ultrasonography and 
"H-magnetic resonance spectroscopy, or histochemical grading of 
lipid droplet surface area on liver sections. However, triglycerides 
per se do not cause liver injury. Thus it is better to view hepatic tri- 
glyceride as a biomarker of potentially dysfunctional lipid metabo- 
lism. Indeed, triglycerides themselves are cytoprotective molecules 
because they sequester lipids in an inert storage status, thereby 
preventing accumulation of toxic metabolically active forms of 
lipids. Thus future management of NAFLD may shift from strate- 
gies that aim to decrease liver fat to strategies that increase inert 
lipid droplets, but eliminate unwanted noxious lipid species. 


Endoplasmic Reticulum Stress: A Tree Born 
Crooked Cannot Straighten Its Trunk 


The ER is a crucial organelle for maintaining cell homeostasis 
because it is a protein quality checkpoint. Proteins undergo post- 
translational modifications in the ER and are only permitted to 
leave that organelle if they are properly folded.” The ER is also 
a major site of calcium storage, lipid synthesis, and cellular mem- 
brane biogenesis, as well as drug metabolism through cytochrome 
P450 enzymes.°” As such, excessive protein synthesis, mutant 
misfolded proteins, oxidative stress, abnormal calcium signaling, 
and glucose deprivation perturb ER function.” Steatosis can 
change the lipid composition of the ER to increase sarco/ER 
calcium ATPase (SERCA) and thereby elicit ER stress.” FAs and 
cholesterol synergistically induce ER stress, probably by changing 
the phospatidylcholine/phosphatidylethanolamine ratio in ER 
membranes to alter SERCA.” >” When ER function is per- 
turbed, ER stress elicits an adaptive response dubbed the unfolded 
protein response (UPR). The UPR decreases the ER burden of 
misfolded proteins by inhibiting the translation, and promoting 
the degradation of ER-associated proteins (a process that is termed 
ERAD), while up-regulating production of chaperones to increase 
ER folding capacity. When these measures are not sufficient and 
ER stress becomes overwhelming, the UPR elicits programmed 
cell death via apoptosis.” 

The UPR is orchestrated by a major chaperone, glucose- 
regulated protein 78 kDa (GRP78), also called binding Ig protein 
(BIP) (Fig. 25-5). Under normal conditions, GRP78 binds to and 
inactivates three ER transmembrane receptors: protein kinase R- 
like ER kinase (PERK), activating transcription factor (ATF)-6a, 
and inositol requiring enzyme 1a (IRE-1@). When there is ER 
stress, BIP becomes preoccupied with binding unfolded proteins 
and releases the transmembrane receptors, thereby allowing acti- 
vation of their signaling pathways. ATF-6 is a transcription 
factor that promotes synthesis of ER chaperones (e.g., GRP78) 
and genes in the ERAD. IRE-1 mediates splicing of X-box 
binding protein 1 (XBP-1), which in its spliced form also medi- 
ates transcription of ER chaperones and ERAD. Lastly, PERK 
phosphorylates and activate eukaryotic initiation factor (eIF2a) 
leading to global attenuation of protein synthesis. Simultaneously, 
eIF20 increases expression of ATF-4, a transcription factor that 
besides promoting transcription of ER chaperones and ERAD, 
increases expression of C/EBO homologous protein (CHOP, also 
called growth arrest- and DNA damage—inducible gene 153, 
GADD153), thereby bridging ER stress with induction of apop- 
tosis. CHOP is a transcription factor for several proapoptotic 
genes, including death receptor 5, BH3-only protein, and tribbles 
homolog 3.°° CHOP also initiates a negative feedback loop by 
promoting expression of GADD34 that dephosphorylates elF2a. 
In the context of ER stress, apoptosis can also be elicited by 
impaired calcium metabolism with accumulation of calcium in 
the mitochondria, and by IRE-10 recruitment of TRAF2, a factor 
that enhances JNK pathway activity.” 

ER stress has several other dismal consequences. It promotes 
steatosis by inducing IR (through activation of JNK pathway 
and PERK-mediated activation of Foxo),”*’®” increases lipo- 
genesis (through induction of several lipogenic genes, including 
SREBP-1c)*?!?*“ and perturbs VLDL synthesis and export.” 
ER stress also promotes inflammation through induction of oxi- 
dative stress“ and activation of the NF-«B/JNK pathways.*” 

ER stress seems to be a pivotal player in the pathology of 
NAFLD/NASH. In human NAFLD, ER stress is increased but 
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e Fig. 25-5 Endoplasmic reticulum (ER) stress signaling pathways. Under ER stress, the chaperone 
GRP78 binds to misfolded proteins releasing three transmembrane receptors: IRE-1a, PERK, and ATG- 
6a, allowing activation of their signaling pathways. IRE-1@ dimerizes and autophosphorylates, mediating 
splicing of the transcription factor XBP-1, which translocates to the nucleus promoting transcription of 
ER chaperones and ERAD components. IRE-1a also activates JNK pathway, and hence promotes inflam- 
mation; and promotes apoptosis establishing complexes that activate caspase-12 and proapoptotic 
proteins Bak and Bad. PERK dimerizes and phosphorylates activating elF2m. elF2a mediates global 
attenuation of protein synthesis, and increases expression of the transcription factor ATF-4. ATF-4 besides 
promoting transcription of ER chaperones and ERAD, also increases expression of CHOP. CHOP is a 
transcription factor that initiates a negative feedback loop by promoting expression of GADD34 that 
dephosphorylates and inactivates elF2a. CHOP also increases transcription of several proapoptotic genes 
such as DR5, Bim, and TRB3. Finally, ATF-6a is a transcription factor that requires posttranslational 
cleavage in the Golgi apparatus and promotes synthesis of ER chaperones (e.g., GRP78) and genes in 
the ERAD. Calcium release from ER can also promote apoptosis. ATG-6a, Activating transcription factor- 
6a; Bad, Bcl-2 associated agonist of cell death; Bak, Bcl-2 homologous antagonist/killer; Bim, BH3-only 
protein; CHOP C/EBO homologous protein; DR5, death receptor 5; e/F2a, eukaryotic initiation factor; 
ERAD, ER-associated protein degradation; GADD34, growth arrest- and DNA damage-inducible gene 
34; GRP78, glucose-regulated protein 78 kDa; /RE-7a@, inositol requiring enzyme 10; JNK, c-Jun 
N-terminal kinase; PERK, protein kinase R-like ER kinase; SXBP-1, spliced X-box binding protein-1; TRB, 
tribbles homolog 3; XBP-7, X-box binding protein 1. 
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there seems to be a failure to activate UPR recovery pathways as 
evidenced by the fact that NASH-related increases in e[F2 and 
GPR78 are not accompanied by increases in ATF4 or GADD34, 
and the splice form of XBP-1 actually decreased.” Various 
animal models of NASH show similar impairments in ER 
function.“ Rodents with an impaired UPR response, or exag- 
gerated ER stress, generally develop worse liver injury when sub- 
mitted to NASH-inducing diets.” Conversely, mice with 
abrogated ER stress are typically protected from high-fat diet- 
induced liver disease.“””*'°*'' However, not all animal studies were 
able to demonstrate the deleterious effects of ER stress on NASH, 
underscoring the complexity of ER stress responses and compen- 
satory mechanisms.“ 

In summary, accumulation of misfolded proteins, lipotoxicity, 
and oxidative stress initiate ER stress. In an attempt to reestablish 
ER homeostasis, the UPR response is elicited. However, when ER 
stress becomes chronic and overwhelming, this initially adaptive 
response worsens steatosis and inflammation and promotes cell 


death, all of which potentiate NASH progression. 


Autophagy: The Ouroboros Housekeeper 


Autophagy, from the Greek “self-eating,” is a cellular catabolic 
program whereby a lysosomal pathway behaves as a housekeeper 
to remove/degrade organelles and proteins that are damaged, or 
to obtain energy during nutrient deprivation.“ In the liver, 
1% to 5% of cellular proteins are recycled by autophagy each 
hour.“ Autophagy has important roles in regulating lipid homeo- 
stasis, cell death, and tumorigenesis via its ability to control lipo- 
phagy,*”? degradation of caspase-8,° and clearance of damaged 
cells that escape apoptosis. "°? 

In its classical form, macroautophagy, the structure targeted for 
degradation is surrounded by an isolated membrane (phagophore) 
that encircles the structure in an autophagosome. The latter then 
fuses with a lysosome establishing an autolysosome (Fig. 25-6). 
Autophagy is regulated by autophagy-related genes (A7Gs). In 
a state of nutrient repletion, mTORC1 binds to uncoordinated 
59-like kinase 1 complex (ULK1), the mammal homolog of the 
yeast autophagy-initiating ATG1 kinase. In a state of nutrient 
depletion, mTORCI dissociates from ULK1 allowing it to recruit 
proteins ATG13 and AGT17 and form a complex with class 
HI phosphatidylinositol 3 kinase vsp34 and beclin-1 (also called 
ATG6) in the lipid membrane. Beclin-1 becomes phosphorylated 
mediating activation of VPS34 kinase and subsequent production 
of phosphatidylinositol 3-phosphate. These events lead to initia- 
tion of the phagophore and recruitment of proteins and lipids 
with nucleation and expansion of the autophagosome.‘!**'°“?? 
This step is controlled by two ubiquitin-like conjugated systems, 
complex ATG12 to ATG15 and microtubule-associated protein 
1 light chain 3 (LC3, also called ATG8). 

LC3 is often used to assess autophagy, so it merits a further 
discussion. LC3 is constitutively cleaved by ATG4 to generate 
LC3-I. If the autophagy is active, LC3-I is conjugated to lipid 
phosphatidylethanolamine by ATG7 and ATG3 to form LC3-II. 
LC3-II associates with the membrane of the autophagosome, 
promoting its elongation and closure. Later, LC3-II is degraded 
after fusion of autophagosome with lysosome. The ratio of LC3-I/ 
LC3-II and changes in LC3-II content over time have been 
used as markers of active autophagy. LC3-II accumulation has 
also been used as a marker of ineffective autophagy/lysosomal 
degradation. 


The role of autophagy on NAFLD is still controversial. The 
pathway is difficult to study because it is complex and dynamic, 
and interpretation of findings depends on the point of pathway 
perturbation. The most accepted theory is that failure to initiate 
autophagy, or ineffective autophagy, promote NAFLD develop- 
ment and progression. Jn vitro studies on hepatocytes treated with 
FA, or cultured in methionine choline-deficient media, showed 
that inhibition of autophagy enhances fat accumulation by 
impairing lipolysis. Hepatocyte lipid accumulation, in turn, 
restrains autophagy." In animal models, genetic or diet-induced 
obesity induces severe down-regulation of autophagy. 4®® Mech- 
anisms involved include hyperinsulinemia (which abrogates the 
inhibitory effect of mTORC1) and changes in the lipid composi- 
tion of membranes (which decrease the fusion efficiency necessary 
to form autophagolysosomes).*”” In animal models of obesity, 
further suppression of autophagy worsened IR and hepatic steato- 
sis, and restoring autophagy improved IR and steatosis.“ 

Mouse models of NASH and studies on human NAFLD/ 
NASH also suggest ineffective autophagy.’**** Potential benefits 
of autophagy in NAFLD/NASH include its effects in steatosis and 
insulin sensitivity, protection from oxidative stress, TNF-mediated 
injury and inflammation, ER stress, and tumorigenesis.“'° The 
effects of autophagy on fibrogenesis seem to be cell-dependent.“ 
HSCs increase autophagic flux during in vitro activation.“ 
Autophagy plays a role in decreasing cellular lipid content as 
HSCs transdifferentiate into myofibroblasts, and selective inhibi- 
tion of HSC autophagy hampers HSC activation in vitro and in 
several models of fibrogenesis.“ Thus inhibiting autophagy in 
HSCs has antifibrotic effects. However, selective inhibition of 
autophagy in macrophage/Kupffer cells promotes fibrosis by 
inducing those cells to acquire a more proinflammatory pheno- 
type that generates paracrine profibrogenic factors that activate 
HSCs.** Also, losing autophagy-mediated cytoprotective actions 
in hepatocytes stimulates fibrogenesis by promoting liver injury. 

In summary, autophagy is a defensive strategy in which the cell 
autocannibalizes its organelles and proteins in order to recycle 
nutrients and energy, and to eliminate degraded cellular compo- 
nents that would otherwise perturb normal functioning. Autoph- 
agy behaves like a sensor of energy, so it is intuitive that ectopic 
fat accumulation (an indicator of energy excess) can inhibit this 
response. Inhibition/ineffective autophagy worsens ectopic fat 
accumulation and promotes cell injury and progression of NASH. 


Sterile Inflammation: When the Aggressor 
Is Fat 


A sine qua non requisite for the diagnosis of NASH is the presence 
of chronic lobular infiltrate. The innate immune system seems to 
play a crucial role in NASH pathogenesis, with macrophages/ 
Kupffer cells being the cell type most studied. In patients with 
NASH, Kupffer cells acquire a foamy proinflammatory pheno- 
type, analogous to foam cells in atherosclerotic plaques. These 
activated Kupffer cells rearrange around dead cells and resemble 
crownlike structures in sick adipose tissue.” In animal models 
of NASH, selective depletion of Kupffer cells consistently protects 
from steatosis and IR, liver injury, and fibrosis. 7*4 

The role of natural killer T cells (NKT cells) in NAFLD/ 
NASH pathogenesis has also been extensively studied. NKT cells 
are a distinct lineage of T cells that share features of NK cells, 
recognizing glycolipids presented by cluster of differentiation 1d 
(CD1d), which is highly expressed in hepatocytes. NKT cells 
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e Fig. 25-6 Autophagy pathway. Autophagy is initiated through the recruitment of ATG13 and AGT17 
by ULK-1. That allows the assembly of a complex with class Ill phosphatidylinositol 3 kinase vsp34 and 
beclin-1 (also called ATG6), in the lipid membrane. Beclin-1 becomes phosphorylated mediating activation 
of VPS34 kinase and subsequent production of phosphatidylinositol 3-phosphate. These events lead to 
initiation of the phagophore: the isolation of structures targeted for degradation that become surrounded 
by an isolated membrane. Two ubiquitin-like conjugated systems, complex ATG12 to ATG15 and LC3 
(also called ATG8) mediate nucleation and expansion of the phagosome that closes in an autophagosome. 
The latter then fuses with a lysosome establishing an autophagolysosome, where the targeted structures 
will be digested and degraded. mTORC-1 binds to ULK-1 inhibiting autophagy. mMTORC-1, in its turn, is 
under the regulation of insulin signaling through Akt, p38 and AMPK. ATG, Autophagy-related genes; 
LC3, microtubule-associated protein 1 light chain 3; mTORC1, mammalian target of rapamycin complex- 
1; ULK-1, uncoordinated 59-like kinase 1 complex. 


have biphasic actions in NAFLD/NASH. NKT cells are depleted 
in livers with simple steatosis, whereas NASH is accompanied by 
increased hepatic accumulation of NKT cells. NKT depletion in 
steatotic livers results from down-regulation of CD1d in plasma 
membranes of hepatocytes as a consequence of steatosis-induced 
ER stress.“**““° Increased NKT apoptosis also contributes to NKT 
cell depletion in fatty livers.“ NKT cells produce antiinflam- 
matory cytokines. Thus depleted NKT cell populations permit 
proinflammatory polarization of hepatic immune cells and this 
worsens steatosis and IR." Wound-healing responses that are 
activated during NASH (such as hedgehog) recruit NKT cells 
to the liver where they accumulate and promote fibrogenesis by 
producing IL-13*””° and other profibrogenic cytokines.“ 
Less is known about the role of other lymphocytes in NASH 
pathogenesis. 4460461 There is evidence for depletion of T 


regulatory cells, which are susceptible to apoptosis induced by 
steatosis-associated oxidative stress.“ Residual T cells in NASH 
livers also show relative skewing towards more proinflammatory 
Th1 and Th17 phenotypes.“ 

What drives the immune response in NASH? Microorganisms 
and injured cells release cues that elicit inflammatory responses: 
pathogen- and damage-associated molecular patterns (PAMPs 
and DAMPs), which activate cellular pattern recognition recep- 
tors in the immune system. Furthermore, several lipids can acti- 
vate the immune system because they mimic microbial antigens. 
Microbial material from the gut reaches the liver through the 
portal vein. Gut-to-liver flux is increased by bacterial overgrowth 
and intestinal permeability that accompany obesity, high-fat diet 
consumption, and NAFL/NASH.“*” Accordingly, in NAFLD 
(and particularly NASH) there is increased hepatic exposure to 
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endotoxin/lipopolysaccharide (LPS), a component of the outer 
membrane of gram-negative bacteria,“”'“”*“”' as well as DAMPs, 
substances released by injured and dying liver cells or produced 
when extracellular factors are degraded by intracellular enzymes 
that are released during injury.‘ Examples of DAMPs are high- 
mobility group box 1, heat-shock proteins, and hyaluran.*”° 

PAMPs and DAMPs interact with pattern-recognition recep- 
tors. An important class of pattern-recognition receptors is the 
TLR. There are at least 11 TLRs in humans. They share the same 
structure, having three functional domains: an extracellular 
domain of leucine-rich repeat motifs that is believed to be involved 
in ligand binding; a transmembrane domain that determines if 
the receptor localizes in plasma membrane (TLR-1, 2, 4, 5, 6) or 
in intracellular membranes (TLR-3, 7, 8, 9); and an intracellular 
tail containing a conserved toll/interleukin-1 receptor (TIR) 
domain that allows signal transduction.*” After ligand binding, 
TLRs dimerize creating a TIR-TIR complex that recruits adaptor 
proteins, such as MyD88 (adaptor for all except TLR3) and TRIF 
(adaptor for TLR3 and 4). This pathway leads to activation of 
mitogen-activated protein kinases and transcription factors such 
as NF-«B, AP-1 (via JNK), and interferon-responsive factors.” 
Each TLR binds to specific ligands, for example: 

e TLR-4 responds to LPS and HMGB1. 

e TLR-2 responds to peptidoglycan and zymosan among other 
products derived from bacteria, fungi, parasites, and viruses. 

e TLR-5 responds to flagellin, a component of bacteria 
flagella. 

e TLR-9 recognizes bacterial DNA (unmethylated 2’-deoxyribo- 
cytidine/phosphate/guanosine, CpG-DNA motifs) but can 
also be activated from DNA derived from apoptotic mam- 
malian cells.““°“”* 

Of note, TLR-4 does not bind directly to LPS, but requires 
co-receptors CD14 and MD-2. TLR-4 is expressed by Kupffer 
cells, HSCs, and hepatocytes; TLR-2 and TLR-9 is expressed 
by Kupffer cells and HSCs; and TLR-5 by dendritic antigen- 
presenting cells in the small intestine.*”° LPS induces a proinflam- 
matory phenotype in Kupffer cells and promotes fibrogenesis by 
activating Kupffer cell secretion of profibrogenic factors (platelet- 
derived growth factor [PDGF], metalloproteinases, and TGF-B), 
and by directly acting on HSCs to repress production of the 
TGF-B pseudoreceptor BAMBI.*” Saturated FAs also activate 
TLR-4 and TLR-2.“°“* It has been widely reported that the 
ability of FAs to promote obesity and the metabolic syndrome 
depends on TLR-4 activation.“ There is also substantial 
evidence for the role of TLR-4 in the pathogenesis of NASH, with 
various animal models corroborating the importance of TLR-4 
activation for the development of hepatic steatosis, inflammation, 
and fibrosis. “7414884142 In human NASH, there is an increase 
in circulating TLR-2- and TLR-4-positive cells.“ Furthermore, 
NAFLD has been associated with genetic variants in TLR-4.” 
The role of TLR-2 is more controversial because TLR-2 activation 
promotes NASH and fibrosis in the high-fat diet and choline- 
deficient L-amino acid—restricted models, but protects against 
NASH in the methionine-choline-deficient diet model. 4° 
The different results may reflect differences in the microbiota 
induced by different diets.“ There is some evidence suggest- 
ing that TLR-9 plays a role in the development of NASH,” 
but controversy regarding the significance of TLR-5. One group 
reported that mice deficient in TLR-5 exhibit a gut dysbiosis that 
induces obesity, metabolic syndrome, and NAFLD.” However, 
those results were not reproduced in animals from different 
colonies.’ 


Other types of pattern-recognition receptors include NOD- 
like receptors (NLRs). NLRs activate the inflammasome.”” The 
inflammasome (Fig. 25-7) is a multiprotein complex localized in 
the cytosol that promotes activation of caspase-1 and triggers 
inflammatory responses. Two signals are required activate the 
inflammasome: the first signal (from TLRs or other receptors) 
leads to NF-«B-dependent transcriptional up-regulation of pro- 
IL-1B and pro-IL-18; the second signal (initiated by NLRs in 
response to microparticles, ATP, ROS, and other ligands) leads to 
the assembly of a inflammasome activation complex between 
NLRs, procaspase-1, and apoptosis-associated specklike CARD 
domain—containing protein. The active inflammasome cleaves 
procaspase-1 to generate the active mature form of caspase-1. 
Mature caspase-1, in turn, cleaves pro-IL-1 and pro-IL-18 to 
generate the active proinflammatory forms of these cytokines, and 
cleaves IL-33 (a cytokine that drives antiinflammatory Th2 
responses) to inactivate it.“”°’? Thus inflammasome activation 
promotes production of proinflammatory cytokines while sup- 
pressing production of antiinflammatory cytokines. Animal 
models of NASH demonstrate a pivotal role for the inflamma- 
some (particularly NLRP3)”*°*”’ and IL-1 signaling in NASH 
pathogenesis, 2499503508511 

IL-1B signaling promotes hepatocyte steatosis and sensitizes 
hepatocytes to TNF-a-induced cell death." It is also pro- 
fibrogenic, increasing Kupffer cell production of paracrine factors 
that activate HSCs and directly stimulating HSC collagen pro- 
duction while down-regulating BAMBI.*” 

In summary, obesity creates a perfect scenario for inflamma- 
tory mediators to act on the liver and promote NASH. The 
obesity-related proinflammatory signals that arrive in the liver 
from the adipose tissue and disturbed gut microbiota turn on the 
hepatic innate immune system and initiate an inflammatory 
response in situ. This injures liver cells and drives them to ring 
the host-defense alarm, releasing cues that potentiate further 
inflammation. Exuberant inflammatory responses, in turn, 
promote liver injury and enhance fibrogenic responses, worsening 
net liver damage. 


Dysbiota: The Unwanted Guests 


The gut harbors approximately 1.5 kg of microorganisms that 
live synergistically with their host.’'? Obesity and the metabolic 
syndrome alter the composition and function of gut microbiota, 
thereby causing a dysbiosis of the gut flora. The first clue of the 
importance of gut microbiota in controlling body weight and 
whole-body metabolism came from experiments on germ-free 
mice, which showed that germ-free mice were resistant to genetic 
and diet-induced obesity.’'*”'” Interestingly, the capacity for diet- 
induced adiposity could be rescued by transferring fecal flora 
from normal mice to the germ-free mice during adulthood.’ 
The second breakthrough was the discovery that obesity is associ- 
ated with a specific gut microbiome. Germ-free mice submitted 
to cecal microbiome transplantation from an obese donor gained 
more weight than germ-free mice that received cecal microbiome 
from a lean donor.’'®*'’ A more recent human study confirmed 
the importance of gut dysbiosis in obesity-related pathology by 
showing that transfer of intestinal microbiota from lean donors to 
recipients with the metabolic syndrome improved insulin sensitiv- 
ity, whereas autologous microbiome transfer did not.’ Obesity is 
associated with a specific microbiota that demonstrates decreased 
microbial diversity in general, a reduced proportion of bacteria 
from the phylum Bacterioidetes, and a relative enrichment of 
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e Fig. 25-7 Inflammasome pathway. The inflammasome needs two signals to be active. The first signal 
originates from the activation of TLR or other receptors leading to NF-«B-dependent transcriptional 
up-regulation of pro-IL-1B and pro-IL-18. The second signal, mediated by NLR in response to crystals, 
ATP, ROS, among other ligands, leads to the assembly of a complex between NLRs, procaspase-1, and 
ASCs. The active inflammasome cleaves caspase-1 in its active form. Caspase-1, in turn, cleaves pro-IL-1 
and pro-IL-18 in their active form, and IL-33. ASC, Apoptosis-associated specklike CARD domain con- 
taining protein; /L, interleukin; NLR, NOD-like receptor; NF-«B, nuclear factor kappa B; TLR, toll-like 


receptor. 


Firmicutes.”'’°*? Gut microbiota have been shown to modulate 

body weight by promoting’: 

1. increased efficiency of energy extraction from dietary sources 
via breakdown of indigestible carbohydrates into short-chain 
FAs that can be absorbed to account for up to 10% of daily 
caloric consumption” and increased absorption of monosac- 
charides that activate ChREBP to promote lipogenesis” 

2. gut inflammation via stimulation of mucosal blood flow and 
hence, nutrient absorption” 

3. decreased secretion of the lipoprotein lipase inhibitor, Fiaf (also 
called angiopoietin-like factor IV), thus enhancing uptake of FA 
by adipocytes and adipose tissue expansion’? 

4, inhibition of GLP-1, an anorexigenic peptide 

5. modification of conjugated bile acids, thereby influencing bile 
acid-mediated emulsification of dietary fats” 

Interestingly, consuming a high-fat, high-sugar diet can shift the 

microbiota to a profile similar to the one described in obesity. 5°” 


516 


526 


NAFLD and NASH have also been associated with bacterial 
overgrowth and alterations of the gut microbial composition. 
Although results are not consistent, the microbiome of NAFLD 
seems to be similar to the obesity-associated microbiome, albeit 
with even more pronounced differences when compared with 
the microbiota of lean-subjects.”™* "° A recent interesting study 
showed that mice with genetic deficiency of the inflammasome in 
the gut had perturbed gut-innate immunity and an abnormal gut 
microbiome. When those mice were fed a NASH-inducing diet, 
they developed worse liver damage than wild-type mice that were 
fed the same diet. Wild-type mice that were cohoused with the 
NASH-susceptible strain became more sensitive to diet-induced 
NASH. This susceptibility to NASH was eliminated by antibiotic 
treatment, suggesting that vulnerability to diet-induced NASH 
was transmitted via the gut microbiota.” There are various mech- 
anisms that might explain how an altered gut microbiota could 
promote NASH. Possibilities include microbiome actions on 
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whole-body metabolism/energy homeostasis, increased generation 
of potentially hepatotoxic bacterial products, such as LPS and 
ethanol,“ and modulation of choline metabolism. Some bac- 
teria metabolize dietary choline via a process that depletes dietary 
choline while generating toxic metabolites that might promote 
NAFLD/NASH.“”? Gut microbiota also modify the pool of bile 
acids. Obesity associated-microbiota promote accumulation of 
deoxycholic acid, a toxic bile acid that induces hepatocyte 
apoptosis”? and promotes HSC senescence, thereby enhancing 
signaling pathways that promote hepatocarcinogenesis.”*’ 

In summary, a high-fat diet and obesity modify the host micro- 
biota. The resultant dysbiosis exacerbates obesity and promotes 
obesity-associated liver disease (NAFLD/NASH). Strategies that 
improve this dysbiosis, such as antibiotics and probiotics, show 
promising effects in animal models of NAFLD/NASH.“*>” 
Studies evaluating the role of probiotics in human NASH are 
small and heterogeneous regarding the probiotic mixtures used. 
Most importantly, there is little data from paired pretreatment 
and posttreatment biopsies, making it difficult to determine if or 
how the intervention changed liver histology. This lack of evi- 
dence precludes use of antibiotics, probiotics, and/or fecal micro- 
biome transfer to treat NAFLD/NASH in routine clinical 
practice.” 358 


Cell Death: A Cry for Help 


A sine qua non condition for the diagnosis of NASH is the pres- 
ence of hepatocellular injury (typically manifested as ballooning 
of perivenular hepatocytes) and/or evidence of cell death.’ Several 
toxic processes already described, such as direct lipotoxicity, oxida- 
tive stress, ER stress, and immune cell attack on hepatocytes, cause 
cell injury that leads to cell death in NASH. The cell death can 
occur from apoptosis, necrosis, or necroptosis.””” 

Apoptosis is a form of programmed cell death, in which an 
unhealthy cell commits suicide in a controlled way to avoid a 
massive leak of cellular contents that would cause injury in the 
surrounding tissue and induceastrong inflammatory response.” 
Apoptosis can be initiated by external cues (e.g., TNF-, Fas 
ligand, TNF-related apoptosis-inducing ligand [TRAIL]). These 
extrinsic factors bind to death receptors that promote activation 
of the initiator caspase, caspase-8. Internal cues (e.g., ER stress, 
oxidative stress, and DNA damage) stimulate apoptosis by causing 
mitochondrial outer membrane permeabilization (MOMP), 
release of cytochrome c, and activation of the initiator caspase, 
caspase-9. Both pathways end in the activation of effector cas- 
pases, caspases-3/7.* Animal models of NASH show activation 
of both intrinsic and extrinsic apoptosis pathways.’ Mice defi- 
cient in the TRAIL receptor or caspase-3 are protected from 
diet-induced NASH.”**”™ The effect of caspase-8 deletion depends 
on the cell type targeted: deletion in mature hepatocytes protects 
from NASH,” whereas deletion in more immature cells worsens 
it. More recently, caspase-2 has been shown to play a role in 
the development of NAFLD and NASH. Capase-2 is activated 
upstream of MOMP in response to internal cues such as accumu- 
lation of saturated FA. Deleting casase-2 protects mice from diet- 
induced NAFLD/NASH.”” Human studies also corroborate the 
role of apoptosis in NASH.*!°° 

Apoptosis is a strong driving force for hepatic fibrogenesis in 
NASH. Animals with inherently increased, or inhibited, apopto- 
sis respectively develop more, or less, fibrosis when fed NASH- 
inducing diets, ?®96?65367:570-572 Similarly, treating wild-type 
mice inhibitors of apoptosis prevents/improves fibrosis related 


to NASH.’ Apoptosis promotes fibrogenesis through 
several mechanisms: HSC that engulf apoptotic bodies become 
fibrogenic’”*””*; Kupffer cells that phagocytize apoptotic bodies 
increase their secretion of paracrine proinflammatory and profi- 
brogenic mediators that act on HSC”; cells undergoing apop- 
tosis also passively release DAMPs and actively generate soluble 
factors (e.g., hedgehog ligands, PDGF, and IL-33) that elicit 
repair responses that include activation of HSC.”””**”*! 

Liver cells also die by necrosis during NASH. Necrosis refers 
to nonprogrammed cell death that occurs after overwhelming cell 
injury with ATP depletion. Necrosis results in rapid cellular swell- 
ing, disruption of organelles and the plasma membrane, and 
massive release of cellular contents. Hence, necrosis induces a 
strong inflammatory response.”””*' More recently, a new form of 
cell death has been described, necroptosis. Necroptosis is a pro- 
grammed necrosis that uses the machinery of apoptosis, but cul- 
minates in cell swelling and content leak.” After activation of 
death receptors, the activity of two kinases: receptor-interacting 
protein 1 (RIP1) and RIP3, determines whether apoptosis or 
necroptosis will ensue. If caspase-8 is active, it cleaves/inactivates 
RIP1 and RIP3, and this permits apoptosis to proceed. If caspase-8 
is inactive, RIP1 and RIP3 are not cleaved and assemble to form 
a complex (dubbed the necrosome) that initiates necroptosis. An 
interesting study showed evidence of increased necroptosis 
(up-regulation of RIP3) in human NASH and in the methionine- 
choline deficient diet murine model of NASH. Abrogation of 
necroptosis through RIP3 ablation protected mice from NASH 
and fibrosis.” 

In summary, lipotoxic injury in the liver leads to epithelial cell 
death that occurs via different processes, including relatively con- 
trolled cell death via apoptosis, uncontrolled death via necrosis, 
or a necrosis-like controlled form of death, necroptosis. Chronic 
cell death is a turning point in the pathogenesis of NASH because 
it sounds the alarm that initiates various regenerative (i.e., wound- 
healing) responses. These reparative responses are necessary for the 
liver to recover from injury, but must be appropriately orches- 
trated because deregulated repair responses perpetuate liver 
damage. For example, dying cells send messages to HSC that 
promote matrix remodeling to confine the insult, however, pro- 
gressive fibrosis results if these signals are sustained. The immune 
system is also activated transiently to remove dead cells, but overly 
active immune responses worsen inflammation/tissue injury and 
fibrogenesis. Lastly, the progenitor cells that are recruited to 
replace dead cells can release proinflammatory and profibrogenic 
signals that worsen injury. When progenitor maturation stalls, the 
pool of undifferentiated liver epithelial cells expands excessively 
(histologically illustrated by ductular reaction), and this may 
perpetuate liver injury’ while increasing the risk for hepatocel- 
lular carcinoma’****° (Fig. 25-8). 


Fibrogenesis: To Heal or to Scar 


Fibrosis progression and cirrhosis are a consequence of defective 
regeneration/repair. Chronic liver injury elicits a wound-healing 
response that cannot keep pace with cell death and, thus, cannot 
be turned off due to the sustained nature of the noxious stimu- 
lus.’ Fibrogenesis consists of the deposition of excessive abnor- 
mal extracellular matrix enriched in collagen, fibronectin and 
diverse glycosaminoglycans (i.e., scar). Scarring changes the 
normal tissue architecture, ultimately leading to cirrhosis. The 
main cell type that produces extracellular matrix during chronic 
liver injury is the myofibroblast. Myofibroblasts are scarce in the 
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e Fig. 25-8 The liver responds to hepatocyte death with a wound-healing response. Energy surplus 
leads to fat accumulation in the hepatocytes, which promote oxidative stress, endoplasmic reticulum (ER) 
stress and cell death. The injury of hepatocytes is promoted by an inflammatory state, among other 
factors, favored by a deregulated gut microbiota and an increase in lipopolysaccharide (LPS). Injured and 
dying hepatocytes release damage-associated molecular patterns (DAMPs) and morphogens (e.g., 
hedgehog and Wnt) that act on the immune system increasing inflammation in stellate cells and progeni- 
tors cells, activating them, and inducing fibrogenesis and pathways of hepatocarcinogenesis. Once 
started, the regenerative/repair response perpetuates through cross-talk between the different cell types 
involved. CTGF, Connective tissue growth factor; HSC, hepatic stellate cell; NKT, natural killer T cells; 


PDGF, platelet-derived growth factor. 


normal liver but accumulate in chronically injured livers. The 
myofibroblasts that accumulate during NASH mainly derive from 
the transdifferentiation of quiescent HSCs, liver-resident pericytes 
that line the perisinusoidal space of Disse.’™” Other sources of 
myofibroblasts are portal fibroblasts, circulating fibrocytes, and 
bone-marrow derived cells. 

HSCs are activated to become proliferative and myofibroblas- 
tic (i.e., fibrogenic) by various factors, including profibrogenic 
cytokines (e.g., TGF-B,”° PDGR”’’” CTGR”** IL-13,°”? 
and osteopontin””””); morphogens (e.g., hedgehog“ and 
Wnt), adipokines (e.g., leptin?” and resistin”), and vaso- 
active substances (e.g., thrombin,” angiotensin II,°*° and 
endothelin-1°?!'°) (Table 25-2). 

The fibrogenic factor most studied in NAFLD is hedgehog. 
Hedgehog is a morphogen that regulates tissue patterning during 
development. In healthy adult livers, hedgehog ligand is barely 
detectable. However, it is consistently up-regulated in all forms of 
liver injury, including NASH.°"' Several cell types can produce 
hedgehog ligands in NAFLD. Injured and ballooned hepatocytes 
are a major source of hedgehog ligands in NAFLD.*® "2 The 


expression of hedgehog by ballooned hepatocytes positively cor- 
relates with the severity of fibrosis.°'” Other sources of hedgehog 
ligands are reactive ductular cells, immune cells (e.g., Kupffer cells 
and NKT cells), and HSCs themselves.“ Many cells in injured 
livers are hedgehog-responsive (i.e., able to activate intracellular 
signaling in response to hedgehog ligands via autocrine and/or 
paracrine mechanisms). For example, hedgehog signaling stimu- 
lates ductular/progenitor cells to proliferate and secrete proinflam- 
matory and profibrogenic cytokines.“ Immune cells, such as 
NKT cells, exhibit enhanced viability and produce fibrogenic 
factors (e.g., IL-13 and osteopontin) in response to hedgehog 
ligands. Hedgehog signaling promotes M-2 polarization 
of macrophages/Kupffer cells, further enhancing local production 
of fibrogenic factors and inducing a state of relative immunologic 
tolerance in the liver. Hedgehog’s effects on sinusoidal endothelial 
cells stimulate vascular remodeling and sinusoidal capillariza- 
tion.’ HSCs respond to hedgehog by becoming more viable, 
proliferative, and myofibroblastic.”*°°”*'’ Hence, hedgehog acts 
as a maestro, orchestrating various wound-healing responses that 
are triggered by liver injury, and which are necessary for injured 
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Fibrogenic Pathways in Nonalcoholic Fatty Liver Disease 


TGF-B e Kupffer cells Increased mRNA expression in livers of human NASH.°*! 
e Hepatocytes Increased serum levels in patients with NASH, correlate with fibrosis in some, but not all 
e Cholangiocytes studies.°°? 
e Hepatic stellate cells Pharmacological inhibition decreases myofibroblast activation, in mouse models of NASH.°*° 
Hedgehog (Hh) e Injured hepatocytes Hh ligands and Hh-responsive cells increase in NASH and correlate with fibrosis stage in mice 
e Progenitors and humans.°°7°" 
e Cholangiocytes Genetic overactivation of the Hh pathway promotes fibrosis in NASH mouse models.°° 
e Hepatic stellate cells Pharmacologic inhibition of Hh improves fibrosis in NASH mouse models.°'® 
e Kupffer cells 
e NKT cells 
Wnt e Hepatocytes Increased liver mRNA expression of components of Wnt pathway in patients with severe vs. 
e Endothelial cells mild NASH.®” 
e Kupffer cells 
e Cholangiocytes 
e Hepatic stellate cells 
Leptin Receptor: Leptin deficiency promotes hepatic steatosis, but confers resistance to fibrosis in animal 
e Hepatocytes models of NASH.‘ 
e Hepatic stellate cells Leptin serum levels correlate with liver fibrosis in most, but not all human studies. '%°'°°'21% 
e Kupffer cells 
e Endothelial cells 
Resistin e Adipocytes Increased serum levels in patients with NASH, correlate with fibrosis in some, but not all 
e Kupffer cells studies, 17°18 188.198 
PDGF e Cholangiocytes Increased liver mRNA expression in patients with severe vs. mild NASH.” 
e Platelets 
e Kupffer cells 
CTGF e Cholangiocytes Increased liver mRNA expression in human NASH.®” 
e Hepatic stellate cells Increased serum levels in human NAFLD, correlates with fibrosis stage.°*° 
IL-13 e NKT cells NASH patients, but not patients with simple steatosis, have increased hepatic stellate cell 
e Kupffer cells expression of high-affinity IL-13 receptor (IL13R@2).® 
Treatment with IL13R-directed cytotoxin decreases fibrosis and injury in a rat model of NASH.®” 
Osteopontin e Cholangiocytes Mice deficient in osteopontin are protected from liver injury in dietary models of NASH.°°”°"° 
e Kupffer cells Increased serum levels in patients with NASH, correlate with fibrosis in some, but not all 
e NKT cells studies. ‘®®®* 
e Hepatic stellate cells 
FXR e Hepatocytes Liver FXR expression decreases in human NASH and inversely correlates with NAS score.°? 
e Cholangiocytes Treatment with FXR agonist improves histology in a mouse model of NASH.°? 
e Hepatic stellate cells Treatment of NASH patients with FXR agonist improves liver histology, including fibrosis.*'° 
Angiotensin II Receptor: Treatment with angiotensin II antagonists consistently associated with decreased fibrosis 


Endothelial cells 
Kupffer cells 
Hepatic stellate cells 


progression in different animal models of NASH.°** °° 


CTGF, Connective tissue growth factor; FXR, farsenoid X receptor; Hh, hedgehog; IL-13, interleukin-13; NAFLD, nonalcoholic fatty liver disease; NASH, nonalcoholic steatohepatitis; PDGF, platelet-derived 
growth factor; 7GF-B, transforming growth factor-B. 


livers to regenerate. However, hedgehog itself must be tightly 
controlled, because left unchecked, the responses it regulates 
become the major pathologic processes that drive progression to 
liver cirrhosis and hepatocellular carcinoma. Consistent with these 
concepts, strategies that improve lipotoxicity decrease hedgeho 

activation in NASH patients and in animal models of NASH.*””°"® 
Furthermore, animal studies show that inhibiting excessive hedge- 
hog pathway activity during chronic liver injury improves steato- 
hepatitis and fibrosis.°”” The aggregate findings suggest that having 


an inherently overactive hedgehog pathway, or a decreased ability 
to turn off hedgehog signaling when injury subsides, may explain 
why some NAFLD patients are more likely to develop progressive 
fibrosis/cirrhosis than others. If future research validates this 
concept, it is conceivable that cirrhosis susceptibility might also 
be impacted by inherent deregulation of other wound-healing/ 
regenerative pathways. Indeed, a recent report showed that sus- 
ceptibility to cirrhosis in rodent models is heritable and epigeneti- 
cally regulated.°”° 
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Specific Diseases 


Conclusion 


Nonalcoholic fatty liver disease (NAFLD) is the hepatic manifes- 
tation of a systemic disease that results from the inability of the 
adipose tissue to manage energy surplus. The sick adipose tissue 
promotes a systemic inflammatory response that constrains adi- 
pocyte accumulation of fat while promoting fat deposition in 
other organs, including the liver. Lipid accumulation in hepato- 
cytes causes hepatic steatosis (NAFLD). Certain types of excessive 
fat are lipotoxic to the liver. In combination with other insults, 
such as cytokine/adipokine-mediated injury, microbiota-derived 
substances, lipotoxicity induces hepatocyte injury and death. 
Nonalcoholic steatohepatitis (NASH) reflects the accumulation 
of dying hepatocytes and the expansion of cell populations 
involved in wound-healing responses. NASH results when lipo- 
toxic insults to the liver become chronic, necessitating chronic 
reparative responses that may include fibrogenesis. Fibrosis 
becomes progressive when repair responses persist even after 


injury has resolved, or when repair responses cannot be shut down 
because of ongoing injury.” The fact that liver fibrosis severity is 
the only independent predictor of liver failure (i.e., death from 
liver disease or need for liver transplantation) in patients with 
NASH®"®? proves that repair is the main determinant of liver 
outcomes in NAFLD. Although the toxic insult is specific for each 
type of liver disease, the regenerative/repair response is monoto- 
nous in chronic liver disease.“ Heritable and individual differ- 
ences in the regulation of that regenerative response may explain 
why only 10% to 20% of patients with NASH develop progres- 
sive fibrosis,” and why that percentage is relatively conserved 
across many different types of liver diseases.“ Understanding 
the mechanisms that promote wound-healing responses, and the 
processes that halt those responses, will help us find therapeutic 
strategies to manage patients with NASH and new approaches to 
identify patients at risk of developing progressive liver disease so 
that preventative interventions can be implemented before liver 
damage becomes advanced. 


SUMMARY 


Recent Progress 

e in its primary form, nonalcoholic fatty liver disease (NAFLD) is the 
hepatic manifestation of energy surplus—induced adiposopathy. 

e Whereas isolated steatosis tends to be a nonprogressive condition, 
lipotoxicity may induce liver injury, nonalcoholic steatohepatitis (NASH), 
which has the potential to progress to liver fibrosis and cirrhosis. 

e Different lipids have different potential to induce lipotoxicity. In the 
Clinical set, physicians only quantify the accumulation of liver 
triglycerides, which may in fact translate a defensive mechanism to 
cope with energy surplus, buffering toxic lipids to lipid droplets enriched 
with inert triglycerides. 

e Lipotoxicity can injure the liver through several processes, such as 
oxidative stress, ER stress, perturbed autophagy, sterile inflammation, 
and deregulation of cell death pathways. 

e In the pathogenesis of NAFLD/NASH, it has been recently recognized the 
importance of the axis gut (and diet-induced dysbiota), adipose tissue, 
and the liver. 

e Progression to fibrosis and cirrhosis depends on the individual ability to 
respond to liver injury with effective regeneration or with an impaired 
wound-healing response leading to scarring. 


Key Knowledge Gaps 
e ven though much has been deciphered in the last years about the 
potential for lipotoxicity from different lipids, physicians still do not have 
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an easy tool to evaluate the differential accumulation of known toxic 
lipids in the liver, such as fatty acids (particularly saturated ones), free 
cholesterol, and ceramides. Therapeutic goals, in the future, may switch 
from decreasing hepatic steatosis, to shifting lipid content from toxic 
lipids to inert triglycerides. 

e itis still not understood whether accumulation of inert triglycerides in the 
liver is a marker of global metabolic and cardiovascular health or if it is 
by itself metabolically detrimental, warranting therapeutic intervention. 

e Advanced fibrosis and cirrhosis is the ultimate consequence of a 
deregulated wound-healing response skewed to scarring. Better 
understanding the regulation of the wound-healing response will help us 
predict earlier and more accurately which patients are at risk of 
progressive liver disease. 

e Even though gut microbiota, and particularly dysbiota, is believed to be a 
key element in the pathogenesis of obesity-related NAFLD/NASH, 
tremendous gaps in knowledge preclude us from achieving effective 
therapeutic strategies to modulate the gut microbiota. 

e The therapeutic portfolio in NAFLD is still extremely ineffective. It mainly 
focuses on interventions in the liver insult, with particular emphasis in 
difficult-to-achieve lifestyle interventions. The future may rely in 
interventions in the deregulated wound-healing response, possibly with 
transversal effects in all types of chronic liver disease. 


The complete reference list is available at www.expertconsult.com. 
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ABBREVIATIONS 


ALT alanine aminotransferase 

AST aspartate aminotransferase 

BMI body mass index 

CRN Clinical Research Network 

CT computed tomography 

ER endoplasmic reticulum 

GGT y-glutamyl transferase 

HCC hepatocellular carcinoma 

IL-6 interleukin-6 

IR insulin resistance 

KLF6 Krippel-like factor-6 

MRI magnetic resonance imaging 
NAFL nonalcoholic fatty liver 

NAFLD nonalcoholic fatty liver disease 
NAS NAFLD activity score 

NASH nonalcoholic steatohepatitis 
OSA obstructive sleep apnea 

PPAR peroxisome proliferator-activated receptor 
T2DM type 2 diabetes mellitus 

TGF-B transforming growth factor-B 
TIMP tissue inhibitor of metalloproteinase 
TNF-a tumor necrosis factor-a 

TLR toll-like receptor 


Introduction 


Nonalcoholic fatty liver disease (NAFLD) is the most frequent 
cause of persistently elevated levels of liver enzymes in North 
America and Europe and has rapidly become a common cause 
of end-stage liver disease. As its name suggests, NAFLD occurs 
in the absence of excessive alcohol consumption: an arbitrary 
threshold of 20 g/day for women and 30 g/day for men is adopted 
to discriminate it from alcohol-related liver disease. NAFLD is 
characterized by excessive hepatic lipid accumulation and is clas- 
sically associated with central obesity, insulin resistance (IR)/Type 


2 diabetes mellitus (T2DM), hypertension, and dyslipidemia, a 
group of chronic conditions indicative of increased cardiovascular 
risk that together constitute metabolic syndrome (Table 26-1).' 
NAELD is increasingly recognized as a leading cause of end-stage 
liver disease that is overtaking alcohol consumption as an underly- 
ing reason for liver transplant. Data from the U.S. United Network 
for Organ Sharing database indicate that the number of adults 
with NAFLD awaiting liver transplant has almost tripled since 
2004.” In addition, the presence of NAFLD is an independent 
risk factor for the development of cardiovascular disease and 
stroke. | 

NAFLD encompasses a spectrum of liver disease that com- 
prises two main disease states (Fig. 26-1): nonalcoholic fatty liver 
(NAFL; steatosis), where hepatocellular triglyceride accumulation 
exceeds 5%; and nonalcoholic steatohepatitis (NASH), where 
steatosis is accompanied by hepatic inflammation. These states 
may progress to hepatic fibrosis, cirrhosis, and in some cases 
hepatocellular carcinoma (HCC). Because of sedentary lifestyles 
and the increasing consumption of diets enriched in fats and 
carbohydrates, obesity has become endemic in many developed 
countries, and so the incidence of NAFLD has risen rapidly, 
resulting in NAFLD becoming a leading cause of chronic liver 
disease. Although NAFLD is generally considered a disease of 
affluent modernity, the first recorded use of the term fatty liver in 
the English medical literature occurred in 1836 and is attributed 
to Thomas Addison from Newcastle upon Tyne, England,’ a phy- 
sician now more widely remembered for the eponymously named 
Addison disease. It is likely that this first description may have been 
of alcohol-related liver disease rather than NAFLD; however, an 
association between fatty liver, diabetes, and obesity was estab- 
lished later in the 1880s, and the etiologic link between fatty liver 
disease in diabetics and cirrhosis was reported by Connor“ in 
1938. More recently, the term nonalcoholic steatohepatitis (NASH) 
was coined by Ludwig in 1980 while he was describing the char- 
acteristic histologic features of liver injury that occur in some 
patients with chronic, progressive fatty liver disease.” The more 
commonly used terms that may be encountered in the published 
literature are summarized in Table 26-2. 

The epidemiology, natural history, and clinical evaluation of 
NAFLD are discussed in this chapter. 
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Epidemiology 


Prevalence 


The true worldwide prevalence of NAFLD is not known as esti- 
mates differ between the populations studied because of different 
ethnicities, different dietary patterns, and the different sensitivi- 
ties of the modalities used to detect the disease. One of the 
most accurate noninvasive techniques to quantify hepatic lipid 
accumulation is proton magnetic resonance spectroscopy ('H- 
MRS), with NAFLD being defined as an intrahepatic triglyceride 
content greater than 5.56%. Sampling 2349 U.S. adults from the 
North American general population using this 'H-MRS criterion, 
the Dallas Heart Study found NAFLD present in approximately 
31% of individuals across ethnicities (45% of Hispanics, 33% of 
whites, 24% of blacks).°” This was slightly higher than the level 
found in a recent meta-analysis incorporating more than 8.5 
million individuals from 45 different international studies, which 
estimated that NAFLD affects approximately 25% of the world’s 
adult population. In the meta-analysis, prevalence differed by 
continent but was broadly similar in the United States and Europe 
(24.1% and 23.7%, respectively), with higher levels reported in 
the Middle East, South America, and Asia (31.8%, 31.5%, and 
27.4%, respectively) and a lower level reported in Africa (13.5%). 
Studies also indicate that the prevalence of NAFLD differs signifi- 
cantly with sex (42% for white males vs. 24% for white females). 


WAE International Diabetes Federation (2005) 
rail Diagnostic Criteria for Metabolic Syndrome 


Abdominal obesity. Waist circumference >94 cm for males and 
>80 cm for females is applicable to Europids, sub-Saharan Africans 
and Middle Easterners. Alternative values are available for other 
ethnic groups. In the United States, the higher Adult Treatment Panel 
lll values of >102 cm for males and >88 cm for females remain in 
common use 


Plus two or more of the following criteria: 

1. Blood glucose =100 mg/dL (5.6 mmol/L) or treated for diabetes 

2. Arterial pressure >130/85 mm Hg or drug treated 

3. Triglyceride levels >150 mg/dL (1.7 mmol/L) or drug treated 

4. HDL cholesterol levels <40 mg/dL (1.03 mmol/L) for males, 
<50 mg/dL (1.29 mmol/L) for females or drug treated 


NAFL 


Estimates of NASH prevalence are harder to establish as they 
require liver biopsy and so may be subject to greater selection and 
ascertainment bias. On the basis of histologic study of apparently 
healthy prospective living liver donors, the prevalence of NASH 
has been estimated to be 3% to 16%”'° and 6% to 15%% +? 
in the European and the U.S. populations, respectively. In the 
meta-analysis described above, 7% to 30% of histologically char- 
acterized NAFLD patients without a clear indication for liver 
biopsy were found to have NASH, equating to an overall global 
prevalence of NASH of between 1.5% and 6.5%.* 


Terminology and Definitions 


Nonalcoholic fatty Nonalcoholic fatty liver disease indicates the 


liver disease presence of excessive fat accumulation in the 
liver in the absence of excessive alcohol 
consumption. Defined as fat accumulation >5% 
of liver. This overarching diagnosis is 
subdivided into two states: nonalcoholic fatty 


liver and nonalcoholic steatohepatitis 


Nonalcoholic fatty Hepatic fat accumulation >5% without histologic 


liver; simple evidence of inflammation, cellular injury, or 
steatosis fibrosis. 

Nonalcoholic Hepatic fat accumulation >5% plus histologic 
steatohepatitis; features of necroinflammation and hepatocyte 
steatohepatitis ballooning degeneration (with or without 

evidence of fibrosis). 

Primary Indicates classic nonalcoholic fatty liver disease 
nonalcoholic associated with obesity, insulin resistance, and 
fatty liver features of metabolic syndrome. This 
disease represents the great majority of nonalcoholic 

fatty liver disease encountered in routine 
clinical practice. Term seldom used 

Secondary May be used to describe causes of nonalcoholic 
nonalcoholic fatty liver disease other than the classic 
fatty liver metabolic syndrome-related form of the 
disease disease. For example, drug- or toxin-related 


fatty liver and rare inherited metabolic 
disorders 


Cirrhosis 


e Fig. 26-1 Key stages of the nonalcoholic fatty liver disease spectrum. Nonalcoholic fatty liver disease 
(NAFLD) is a spectrum of liver disease. This includes nonalcoholic fatty liver (NAFL; steatosis), where 
hepatocellular triglyceride accumulation exceeds 5%, and nonalcoholic steatohepatitis (NASH), where 
steatosis is accompanied by hepatic inflammation. Disease may progress to cirrhosis. 
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The prevalence of NAFLD increases dramatically when groups 
with known metabolic syndrome risk factors are considered. As 
an illustration of this, 91% of obese people (body mass index 
[BMI] 230 kg/m’), 67% of overweight individuals (BMI 25 kg/ 
m° to 30 kg/m’), and 25% of normal weight individuals in an 
unselected European population sample had NAFLD.'*"* In bar- 
iatric surgery cohorts the prevalence of NAFLD has been reported 
to be approximately 73% to 97%, with NASH present in 25% 
to 33% of cases.'”'® Between 40% and 70% of patients with 
T2DM have NAFLD.'*'”?° 

Whereas the prevalence of most liver diseases is stable, the 
prevalence of NAFLD is increasing, placing a greater burden on 
healthcare resources. 


Causes of and Conditions Associated With 
Nonalcoholic Fatty Liver Disease 


The overwhelming majority of NAFLD encountered in routine 
clinical practice occurs on a background of adiposity and is char- 
acterized by underlying IR as a pathophysiologic hallmark. Pooled 
data indicate that 43% of all patients with NAFLD (rising to 71% 
of all NASH patients) have multiple cardiovascular risk factors 
and so fulfill the diagnostic criteria for metabolic syndrome.® 

Among patients with NAFLD and NASH, the prevalence of 
T2DM is 23% and 44%, respectively, that of dyslipidemia is 69% 
and 72%, respectively, and that of hypertension is 39% and 68%, 
respectively." The relationship between NAFLD and T2DM is 
complex and bidirectional: NAFLD is an optimal biologic milieu 
in which T2DM can develop but, in addition, the presence of 
T2DM favors progression to NASH, cirrhosis, and HCC. Studies 
have consistently demonstrated that diabetes is associated with 
NASH and advanced fibrosis among patients with NAFLD. 
Because of the link between T2DM and progressive NAFLD, 
more careful surveillance of patients with T2DM may be 
indicated.' 

NAELD is also associated with a number of other conditions 
that may contribute to more aggressive disease progression. These 
include: 

e Polycystic ovary syndrome, a common endocrinopathy affect- 
ing 5% to 8% of premenopausal women and associated with 
increased IR. Several studies have shown an increased preva- 
lence of NAFLD in polycystic ovary syndrome, with a North 
American study reporting NAFLD in 55% of women with 
polycystic ovary syndrome, almost 40% of whom were not 
overweight.” 

e Obstructive sleep apnea (OSA), which affects approximately 
4% of the population; however, the prevalence rises to 35% to 
45% among obese patients. The occurrence of chronic inter- 
mittent hypoxia in patients with OSA is thought to contribute 
to liver injury and inflammation. Several studies have demon- 
strated an association between OSA and NAFLD, with recent 
evidence also indicating that OSA is an independent risk factor 
for advanced fibrosis.” 

e Small bowel bacterial overgrowth, which frequently occurs in 
patients with diabetes and is thought to increase the risk of 
disease progression because of increased hepatic exposure to 
bacterial endotoxin via the portal vein. 

As defined in Table 26-2, secondary hepatic steatosis and steato- 

hepatitis may be attributable to numerous acquired exposures as 

well as numerous rare monogenic inherited disorders; these are 

summarized in Table 26-3. 


TABLE z or 
Causes of Steatosis and Steatohepatitis 


Acquired Metabolic and/or Nutritional Disorders 

Metabolic syndrome (obesity, insulin resistance/type 2 diabetes 
mellitus)* 

Starvation and cachexia 

Protein malnutrition (Kwashiorkor, anorexia nervosa) 

Dietary choline deficiency 

Total parenteral nutrition 

Acute fatty liver of pregnancy 

HELLP syndrome 


Drugs 
Amiodarone 

Aspirin 

Chloroquine 

Corticosteroids 

Methotrexate 

NSAIDs (naproxen, ibuprofen, ketoprofen) 


Nucleoside analogues used in HAART (zidovudine, didanosine, 
zalcitabine, fialuridine, etc.) 


Estrogens 
Tamoxifen 
Tetracycline 
Valproic acid 


Toxins 

Amanita phalloides mushroom poisoning 
Bacillus cereus emetic toxin 

Carbon tetrachloride 

Ethanol 

Petrochemicals 

Toxic shock syndrome 

Heavy metals 


Rare Monogenic Diseases 
Abetalipoproteinemia 

Alpers disease 

Cholesterol ester storage disease 

Familial combined hyperlipidemia 

Familial hypobetalipoproteinemia 

Glycogen storage disease 

Inherited defects in fatty acid B-oxidation 
Lecithin-cholesterol acyltransferase deficiency 
Lipodystrophy 

Lysosomal acid lipase deficiency (Wolman disease) 
Ornithine transcarbamylase deficiency 

Wilson disease 


Infections and Immunological Conditions 
Chronic hepatitis C (genotype 3) 

Bacterial overgrowth following jejunoileal bypass 
Celiac disease 

Reye syndrome 


*This is the cause of classic primary nonalcoholic fatty liver disease. 
HAART, Highly active antiretroviral therapy. 
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Natural History of Nonalcoholic 
Fatty Liver Disease 


Obesity and IR are common in the general population, and so a 
substantial proportion of the population is at risk of progressive 
NAFLD. However, an important paradox exists: although most 
individuals who exhibit features of metabolic syndrome develop 
steatosis, explaining why NAFLD is highly prevalent in the 
general population, only a minority will progress to advanced liver 
disease characterized by hepatic fibrosis, cirrhosis, or HCC and 
experience liver-related morbidity (Fig. 26-2).' In practice, liver- 
related mortality occurs in less than 5% of patients with NAFLD, 
with liver disease being the third most common cause of death, 
after cardiovascular disease and extrahepatic malignancy.” 


Progression to Advanced Liver Fibrosis and 
Cirrhosis in Nonalcoholic Fatty Liver Disease 


There remains much uncertainty about the natural history and 
prognosis of NAFLD. However, in recent years data have emerged 
that provide new insights into disease progression and challenge 
the long-standing dogma that simple steatosis (NAFL) is a benign 
condition with little risk of clinical sequelae and that NASH is 
the only prognostically relevant form of disease. These data come 
from two types of study: 
e Serial liver biopsy studies, which examine histologic disease pro- 
gression in patients who have undergone multiple liver biopsies 


Dynamic NAFL/NASH phase 


over intervals of several years. These provide detailed informa- 
tion on how NAFL and NASH evolve and the rate at which 
fibrosis progresses. 

e Longitudinal follow-up studies, which report the clinical course 
of the disease by following well-defined patient cohorts and 
determine prognosis and risk of specific disease end points or 
clinically relevant outcomes such as transplant. 

With regard to the serial biopsy studies, a systematic review 

and meta-analysis of 11 small studies, together comprising 411 

patients with histologically characterized NAFLD (150 with ste- 

atosis, 261 with NASH) provided more than 2,145 person-years of 
follow-up. Demonstrating the dynamic nature of hepatic fibrosis 
in NAFLD, fibrosis during this time progressed in 34% of patients 
and remained stable in 43% of patients, and some regression of 
liver fibrosis was observed in the remaining 23% of patients.” In 
that meta-analysis, NAFL patients without evidence of fibrosis 

at the baseline exhibited a mean fibrosis progression rate of 0.07 

stages per annum. NASH patients exhibited more rapid fibrosis, 

progressing at 0.14 fibrosis stages per annum. This corresponds to 
an approximately one-stage increase in fibrosis every 14 years for 

NAFL and every 7 years for NASH. Importantly, irrespective of 

whether the index biopsy showed NAFL or NASH, approximately 

20% of patients exhibited rapid fibrosis progression, progressing 

from Stage 0 to Stage 3/4 (rapid progressors), whereas the remaining 

80% exhibited little or no fibrosis progression (slow progressors). A 

separate large single-center study corroborated these results.” In 

a cohort of 108 NAFLD patients undergoing repeat liver biopsy 

at a median interval of 6.6 years, 42% of patients had fibrosis 


Fibrotic phase 


Slow progressors 


Approximately 
TENN 


ie 
es 


Approximately 
5-6 yr 


I 
I 
I 
I 
I 
I 
I 
v 


) 
fi DrOSIS] 


(ciinei) 


Rapid progressors 


Death or transplantation 


e Fig. 26-2 The dynamic model of nonalcoholic fatty liver disease. In patients with nonalcoholic fatty 
liver disease (NAFLD), the liver parenchyma cycles between nonalcoholic fatty liver (NAFL) and nonalco- 
holic steatohepatitis (NASH) during the early dynamic phase of the disease. Of patients who develop 
some hepatic fibrosis, 80% exhibit only slow progression and are unlikely to progress beyond mild (FO to 
F2) fibrosis but approximately 20% exhibit rapid fibrosis progression and develop advanced fibrosis and 


cirrhosis (F3 to F4) within a few years. 
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progression, 40% had stable fibrosis, and 18% had fibrosis regres- 
sion. All those patients who exhibited progressive fibrosis had also 
developed NASH by the time of the follow-up biopsy, underlining 
the biological importance of steatohepatitis for disease progression. 
Importantly, when those patients with NAFL on baseline biopsy 
were compared with those with NASH, no significant difference in 
the proportion exhibiting fibrosis progression was observed (37% 
vs. 43%), once again demonstrating that the distinction between 
NAFL and NASH is of limited prognostic value. Providing a 
clinical indictor of more aggressive disease, the development of 
T2DM in the interval between biopsies was associated with pro- 
gressive fibrosis: 80% of NAFL patients who exhibited fibrosis 
progression had developed T2DM by the time of the follow-up 
liver biopsy compared with 25% of nonprogressors.”” 

Several large longitudinal cohort studies have monitored 
patients representing the full spectrum of NAFLD severity 
(including histologically confirmed NAFL, NASH, and all stages 
of fibrosis) at enrolment to determine disease outcomes, includ- 
ing liver transplant and death.”®” In comparison with a reference 
population sample, a cohort of 229 histologically characterized 
European NAFLD patients had a 29% increase in all-cause mor- 
tality over a mean 26-years follow-up equating to 5,400 person- 
years.” When specific end points were considered, the presence 
of NAFLD was associated with a modest 1.29-fold increased risk 
of cardiovascular disease, a 3.2-fold increased risk of cirrhosis, 
and a 6.5-fold increased risk of HCC.” However, on multivariate 
analysis the only histologic feature significantly associated with 
overall long-term mortality, cardiovascular disease, or cirrhosis was 
the presence of fibrosis. In the second study, based on a cohort of 
619 patients (7799 person-years), an increased long-term risk of 
transplant or liver-related death was evident even at the earliest 
stages of fibrosis and increased stepwise, with greater degrees of 
fibrosis portending a worse prognosis. °° Compared with individu- 
als without any fibrosis (Stage FO), patients exhibiting mild fibro- 
sis (Stages F1 and F2) at enrolment had an 11.2-fold increased 
risk of transplant or death, and the presence of advanced fibrosis/ 
cirrhosis (Stages F3 and F4) conferred an 85.8-fold increased risk 
over a median follow-up of 12.6 years.” These results again show 
that the long-term prognosis of patients with NAFLD is best 
guided by fibrosis stage (i.e., the presence of liver fibrosis) rather 
than whether the index biopsy showed NAFL or NASH. 

A number of other studies also indicate that the presence and 
severity of fibrosis on a liver biopsy is of greater value as a histologic 
determinant of long-term prognosis than the prognostic difference 
between NAFL and NASH, which is largely due to the greater 
likelihood of fibrosis being present in patients with NASH com- 
pared with patients with NAFL rather than any additional adverse 
effect due to steatohepatitis per se. In a study of 118 patients with 
biopsy-confirmed NAFLD followed up for a median of 21 years 
there was no difference in overall or liver-related mortality between 
those with NAFL and those with NASH (classified with the NASH 
Clinical Research Network [CRN] scoring system).”* In contrast, 
patients who died were more likely that survivors to exhibit any 
stage of fibrosis, and nonsurvivors in particular more frequently 
exhibited a fibrosis stage of F2 or greater. In a study of 209 NAFLD 
patients with a median follow-up of 12 years, the presence of 
NASH correlated only with liver-related mortality when fibrosis 
was included in its definition. When the individual histologic fea- 
tures were analyzed, only Stage F3/F4 was independently associated 
with liver-related mortality, with a 5.68-fold hazard ratio.” Studies 
showing that noninvasive scoring systems for the degree of fibro- 
sis in NAFLD, including the NAFLD fibrosis score, are capable 


of predicting liver-related events, transplant, and death provide 
further evidence of the prognostic significance of fibrosis."””' 
Taking these studies as a whole (see Fig. 26-2), we see there 
appears to be a highly dynamic bidirectional transit between the 
states of NAFL and NASH within the liver. At the time of the 
snapshot captured by liver biopsy, some of those patients who 
have NAFL will go on to develop NASH and, if they are suscep- 
tible, advanced fibrosis and adverse liver outcomes; others who 
have NASH may regress to NAFL. Therefore the presence or 
absence of NASH on baseline histologic examination provides 
little overall prognostic information, although patients with mild/ 
moderate steatosis in the absence of any inflammation may be at 
the lowest risk of progression. In addition, fibrosis progression 
in most NAFLD patients is generally slow, with fibrosis taking 
approximately 8 years to progress from Stage FO to Stage F1. 
There is, however, a subgroup of NAFLD patients who are rapid 
progressors whose fibrosis can progress to Stages F3 or F4 within 
between approximately 2 to 6 years. Given the evidence that 
similar rates of fibrosis progression occur in NAFL and NASH, 
it seems likely that the higher stages of fibrosis seen in patients 
with NASH simply reflect a longer duration of disease and that 
NASH usually develops after steatosis. Supporting this assertion, 
patients with NASH were 9 years older than those with NAFL 
in the most recent study,” and 44% of the NAFL patients had 
developed NASH after a median follow-up of 8 years. 


Nonalcoholic Fatty Liver Disease and 
the Risk of Hepatocellular Carcinoma 


Although most HCC cases worldwide are related to chronic viral 
hepatitis, more than 50% of cases in developed countries occur 
in nonvirally infected patients.*’’ The prevalence of HCC is 
estimated to be approximately 0.5% in NAFLD and approxi- 
mately 2.8% in NASH.” A North American population study 
concluded that NAFLD was the most frequent cause, present in 
58.5% of 4406 HCC patients surveyed, followed by diabetes, 
which was present in 35.8% of the patients.” This association 
persisted even in the subset of patients who possessed only a single 
tisk factor for HCC, suggesting that the association between 
NAFLD and HCC was not simply through potentiation of 
another liver disease.” Few publications provide robust informa- 
tion on the progression of NAFLD or NASH to HCC; however, 
a meta-analysis of the available data indicates that the annual 
incidence of HCC in patients with NAFLD is 0.44 per 1,000 
person-years, rising to 5.29 per 1000 person-years in NASH." 
Although these are lower incidence rates than observed in hepa- 
titis B or hepatitis C, the prevalence of NAFLD in the population 
means that the number of patients with NAFLD- or NASH- 
related HCC will continue to rise. 

Cirrhosis is present in approximately 80% of patients with 
HCC”; however, several small series and numerous case reports 
have described HCC in noncirrhotic NASH. The extent to which 
this occurs is not well defined, and further prospective data will 
be needed to determine the incidence of HCC in the absence of 
advanced fibrosis in NAFLD.***° 


Modifiers of Progression of 
Nonalcoholic Fatty Liver Disease 


As already discussed, NAFLD is a condition that is characterized 
by substantial interpatient variation in disease severity and 
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outcome.™” This variability reflects the complex interactions that 
occur between intrinsic and extrinsic factors. NAFLD is best 
considered a complex disease trait where environmental factors 
(e.g., dietary constituents, intestinal microbiota), acting on a sus- 
ceptible polygenic background comprising multiple subtle inter- 
patient variations, lead to a disease phenotype and ultimately 
determine the rate of disease progression.” Although the rapid 
increase in the prevalence of NAFLD worldwide over the last 
decade provides strong evidence that NAFLD is initiated by diet 
and lifestyle, it is clear that genetic factors contribute to and, 
crucially, determine how individuals respond to the challenge of 
calorific excess and consequent metabolic stressors. 


Environmental Modifiers of Nonalcoholic 
Fatty Liver Disease 


A number of environmental factors have been identified as sig- 
nificant modifiers of disease activity. These include the intestinal 
microbiome as a contributor to NAFLD pathogenesis” and diets 
high in fat and/or fructose or low in antioxidants. There is also 
evidence that the presence of NAFLD sensitizes the liver to the 
effects of other injurious processes, such as alcohol consumption. 
In a cohort of 9559 men in Scotland, the interaction between 
obesity and alcohol consumption conferred an additional 5.58- 
fold increase in the relative risk of liver-related death on top of 
that due directly to either alcohol consumption or obesity in obese 
drinkers consuming more than 150 g ethanol per week.” Conse- 
quently, the distinction between NAFLD and alcohol-related liver 
disease can easily become blurred with these apparently mutually 
exclusive conditions coexisting in some individuals (dual etiology 
fatty liver disease). Similarly, the coexistence of NAFLD with 
other causes of liver disease leads to accelerated fibrosis progres- 
sion (e.g., due to hepatitis C“! or hemochromatosis”). Another 
identified factor is the presence of OSA.“ 


Genetic Modifiers of Nonalcoholic 
Fatty Liver Disease 


Evidence to support a significant heritable component of NAFLD 
comes from familial aggregation“®“® and twin studies. There is 
greater concordance of both steatosis and hepatic fibrosis between 
identical monozygotic twins than between dizygotic twins, with 
an estimated 50% heritable contribution to variability.“ Ethnic- 
ity also influences susceptibility to NAFLD, with Hispanics being 
more prone to advanced disease than whites or blacks.” 
Studies implicate single nucleotide polymorphisms in a 
number of genes as factors that modify development of NAFLD 
and subsequent progression of fibrosis. However, no single gene 
is sufficient to determine outcome. Susceptibility to complex dis- 
orders such as NAFLD is determined by the combined effects of 
multiple relatively common genetic variants, with each making 
a small overall contribution to disease risk. Genetic modifi- 
ers may be identified through candidate-gene studies, where an 
a priori hypothesis of a functional role is tested, and through 
genome-wide association studies, where whole genome variation 
is sampled to detect modifiers that were not previously impli- 
cated in pathogenesis. The genes that have been associated with 
NAELD severity fall into four broad functional groups: modifiers 
of insulin sensitivity; modifiers of lipid handling and metabolism 
that influence triglyceride accumulation within the liver; modi- 
fiers of progression to NASH (modifiers of oxidative stress, endo- 
toxin response, or cytokine/adipokine activity); and modifiers of 


fibrosis development.” Selected genes that have been associated 
with NAFLD are summarized in Table 26-4. Of the numerous 
genes that have been associated with NAFLD, only a minority 
have been independently validated and so can be considered of 
proven significance. Among these, two genes that were identi- 
fied in genome-wide association studies stand out as they have 
attracted especial interest. These are the patatin-like phospholipase 
domain—containing 3 gene (PNPLA3) and the transmembrane 6 
superfamily 2 gene (TM6SF2). 

Great interest has surrounded the role of PNPLA3, which 
encodes a 481—amino acid protein called adiponutrin, which is 
structurally similar to the major adipose tissue triglyceride hydro- 
lase.” First linked with NAFLD by genome-wide association 
studies,” the widely validated nonsynonymous single nucleotide 
polymorphism in PNPLA3 (rs738409) results in an isoleucine to 
methionine amino acid change at codon 148. Carriage of the 
encoded adiponutrin 1148M variant has been consistently associ- 
ated with increased hepatic fat content, more severe NASH, and 
an approximately 1.5-fold increased risk of advanced fibrosis or 
cirrhosis.”°”’ The adiponutrin 1148M variant has also been linked 
with an increased risk of NAFLD-associated HCC in several 
studies, including a meta-analysis.” That the association with 
HCC is independent of the confounding effects of age, sex, dia- 
betes, BMI, and importantly, the presence of cirrhosis has been 
clearly demonstrated by a study that compared an NAFLD-HCC 
cohort with a histologically characterized NAFLD cohort. It 
showed that carriage of each copy of the minor allele encoding 
the adiponutrin 1148M variant conferred an independent, addi- 
tive risk for HCC in patients with NAFLD, with homozygotes 
exhibiting up to a fivefold increased risk of HCC.” The precise 
physiologic role of adiponutrin remains incompletely character- 
ized. Data from transgenic mouse models overexpressing the wild- 
type or 1148M variants in hepatocytes suggest that adiponutrin 
plays a role in remodeling triglyceride in lipid droplets through a 
combination of increased formation of fatty acids and triglyceride, 
impaired triglyceride hydrolysis, and relative depletion of triglyc- 
eride long-chain polyunsaturated fatty acids.” 

The role of the TM6SF2 gene as a modifier of NAFLD has 
only recently been reported; however, as with PNPLA3, the non- 
synonymous 7TM6SF2 (1s58542926) E167K variant has been 
robustly shown to associate with increased hepatic fat content, 
more severe NASH, and greater levels of fibrosis.“ Carriage of 
each copy of the E167K variant has been associated with a near 
twofold increase in the chance of developing advanced fibrosis, 
independent of confounding factors including age, diabetes, and 
obesity or PNPLA3 genotype.” At present little is known about 
the functional role of the TM6SF2 gene product, although it is 
believed to be a lipid transporter that is localized to the intra- 
cellular endoplasmic reticulum (ER) and ER-Golgi intermediate 
compartments. Whereas minor allele carriage is associated with 
NAFLD, carriage of the more common major allele has been 
associated with dyslipidemia (raised serum LDL cholesterol and 
triglyceride levels) and an increased risk of myocardial infarction/ 
cardiovascular disease.°** This observation has been described as 
the 7MG6SF2 catch-22 paradigm, which implies that, on a back- 
ground of IR and metabolic stress, TM6SF2 acts as a determinant 
of metabolic syndrome-related end-organ damage and thus clini- 
cal outcome: protecting the liver at the expense of increased risk of 
atherosclerosis and cardiovascular disease or vice versa (Fig. 26-3).° 

Whether the effects of genetic variants are sufficiently powerful 
to determine disease outcome at an individual level and so merit 
inclusion of genotype testing within a future stratified medicine 
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TABLE Š 
F Selected Genetic Factors in Nonalcoholic Fatty Liver Disease That Have Been Independently Validated 


Glucose Metabolism and Insulin Resistance 


ENPP1; IRS1  Ectonucleotide pyrophosphatase/ Functional variants in ENPP1 and /RS7 impair insulin receptor signaling and promote 
phosphodiesterase family member 1; insulin resistance. These have also been associated with greater NAFLD fibrosis 
insulin receptor substrate 1 

GCKR Glucokinase regulatory protein GCKR SNPs have been associated with NAFL and greater NAFLD fibrosis 

PPARG Peroxisome proliferator—activated receptor y A loss-of-function SNP affects insulin sensitivity. Conflicting evidence has been published 


regarding association with NAFLD 


Lipid Metabolism 


SLC27A5 Very long chain acyl-coenzyme A synthetase In patients with histologically proven NAFLD, the effect of BMI on the degree of steatosis 
differs with the SLC27A5 genotype 


FADS1 Fatty acid desaturase 1 Alleles associated with decreased hepatic expression of fatty acid desaturase 1 are 
associated with greater hepatic lipid accumulation 
LPIN1 Lipin 1 Variants have been associated with multiple components of metabolic syndrome and with 
liver fibrosis in pediatric (but not adult) NAFLD 
PNPLA3 Patatin-like phospholipase domain- The nonsynonymous 617C >G nucleotide transversion mutation SNP (rs738409, encoding 
containing 3 1148M) has been consistently associated with steatosis, steatohepatitis, hepatic fibrosis, 
and HCC risk; however, function remains incompletely understood 
TM6SF2 Transmembrane 6 superfamily 2 The TM6SF2 1858542926 minor allele is associated with greater steatosis, steatohepatitis, 
and NAFLD fibrosis. The major allele is associated with dyslipidemia and greater CVD 
risk 
NR112 Nuclear receptor subfamily 1 group | member NR112 encodes a transcription factor that regulates hepatic detoxification and lipid 
2 (also known as pregnane X receptor) metabolism. Two SNPs are associated with NAFLD and predict disease severity 
PPARA Peroxisome proliferator—activated receptor œ Peroxisome proliferator—activated receptor œ is a molecular sensor for fatty acids. It limits 


hepatic lipid accumulation by increasing fatty acid oxidation. SNPs have been 
associated with NAFLD risk 


PEMT Phosphatidylethanolamine N-methyltransferase Two studies have reported an association with NAFLD 
MBOAT7 Membrane bound 0-acyltransferase domain First associated with ARLD fibrosis, this gene has recently been linked to NAFLD fibrosis 
containing 7 
APOC3 Apolipoprotein C-III Conflicting evidence. One small study had positive findings but follow-up studies in >4000 
individuals have not validated an association with NAFLD 
MTTP Microsome triglyceride transfer protein large Microsome triglyceride transfer protein large subunit mediates hepatic synthesis and 
subunit secretion of VLDL. A loss-of-function mutation causes familial abetalipoproteinemia, 


characterized by severe hepatic NAFLD 
Modifiers of Steatohepatitis Risk (Oxidative Stress, Endotoxin Response, Cytokines) 


HFE Hereditary hemochromatosis protein Hepatic iron accumulation promotes oxidative stress. Conflicting data have been published 
on an association with NAFLD severity 

GCLC; GCLM Glutamate-cysteine ligase catalytic unit; Glutamate-cysteine ligase is the rate-limiting step in glutathione synthesis. SNPs have 

glutamate-cysteine ligase regulatory unit been associated with greater risk of NASH vs. NAFL 

SOD2 Superoxide dismutase (Mn), mitochondrial Carriage of SNP has been associated with advanced hepatic fibrosis in NAFLD in both 
Japanese and European cohorts 

CD14 Monocyte differentiation antigen CD14 CD14 is a lipopolysaccharide receptor that enhances TLR4 endotoxin signaling. SNPs that 
increase CD14 expression have been linked with NAFLD 

TNF Tumor necrosis factor A TNF promoter SNP has been associated with NASH, suggesting a primary role in the 
transition from steatosis to steatohepatitis 

IL6 Interleukin-6 An /L6 promoter region SNP has been associated with NASH 

IFNL4 Interferon lambda 4 A SNP in /FNL4 is a strong predictor of fibrosis in a cause-independent manner, including a 


cohort of 488 NAFLD cases 


Modifiers of Fibrogenesis 
AGTR1 Type 1 angiotensin II receptor Two studies have linked SNPs with NASH activity and the stage of fibrosis 


KLF6 Kruppel-like factor 6 A SNP has been associated with milder NAFLD-related hepatic fibrosis in three separate 
European cohorts 


ARLD, Alcohol-related liver disease; CVD, cardiovascular disease, HCC, hepatocellular carcinoma; NAFL, nonalcoholic fatty liver; NAFLD, nonalcoholic fatty liver disease; NASH, nonalcoholic steatohepatitis; 
SNP. single nucleotide polymorphism; TLR4, toll-like receptor 4. 
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e Fig. 26-3 The TM6SF2 catch-22 hypothesis. The TM6SF2 gene may act as a master regulator of 
metabolic syndrome outcome. Carriers of the less common minor allele retain lipid in the liver and so 
develop progressive nonalcoholic fatty liver disease (NAFLD) and are at increased risk of cirrhosis, whereas 
carriers of the more common form of the variant preferentially export lipid from the liver and are at greater 
risk of cardiovascular disease and stroke. /R, Insulin resistance; NAFL, nonalcoholic fatty liver; NASH, 
nonalcoholic steatohepatitis; T2DM, type 2 diabetes mellitus; TG, triglycerides, 


approach is not yet clear and will require validation in large pro- 
spective studies. 


Clinical Features of Nonalcoholic 
Fatty Liver Disease 


Symptoms 


On direct questioning, up to a third of NAFLD patients may 
report symptoms including malaise or fatigue. Some experience 
mild right upper quadrant abdominal discomfort due to steatotic 
hepatomegaly distending the liver capsule; however, NAFLD is 
frequently asymptomatic. As symptoms associated with NAFLD 
are mild and nonspecific, patients seldom self-present in the early 
stages of the disease. Therefore NAFLD is usually detected as an 


incidental radiologic finding or when mild biochemical derange- 
ments in liver biochemistry are revealed during routine blood tests 
taken for an unrelated reason or during a routine health check. 
Patients with NAFLD frequently present late in the course of the 
disease, with between 25% and 33% of patients having advanced 
fibrosis or cirrhosis at the time of diagnosis.” These individuals 
may experience complications of cirrhosis and portal hypertension 
such as variceal hemorrhage, or HCC. 


Signs on Physical Examination 


There are no specific physical signs to establish a diagnosis of 
NAELD or to distinguish NAFL from NASH. Central obesity is 
the most common examination finding, being present in more 
than 50% of patients.*°* Height and weight should be recorded 
and hip/waist circumference measured. Hepatomegaly may be 
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noted; however, abdominal adiposity may hamper effective exami- 
nation. In the absence of advanced disease, where the classic 
stigmata associated with the presence of chronic liver disease such 
as jaundice, spider nevi, and ascites may be apparent, clinical 
examination is frequently unremarkable. 


Routine Laboratory Abnormalities 


The typical biochemical abnormalities seen in patients with 
NAELD are elevations of serum alanine aminotransferase (ALT), 
aspartate aminotransferase (AST), and y-glutamyl transferase 
(GGT) levels. These are modest and the levels are usually less 
than twice the upper limit of normal. Although many NAFLD 
cases are first detected because of the incidental finding of a mild 
transaminitis, these routine biochemical tests are insensitive, with 
approximately 80% of patients exhibiting ALT levels within the 
normal range (<40 IU/L for men and <31 IU/L for women), even 
in the presence of active NASH with advanced fibrosis.” Absolute 
transferase values therefore have no relationship with histologic 
disease severity and do not contribute to the stratification of indi- 
vidual risk in NAFLD. The AST/ALT ratio is characteristically 
less than 1 in NAFLD; however, as hepatic fibrosis progresses to 
advanced fibrosis and cirrhosis develops, the ALT level falls and 
the AST level rises, so this ratio reverses (AST/ALT ratio >1). 
Patients with NAFLD may exhibit raised blood glucose levels 

(overall, 23% have T2DM), and approxiately70% will have dys- 

lipidemia (hypertriglyceridemia, low HDL cholesterol levels, or 

both).* Other laboratory abnormalities that may be present 
include: 

e Nonspecific elevations of GGT level alone or in combination 
with a mildly elevated alkaline phosphatase level. 

e Low-titer antinuclear antibodies usually at a titer of 1: 160 or 
less and/or anti-smooth muscle antibody at a titer of 1:40 or 
less are observed in 20% to 30% of patients; however, IgG 
levels are usually within the normal range. 

e Elevated ferritin levels, which are frequently seen; however, 
these represent an acute-phase response and are not associated 
with iron overload (demonstrated by the presence of a normal 
transferrin saturation, <45%). 

The presence of these abnormalities can contribute to diagnostic 

uncertainty as they may be incorrectly ascribed to high alcohol 

consumption, autoimmune hepatitis, and hemochromatosis, 
respectively.” Raised ferritin levels and the presence of increased 

IgA levels occur and are indicative but not diagnostic of more 

advanced fibrosis.”'”” If there is uncertainty about the diagnosis of 

NAFLD, a liver biopsy remains the gold standard test to confirm 

the diagnosis, as well as to diagnose NASH and stage fibrosis. 


Histopathologic Features of 
Nonalcoholic Fatty Liver Disease 


The histopathologic features of NAFLD fall into three domains: 
steatosis, steatohepatitis, and fibrosis (Fig. 26-4).” 74 Te is notewor- 
thy that these differ subtly between adult and pediatric NAFLD.” 
Here the common histopathologic features of NAFLD in adults 
will be described. 


Steatosis 

Steatosis is the accumulation of lipid droplets within hepato- 
cytes and is considered pathologic when it affects more than 
5% of hepatocytes. Steatosis initially exhibits an acinar zone 3 


(centrilobular) distribution in adults.” Morphologically, it is clas- 
sified as macrovesicular when large lipid droplets displace the 
nucleus and organelles to the cell periphery and microvesicular 
when multiple small lipid droplets accumulate giving the cyto- 
plasm a foamy appearance without displacing the nucleus.” Mixed 
steatosis (when the two forms of steatosis coexist) is common in 
NAFLD but a pure microvesicular steatosis is not seen in meta- 
bolic syndrome-related NAFLD. Microvesicular steatosis occurs 
in alcohol-related liver disease among other conditions and so, 
if seen, its presence brings the diagnosis of NAFLD into ques- 
tion. Steatosis levels fall as cirrhosis develops, and so NAFLD is 
underdiagnosed in the setting of advanced liver disease. Indeed, 
NAELD is thought to be the underlying cause of 30% to 75% 
of cases of cryptogenic cirrhosis. 


Steatohepatitis 

Steatosis is frequently accompanied by a chronic mononuclear 
cell inflammatory infiltrate composed of lymphocytes (mainly T 
cells), rare plasma cells, and monocytes. Mild chronic or mixed 
portal inflammation may also be present. However, there is broad 
consensus that the presence of hepatocyte ballooning in addi- 
tion to steatosis and inflammation is required for a diagnosis of 
NASH.” The morphologic features of hepatocyte ballooning 
are subtle and subject to both intraobserver and interobserver vari- 
ability in their interpretation, which complicates diagnosis.” Bal- 
looned hepatocytes are enlarged (cellular diameter >30 um) and 
round with lightly stained cytoplasm. The causes of hepatocellular 
ballooning are poorly defined. However, microtubule damage and 
loss of intermediate filament cytoskeleton caused by oxidative 
stress, ER stress, fluid retention, and lipid droplets are thought to 
contribute.” Other morphologic features that may be seen but are 
not necessary to diagnose NASH include Mallory-Denk bodies, 
glycogenated nuclei in periportal hepatocytes, acinar lipogranulo- 


mas, megamitochondria, apoptotic hepatocytes, and pericellular 
fibrosis.“ 


Fibrosis 


NAFLD is associated with a characteristic pattern of fibrosis. 
Initially, early fibrosis exhibits a perivenular distribution, which 
may also be associated with pericellular fibrosis in a chicken 
wire pattern. This distribution of fibrosis deposition is generally 
localized to areas with active cell damage and ballooned hepa- 
tocytes but it may be observed in isolation, when it is thought 
to reflect a partial resolution of past injury. Perivenular fibro- 
sis may be accompanied by portal and periportal fibrosis. As 
disease progresses, bridging fibrosis develops with the formation 
of central-central, central-portal, and portal-portal septa and leads 
to a predominantly micronodular cirrhosis.” 


Grading and Staging of the Severity 
of Nonalcoholic Fatty Liver Disease 
in Clinical Practice 


Liver biopsy allows direct examination of the liver parenchyma 
to assess inflammatory disease activity (grade of disease) and pro- 
gression of fibrosis toward cirrhosis (stage of fibrosis). However, 
biopsy is subject to sampling error as less than 1/50,000 of the 
total liver volume is sampled at a single point in time and NAFLD 
lesions may not be uniformly distributed throughout the liver 
parenchyma.” It should also be remembered that an accurate 
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e Fig. 26-4 Histologic features of nonalcoholic fatty liver disease. A, Macrovesicular steatosis (nedium- 
power hematoxylin and eosin stain). B, Nonalcoholic steatohepatitis featuring ballooned hepatocytes but 
without evidence of fibrosis. C, Nonalcoholic steatohepatitis with early (Stage 1b) perisinusoidal fibrosis. 
D, Nonalcoholic fatty liver disease—associated cirrhosis with clear bands of fibrosis forming nodules. 


diagnosis is subject to observer-related bias that may be influenced 
by the experience of the pathologist, especially in identifying 
features such as hepatocyte ballooning degeneration and grading 
necroinflammation. 

To mitigate these issues, a biopsy with a core length of 15 mm 
or more using at least a 16-gauge diameter needle is the minimum 
required to provide an adequate sample,” and a defined and vali- 
dated scoring system should be used to help standardize biopsy 
interpretation. Two well-validated and widely adopted semiquan- 
titative histologic scoring systems for NAFLD have been proposed 
(Table 26-5). 

An optimal staging system should be easy to apply, should be 
highly reproducible with good intraobserver and interobserver 
consistency in its application, and should correlate with long-term 
clinical end points. The histologic grading and staging system 
proposed by the U.S. National Institutes of Health—-sponsored 
NASH CRN combines the assessment of steatosis, inflammation, 
and ballooning hepatocyte degeneration to produce an NAFLD 
activity score (NAS) ranging from 0 points to 8 points and a 
separate fibrosis score ranging from 0 to 4.” There is, in general, 
good interobserver agreement that an NAS of 3 or less is unlikely 


to show NASH, whereas an NAS of 5 or more correlates well with 
the presence of steatohepatitis, making this is a valuable research 
tool for use in clinical trials. However, the NAS is not suitable for 
use at an individual patient level to interpret the results of a liver 
biopsy and diagnose or exclude NASH. Indeed, the application 
of the NAS as a prognostic tool in routine clinical practice has 
proved controversial.” 

In an attempt to address these deficiencies and satisfy the need 
for a reliable and reproducible histologic score that can be used 
to classify disease in routine clinical practice, a refinement called 
the steatosis-activity-fibrosis (SAF) score has been developed.*' On 
the basis of a semiquantitative scoring technique similar to that 
for the NAS, steatosis, activity, and fibrosis are evaluated sepa- 
rately and then a simple algorithm (Fig. 26-5) is applied to classify 
biopsies into one of three diagnostic categories: normal, NAFL, 
or NASH. In contrast to the NAS, the SAF method separates 
measurement of steatosis from measurement of markers of cellular 
injury (ballooning and lobular inflammation) and so may better 
discriminate NASH from more benign liver disease as the NAS 
is heavily weighted toward the amount of steatosis present in a 


biopsy (see Table 26-5). 
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WAGE Comparison of the Nonalcoholic Fatty Liver Disease Activity Score and the Steatosis-Activity-Fibrosis 


26-5 


Score Used to Report Nonalcoholic Fatty Liver Disease Liver Biopsies 


Steatosis 0 <5% Steatosis 0 <5% 
1 5-33% 1 5-33% 
2 34-66% 2 34-66% 
3 >66% S >66% 
+ = Steatosis score (S 0-3) 
Hepatocyte Ballooning 0 None Hepatocyte Ballooning 0 None 
1 Few 1 Clusters of round hepatocytes with pale 
cytoplasm 
2 Many 2 Same as grade 1 with enlarged hepatocytes 
(>2 times normal size) 
+ + 
Inflammation 0 None Inflammation 0 None 
1 1-2 foci per 20 times field 1 <2 foci per 20 times field 
2 2-4 foci per 20 times field 2 >2 foci per 20 times field 
3 >4 foci per 20 times field 
= NAFLD activity score (0-8) = Activity score (A 0-4) 
Fibrosis 0 No fibrosis Fibrosis 0 No fibrosis 


1a Zone 3 mild perisinusoidal fibrosis 

1b Zone 3 moderate perisinusoidal fibrosis 
1c Periportal/portal fibrosis only 

2 Zone 3 plus portal/periportal fibrosis 

3 Bridging fibrosis 

4 Cirrhosis 


ja Zone 3 mild perisinusoidal fibrosis 

1b Zone 3 moderate perisinusoidal fibrosis 
dc Periportal/portal fibrosis only 

2 Zone 3 plus portal/periportal fibrosis 

3 Bridging fibrosis 

4 Cirrhosis 


= Fibrosis score (F 0-4) 


= Fibrosis score (F 0-4) 


CRN, Clinical Research Network; NAFLD, nonalcoholic fatty liver disease; NASH, nonalcoholic steatohepatitis; SAF steatosis-activity-fibrosis. 
Data from Dyson JK, et al. Non-alcoholic fatty liver disease: non-invasive investigation and risk stratification. J Clin Pathol 2013;66:1033-1045. 


Lobular 


Steatosis Ballooning Inflammation Diagnosis 


o — SE a 0, 1, 2 ———» Not NAFLD 


0 =i NAFL 

— 2 NL 
o —-> NAFL 
0o ——> NAFL 
1 ———» NASH 
2 NASH 
o — > NAFL 

NASH 
2 > NASH 


e Fig. 26-5 Steatosis-activity-fibrosis (SAF) score algorithm. Semi- 
quantitative scores for steatosis, ballooning, and lobular inflammation and 
ascribed to a liver biopsy on the basis of the specific histopathologic 
features observed. These are then sequentially combined as shown to 
classify disease into nonalcoholic fatty liver (NAFL) or nonalcoholic steato- 
hepatitis (NASH). NAFLD, Nonalcoholic fatty liver disease. 


Evaluation of Nonalcoholic 
Fatty Liver Disease 


The cardinal features required by the practice guidelines of the 
American Association for the Study of Liver Diseases for a diag- 
nosis of NAFLD are (1) the presence of hepatic steatosis con- 
firmed by imaging or histology, (2) exclusion of other causes of 
hepatic steatosis (see Table 26-3), in particular significant alcohol 
consumption, and (3) exclusion of any other coexisting causes of 
chronic liver disease. In addition, the evaluation of a patient with 
suspected NAFLD should also assess disease activity (i.e., NAFL 
vs. NASH) and the stage of hepatic fibrosis, and evaluate the 
patient for the presence and severity of IR and the complications 
of metabolic syndrome. The diagnosis, staging, and long-term 
follow-up of NAFLD is made more complicated as there is no 
single blood test or imaging modality that is diagnostic for 
NAFLD and which can be used to accurately determine disease 
severity and monitor treatment response.” 


Diagnostic Approach to Nonalcoholic 
Fatty Liver Disease 


As there are no pathognomonic symptoms or signs, it is vital that 
practitioners appreciate that those individuals who exhibit features 


roy esl RONA Specific Diseases 


WAE Common Risk Factors for Nonalcoholic 
Fatty Liver Disease 


Age Increased risk of NAFLD and advanced fibrosis 
in patients aged >45 yr 


Metabolic syndrome 
(obesity, insulin 
resistance/Type 2 
diabetes mellitus, 
dyslipidemia, and 


Most metabolic syndrome patients (70-90%) 
have NAFLD. The more features of metabolic 
syndrome an individual possesses, the higher 
the probability of NASH being present and 
increased risk of advanced fibrosis 


hypertension) 
Sex Males > females 
Ethnicity Disease severity risk highest in Hispanics, 
intermediate risk in whites, lower risk in 
blacks 
Dietary factors Diets high in cholesterol, saturated fats, and 


fructose but low in carbohydrate increase 
risk. Caffeine may be protective 


Obstructive sleep Increased risk of NASH and advanced fibrosis 


apnea 


Genetic factors Among others, variants in genes including 
PNPLA3 and TM6SF2 are associated with 
greater steatosis, NASH, and more advanced 
liver fibrosis. PNPLA3 is also associated with 


an increased risk of NAFLD-associated HCC. 


HCC, Hepatocellular carcinoma; NAFLD, nonalcoholic fatty liver disease; NASH, nonalcoholic 
steatohepatitis. 


of metabolic syndrome are at risk of NAFLD. Furthermore, the 
more features that are present, the higher the probability that a 
patient has underlying NAFLD and the more likely it is that the 
patient will exhibit NASH and develop progressive liver fibrosis.” 
Recognized independent risk factors for progressive NAFLD and 
advanced fibrosis include age older than 45 years, presence of 
diabetes (or severity of IR), obesity (BMI >30 kg/m’), and hyper- 
tension (Table 26-6). 

Although there are many causes of hepatic steatosis, and so a 
potentially wide differential diagnosis (see Table 26-3), in practice 
the principal differential is between metabolic syndrome-related 
NAELD and alcohol-related liver disease. This clinical decision is 
based on a detailed history, seeking corroboration from family 
members where available, to ensure that excessive alcohol con- 
sumption is not contributory. Daily alcohol consumption must 
be less than 20 g for women and 30 g for men for NAFLD to be 
diagnosed. A drug history, including prescription medication, 
over-the-counter medication, illicit drug use, and traditional/ 
herbal remedies, should be taken to confirm that medications are 
not contributing to NAFLD. 

Once excessive alcohol consumption has been excluded and 
other confounding environmental factors, including pharmaco- 
logic agents, have been discounted, investigation of suspected 
NAELD is directed toward the exclusion of other liver diseases 
and confirming the presence of hepatic lipid accumulation. 
This is of great importance, as other common liver diseases can 
coexist with NAFLD. Laboratory testing to confirm the absence 
of chronic viral hepatitis (hepatitis B virus surface antigen and 


hepatitis C virus serologic tests), autoimmune liver disease (anti- 
nuclear antibodies, antimitochondrial, anti-smooth muscle, and 
anti-liver-kidney microsomal Type 1 antibodies, immunoglobu- 
lins), and other treatable metabolic diseases (hemochromatosis, 
Wilson disease, celiac disease, O,-antitrypsin deficiency) should 
be conducted. 

Confirmation of the presence of NAFLD may be performed 
radiologically or histologically. The presence of steatosis can be 
readily detected by various imaging modalities, including ultraso- 
nography, computed tomography (CT), and magnetic resonance 
imaging (MRI); however, sensitivity and specificity differ consid- 
erably between modalities. Ultrasonography is readily available in 
routine clinical practice and is cost-effective means of detecting 
hepatic lipid accumulation, which appears as increased hepatic 
echogenicity." However, ultrasonography is highly operator 
dependent,” has limited sensitivity if less than 30% of hepato- 
cytes are steatotic,° and is a qualitative rather than a quantitative 
test. Alternatives include CT, MRI, and 'H-MRS, which offer 
greater sensitivity for detecting lesser degrees of steatosis, but are 
resource intensive and not widely used in routine practice. MRI 
and 'H-MRS are the most accurate noninvasive measures of ste- 
atosis and can provide quantitative information, allowing changes 
in hepatic lipid content to be monitored.” Several different tech- 
niques have been proposed, each of which has its relative merits 
and weaknesses. Studies have shown a close relationship between 
steatosis measured by these methods and histologic assessment” ; 
however, this has not been uniformly demonstrated.** A number 
of proprietary techniques for assessing the degree of hepatic ste- 
atosis have been proposed. One of the most widely available is the 
FibroScan (Echosens, Paris) controlled attenuation parameter. 
However, most have been studied in relatively few patients and 
so remain experimental pending further validation with histologic 
correlation in larger cohorts. Currently, no routinely available 
imaging modality has been convincingly demonstrated to accu- 
rately distinguish NAFL from NASH or to discriminate between 
mild and moderate stages of fibrosis that fall short of cirrhosis. 


Risk Stratification and Staging of 
Nonalcoholic Fatty Liver Disease 


Confirmation of the diagnosis of NAFLD should trigger targeted 
investigations to prognostically risk-stratify individuals and iden- 
tify those patients at greatest risk of disease progression and associ- 
ated morbidity. In light of the natural history evidence that the 
presence of liver fibrosis is the strongest prognostic indicator,” 
risk stratification is best achieved by the accurate determination 
of the stage of fibrosis. In parallel, the presence of cardiovascular 
disease risk factors should be sought and if found they should be 
treated. 

Although imperfect, the gold standard for the diagnosis of 
NAFLD remains the liver biopsy as it is the only investigation 
that can simultaneously confirm the diagnosis of NAFLD, assess 
the degree of inflammation, and accurately determine the extent 
of liver fibrosis to assist prognostication. For these reasons, liver 
biopsy retains an important role in the NAFLD diagnostic 
pathway. However, it is an invasive procedure that is frequently 
associated with discomfort and, although generally safe, biopsy 
carries a 1% to 3% risk of major complications and an estimated 
0.01% mortality. The invasive nature of liver biopsy, its cost, 
and the number of patients in the population that may require 
investigation are major constraints, making biopsy impractical for 
widespread use as a prognostic tool outside the specialist care 
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setting. Therefore a pragmatic approach to disease staging using 
noninvasive strategies is required, with liver biopsy being reserved 
for those patients where it offers clinically relevant additional 
information or clinical trials.” 

Noninvasive techniques, both commercial and noncommer- 
cial, have been proposed that may be used to predict the stage of 
fibrosis. These include both serologic tests and imaging tech- 
niques. Serologic markers of liver fibrosis may be divided into 
indirect markers that reflect alterations in hepatic function but 
not collagen turnover (e.g., AST/ALT ratio and platelet levels) and 
direct markers that are biologically related to fibrogenesis and 
extracellular matrix turnover.” These include simple scores such 
as the NAFLD fibrosis score and the FIB-4 score, and specialist 
panels such as the enhanced liver fibrosis (ELF) test (a test for 
enhanced liver fibrosis). The performance of selected tests that are 
commonly used is summarized in Table 26-7. 

The NAFLD fibrosis score, based on analysis of a combined 
North American and European discovery set, is calculated with 
use of routinely measured parameters (age, presence of T2DM, 
BMI, AST/ALT ratio, albumin level, and platelet count) that are 
independently associated with the presence of advanced fibrosis. If 
a low cutoff (<—1.455) is applied, advanced fibrosis can be effec- 
tively excluded (negative predictive value 93%), whereas values 
above a high cutoff threshold (>0.676) predict the presence of 
advanced fibrosis (positive predictive value 90%).”' The fibrosis-4 


(FIB-4) score uses many of the same parameters, and appears to 
be one of the best simple noninvasive tools for detecting advanced 
fibrosis and narrowly out performs the NAFLD fibrosis score. 
Values below 1.3 have a negative predictive value of 90% for Stage 
F3 to Stage F4 fibrosis, whereas values greater than 2.67 have a 
positive predictive value of 80%, with only a quarter of the large 
secondary care NAFLD cohort studied being unclassified with 
scores between 1.3 and 2.67.” The results of head-to-head com- 
parison in a large cohort with biopsy-proven NAFLD are shown 
in Table 26-8.” In general, simple panels have relatively robust 
negative predictive value and so can reliably exclude advanced 
fibrosis but have low positive predictive value (ranging from 27% 
to 79%).” The enhanced liver fibrosis (ELF) test is a commer- 
cial panel of markers focusing on matrix turnover.” It comprises 
tissue inhibitor of matrix metalloproteinase 1, hyaluronic acid, 
and amino-terminal peptide of procollagen HI and has accuracy 
similar to or slightly better than that of the NAFLD fibrosis score. 
Both the NAFLD fibrosis score and the ELF test have been shown 
to be predictive of long-term disease outcome and mortality.” 

Hepatic parenchymal fibrosis reduces tissue elasticity, and so 
liver stiffness can be measured as a surrogate for fibrosis severity. 
This is a rapidly advancing field, and several elastography tech- 
niques have been developed. One such technology that has been 
widely adopted (FibroScan) uses ultrasound transient elastogra- 
phy to measure hepatic elasticity by quantifying the shear wave 


WAIE Selected Noninvasive Tests and Scores for Predicting Fibrosis Severity in Nonalcoholic Fatty Liver Disease 
Fibrosis 


26-7 


Simple panels APRI APRI = AST (IU/L)/AST ULN (IU/L))/platelet count 
(x10°/L) x 100 

NFS = —1.675 + 0.037 x age (yr) + 0.094 x BMI 
(kg/m?) + 1.13 x IFG or diabetes (yes = 1, no = 0) 
+ 0.99 x AST/ALT ratio — 0.013 x platelet count 


(«10°/L) — 0.66 x albumin (g/dL) 


High risk (APRI >1): sensitivity 0.27, specificity 
0.89, PPV 0.37, NPV 0.84 

High risk (NFS >0.676): sensitivity 0.51, 
specificity 0.98, PPV 0.90, NPV 0.85 

Indeterminate risk (NFS —1.455 to 0.676) 

Low risk (NFS <—1.455): sensitivity 0.82, 
specificity 0.77, PPV 0.56, NPV 0.93 

High risk (FIB-4 score >2.67): sensitivity 0.33, 
specificity 0.98, PPV 0.80, NPV 0.83 

Indeterminate risk (FIB-4 score 1.30-2.67) 

Low risk (FIB-4 score <1.30): sensitivity 0.74, 
specificity 0.71, PPV 0.43, NPV 0.90 


High risk (ELF score >0.3576): sensitivity 0.80, 
specificity 0.90, PPV 0.71, NPV 0.94 

Low risk (ELF score <0.3576) 

Low risk (FibroTest score <0.30): sensitivity 
0.77, specificity 0.77, NPV 0.90 


NFS. Predicts advanced 
fibrosis (F3-F4) 


FIB-4 score. Predicts 
advanced fibrosis (F3-F4) 


FIB-4 score = age (yr) x AST (IU/L)/platelet count 
(x10%L) x v/ALT (IU/L) 


ELF test. Predicts advanced 
fibrosis (F3-F4) 


Commercial fibrosis 
marker panels 


ELF score = —7.412 + [In(HA) x 0.681] + [In(PIIINP) 
x 0.775] + [In(TIMP-1) x 0.494] 


FibroTest. Excludes 
advanced fibrosis (F3-F4) 


Patented algorithm including total bilirubin, GGT, 
Qp-macroglobulin, apolipoprotein A1, and 
haptoglobin, corrected for age and sex 


FibroScan. Predicts 
advanced fibrosis (F3-F4] 


Radiologic 
technique 


Ultrasound-based transient elastography measures 
the velocity of an elastic shear wave propagating 
through the liver to assess liver stiffness. Three 
probes (S, M, and XL) are used according to body 
habitus. Greater adiposity may limit test accuracy 


High risk (M >9.6 kPa; XL >9.3 kPa): M/XL 
sensitivity 0.75/0.57, specificity 0.92/0.90, 
PPV 0.72/0.71, NPV 0.93/0.84 

Indeterminate risk (M 7.9-9.6; XL 7.2-9.3) 

Low risk (M <7.9 kPa; XL <7.2 kPa): M/XL 
sensitivity 0.91/0.78, specificity 0.75/0.78, 
PPV 0.52/0.60, NPV 0.97/0.89 


Simple scores such as the nonalcoholic fatty liver disease activity score (NAS) and the FIB-4 score are based on the results of routinely available blood tests and anthropometrics. In contrast, commercial 
tests rely on measurement of nonstandard indices (hyaluronic acid [HA], amino-terminal propeptide of Type Ill procollagen [PIIINP], and tissue inhibitor of metalloproteinase 1 [TIMP-1]}), and FibroScan 
requires specialist equipment. 

ALT, Alanine aminotransferase, APRI, aspartate aminotransferase to platelet ratio index; AST, aspartate aminotransferase; ELF enhanced liver fibrosis; FIB-4, fibrosis-4; GGT, y-glutamyl transferase; 
IFG, impaired fasting glucose; NPY, negative predictive value; PPV, positive predictive value; ULN, upper limit of normal. 


Cor SRNO Specific Diseases 


Suspected NAFLD 
Features of metabolic syndrome, radiologic evidence of steatosis and/ 
or abnormal liver biochemistry, alternative diagnoses excluded 


ý 


SS SeSSse= > Calculate NAFLD Fibrosis Score | 


Less than More than 
-1.455 —1.455 to 0.676 0.676 
Low risk r High risk 
(NPV 93%) Intermediate (PPV 90%) 


Refer to secondary care 


Transient Elastography (FribroScan) 


M probe <7.9k Pa M probe 7.9 — 9.6 kPa M probe >9.6 kPa 
XL probe <7.2k Pa XL probe 7.2 — 9.3 kPa XL probe >9.3 kPa 


Advanced Advanced 
[F3-4] fibrosis [F3-4] fibrosis 

excluded Intermediate likely 
(NPV 89-97%) (PPV 71-72%) 


| 


Recalculate NAFLD Fibrosis Score in 3-5 years or if patient develops type 2 diabetes 


Liver Biopsy 


Fibrosis Fibrosis Cirrhosis 
FO-1 F2-3 F4 


Manage in primary care, 
lifestyle advice, 
address CVD risks, 
recalculate NFS 3-5 years. 


Lifestyle advice, 
address CVD risks, 
NAFLD-directed therapy, 
HCC and variceal surveillance 


Lifestyle advice, 
address CVD risks, 
NAFLD-directed therapy 


e Fig. 26-6 Noninvasive diagnostic algorithm for risk stratification in nonalcoholic fatty liver disease. 
This algorithm represents a pragmatic approach to risk stratification that sequentially applies tests with 
high negative predictive value (NPV) so that liver biopsy is reserved for a highly selected group of patients 
at high risk of advanced fibrosis/cirrhosis. The fibrosis-4 (FIB-4) score or a validated commercial fibrosis 
panel may be substituted for the nonalcoholic fatty liver disease (NAFLD) fibrosis score or a one-stage 
screen for fibrosis developed with a different modality. FO, F1, F2, F3, and F4 refer to the histologic stage 
of fibrosis. CVD, Cardiovascular disease; HCC, hepatocellular carcinoma; NFS, NAFLD fibrosis score; 
PPY, positive predictive value. 
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TABLE 
26-8 


Head-to-Head Comparison of Selected Simple Panels Used to Identify Advanced Fibrosis 


AAR 0.83 (0.74-0.91) 0.8 74 78 44 93 
1.0 52 90 55 89 
APRI 0.67 (0.54-0.8) 1 27 89 37 84 
FIB-4 score 0.86 (0.78-0.94) 1.30 85 65 36 95 
NAFLD fibrosis score 0.81 (0.71-0.91) —1.455 78 58 30 92 
0.676 33 98 79 86 


AAR, Aspartate aminotransferase to alanine aminotransferase ratio; APRI, aspartate aminotransferase to platelet ratio index; AUROC, area under the receiver operating characteristic curve; C/ confidence 
interval; FIB-4, fibrosis-4; NAFLD, nonalcoholic fatty liver disease; NPV, negative predictive value; PPV, positive predictive value; Se, sensitivity; Sp, specificity. 
Selected data from McPherson S, etal. Simple non-invasive fibrosis scoring systems can reliably exclude advanced fibrosis in patients with non-alcoholic fatty liver disease. Gut 2010; 


59:1265-1269. 


velocity of low-frequency vibrations that are transmitted into the 
liver.” In NAFLD, this technique has an area under the receiver 
operating characteristic curve of 0.84 and 0.93 for the detection of 
Stage F2 or greater and Stage F3 or greater fibrosis, respectively.”° 
Although adiposity can interfere with accuracy and prevent acqui- 
sition of a reliable reading in some patients, a low liver stiff- 
ness measurement appears to reliably exclude advanced fibrosis. 
Promising alternatives, including acoustic radiation force impulse 
imaging and magnetic resonance elastography, are emerging. 

In general, noninvasive tests have only modest specificity and 
so a low positive predictive value but a high negative predictive 
value, implying that they can accurately rule out advanced liver 
disease (fibrosis Stages F3 to F4) with a high degree of confidence. 
Although this limits their utility as a positive diagnostic, they still 
have utility as part of a staged process of risk stratification. Several 


algorithms have been proposed for the assessment and risk strati- 
fication of patients with NAFLD in routine clinical practice and 
can be applied across both primary and secondary care.” All 
sequentially apply one or more noninvasive tests in an attempt to 
control false positive rates and reserve the use of liver biopsy for 
those patients who are most likely to have significant underlying 
disease. An example is provided in Fig. 26-6. The relative merits 
of differing approaches have not been prospectively evaluated, and 
all strike compromises between sensitivity and specificity. In 
general, these permit low-risk patients to be treated conservatively 
in primary care with lifestyle advice and risk factor modification. 
High-risk patients require referral and liver biopsy to establish the 
stage of the disease. If the algorithm cannot be effectively imple- 
mented or if clinical suspicion remains high, onward referral for 
specialist assessment is advised. 


SUMMARY 


Recent Progress 

e Recent natural history studies confirm that NAFL and NASH share similar 
risks of progression to advanced liver disease. 

e Several genetic modifiers of disease risk have been identified, including 
PNPLA3 and TM6SF2. 

e The use of noninvasive testing to detect patients at greatest risk of 
significant underlying liver disease allows effective risk stratification to 
select patients for liver biopsy and specialist management. 


Key Knowledge Gaps 
e Detailed population-level information on disease prevalence for NAFL, 
NASH, and NAFLD fibrosis in the general population. 


References 


e Robust data on disease natural history and long-term outcomes in 
NAFLD. 


Future Directions 

e identification of factors that determine interindividual variation in NAFLD 
progression and disease outcome. 

e Development and robust validation of clinically relevant, economic, and 
patient-acceptable noninvasive techniques for differentiating NAFL from 
NASH and accurately staging liver fibrosis to identify those at greatest 
risk of liver-related complications. 


A list of references can be found at www.experconsult.com. 
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ABBREVIATIONS 


ALT alanine aminotransferase 

DM diabetes mellitus 

IR insulin resistance 

MS metabolic syndrome 

NAFLD nonalcoholic fatty liver disease 
NAS NAFLD activity score 

NASH nonalcoholic steatohepatitis 
PUFA polyunsaturated fatty acid 
UCDA ursodeoxycholic acid 


Introduction 


Nonalcoholic fatty liver disease (NAFLD) is a leading cause of 
chronic liver disease worldwide and is often found in association 
with other features of metabolic syndrome (MS). Defined by 
more than 5% macrovesicular steatosis seen by light microscopy, 
NAFLD includes a spectrum of disease from isolated fatty liver 
to nonalcoholic steatohepatitis (NASH) with cirrhosis and even 
hepatocellular carcinoma.! Non-NASH NAFLD, defined as 
hepatic steatosis falling short of the diagnosis of NASH (lacking 
hepatocyte ballooning). accounts for approximately 80% of 
all NAFLD cases and is usually associated with a more modest 
elevation of serum aminotransferase levels as well as a more indo- 
lent clinical course that usually does not progress to cirrhosis. 
Conversely, NASH is characterized by the presence of necroin- 
flammation and hepatocellular damage and ballooning, with or 
without fibrosis that may progress to cirrhosis over time.” Recent 
evidence has suggested the spectrum of NAFLD is more compli- 
cated than non-NASH NAFLD and NASH, although this dis- 
tinction currently remains important in determining prognosis. 
The optimal treatment regimen for NAFLD patients has not been 
established, although the importance of treatment of associated 
MS conditions as well as lifestyle modification is certain. Pharma- 
cotherapy to reduce hepatic steatosis, necroinflammation, or 
fibrosis is under investigation and may soon play a role in treat- 
ment. The treatments currently available and under investigation 
will be discussed here. 
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Associated Conditions 


The association of NAFLD with MS has been well established, 
and patients with multiple components of MS are at greater risk 
of NASH. MS is defined by a person having three of the following 
conditions: (1) abdominal obesity, (2) elevated levels of serum 
triglycerides, (3) low HDL cholesterol level, (4) elevated blood 
pressure (hypertension), or (5) elevated fasting blood glucose 
level.’ The prevalence of obesity is increasing globally, with an 
estimated one third of adults (78.6 million) in the United States 
and an estimated 500 million adults worldwide being defined as 
obese.*” Similarly, the diagnosis of diabetes mellitus (DM) has 
also increased, with a prevalence of 9.3% (29.1 million) in the 
United States in 2012, and there are another 8.1 million people 
thought to have undiagnosed diabetes. Both obesity and DM as 
components of MS predict an increased risk of cardiovascular 
disease, and NAFLD, as the hepatic manifestation of MS, is also 
associated with increased risk of cardiovascular disease.° DM 
patients have NAFLD, NASH, and advanced fibrosis at rates 
reported as high as 87%, 69%, and 50% respectively,” all of 
which are significantly greater than in the general population. 
NAFLD rates are high among the very morbidly obese. A study 
of bariatric surgery patients reported a prevalence of NAFLD and 
NASH as high as 91% and 31% respectively.” Other comorbid 
conditions that have been associated with NAFLD include 
obstructive sleep apnea, hypothyroidism, and vitamin D defi- 
ciency.'' In 2011 Barchetta et al.'* demonstrated the rate of 
vitamin D deficiency was increased in patients with NAFLD 
compared with otherwise healthy individuals of the same sex and 
age. Hypothyroidism has been well known to be associated with 
DM, obesity, and MS,” and recent evidence suggests a link 
between hypothyroidism and NAFLD.'* Other studies have 
shown that subclinical hypothyroidism is a risk factor for NAFLD 
as it predisposes an individual to hypertriglyceridemia and insulin 
resistance (IR).” It is unknown if treatment of either hypothy- 
roidism or vitamin D deficiency modifies disease in NAFLD, but 
as they are easily treatable, they are an attractive treatment target. 


Treatment 


The mainstay of treatment of NAFLD continues to be lifestyle 
modifications that include diet and exercise with the ultimate 
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goal of sustained weight loss and improved metabolic param- 
eters as demonstrated by a decreased BMI and waist circumfer- 
ence with improved glycemic control, IR, and hyperlipidemia/ 
hypertriglyceridemia. Bariatric surgery and pharmacotherapy 
have also been explored as viable options to improve metabolic 
parameters, hepatic histologic features (evidenced by a decrease 
in NAFLD activity score [NAS], steatosis, and lobular inflam- 
mation), and ultimately clinical outcomes in this difficult-to-treat 
disease. 


Lifestyle Modifications 


Dietary modifications alone have been shown to be beneficial in 
the treatment of NAFLD, but good short-term success has not 
been shown to translate into sustained weight loss over time. 
Weight reduction is the ultimate goal of most lifestyle modifica- 
tion programs, and sustained weight loss has been correlated to 
improved hepatic histologic features and laboratory parameters 
with a decrease in or normalization of serum ALT, AST, fasting 
glucose, fasting insulin, triglyceride, and free fatty acids levels. A 
well-conducted prospective randomized study of 31 NASH 
patients demonstrated that intensive lifestyle modification with 
diet and exercise produced a 9.3% reduction in body weight 
compared with 0.2% in the control group and resulted in signifi- 
cant reduction in hepatic necroinflammation as determined by 
the NAS." 

A subsequent larger prospective study of 293 biopsy-proven 
NASH patients who underwent 52 weeks of lifestyle modification 
confirmed the benefits of weight loss with regard to hepatic his- 
tologic features. All of those who lost 10% or more of their body 
weight showed reductions in the NAS and 90% of these individu- 
als showed resolution of NASH, with 45% showing regression of 
fibrosis.” Unfortunately, only 30% of patients lost 5% or more 
of their body weight, although even a 5% weight loss was associ- 
ated with 2-point reduction in the NAS in 82% of patients. This 
suggests that moderate weight loss, although difficult to achieve, 
results in relief of NAFLD in most individuals. 

Other studies have also shown histologic benefits with weight 
loss in NAFLD patients,'*”” and a meta-analysis of eight random- 
ized controlled trials (RCTs) suggested that weight loss of 5% or 
more reduced hepatic steatosis and weight loss of 7% or more 
reduced the NAS.” In total, these studies suggest that sustained 
weight loss on the order of 5% to 10% of body weight is effective 
in treating NASH, with the caveat that intensive intervention and 
long-term follow-up were involved in all of these trials. It is dis- 
couraging that even in the context of a clinical trial with close 
follow-up, only a minority of individuals (30% in the largest 
study) successfully lost 5% to 10% of their body weight at 1 year 
of follow-up. Data are lacking for longer-term studies in NAFLD 
patients to ascertain the feasibility of sustained weight loss, but 
multiple large studies have demonstrated maintaining weight loss 
over multiple years is an elusive goal, with only approximately 
20% of individuals able to maintain significant long-term weight 
loss defined by 5 kg or more at 5 years.”' Despite maintained 
weight loss failures, recent evidence suggests the number of clini- 
cal encounters improves weight reduction and that more frequent 
clinic visits appear to correlate with weight loss success.” 

Although weight loss is generally the goal of most lifestyle 
modification trials, low-carbohydrate or low-fat diets are alterna- 
tive approaches that have been investigated with and without 
caloric reduction. One small study demonstrated that decreasing 
daily caloric and carbohydrate intake in individuals with NAFLD 
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increased hepatic insulin sensitivity and decreased intrahepatic 
triglyceride concentration.” A longer study comparing reduced- 
fat and reduced-carbohydrate diets demonstrated similar reduc- 
tions between the groups in intrahepatic lipid content as measured 
by spectroscopy.” These and other studies have suggested that 
overall caloric reduction rather than either a low-carbohydrate or 
low-fat diet predicted improvements in hepatic histologic features. 

Specific macronutrient composition may also be important in 
addition to net calories consumed as diets high in saturated fatty 
acids have been shown to be an independent risk factor for the 
development of fatty liver disease.” Conversely, diets high in 
polyunsaturated fatty acids (PUFAs) and monounsaturated fatty 
acids have been associated with NAFLD reduction. The Mediter- 
ranean diet, high in monounsaturated fatty acids, has been shown 
to reduce cardiovascular disease and has been associated with 
decreased IR and lower alanine aminotransferase (ALT) levels in 
obese individuals with type 2 diabetes.” A more recent study by 
Ryan et al.” showed increased insulin sensitivity and decreased 
hepatic steatosis after just 6 weeks of adherence to the Mediter- 
ranean diet. Similarly, a 2014 study by Kontogianni et al.” 
showed a decrease in the severity of NAFLD in those who adhered 
to the Mediterranean diet.” Although these data are encouraging, 
further study is needed to determine if the Mediterranean diet 
reduces hepatic fibrosis or improves outcomes in NAFLD patients. 

PUFAs have also shown potential benefit in NAFLD popula- 
tions, with a 2012 meta-analysis demonstrating significant reduc- 
tion in hepatic steatosis with PUFA supplementation.” This was 
also supported by a double-blind randomized placebo-controlled 
trial where 3 g of n-3 fish oil daily reduced hepatic steatosis but 
not the NAS.” Further evidence beyond isolated steatosis reduc- 
tion is required before the Mediterranean diet or PUFA supple- 
mentation can be recommended as primary NAFLD therapy. 

The intake of fructose has also been associated with activation 
of stress response kinases that leads to hepatic inflammation, 
apoptosis, fibrosis and down-regulation of hepatic insulin signal- 
ing.’ Both animal and human models have associated fructose 
consumption with NAFLD and NASH, leading to the idea that 
dietary restriction of fructose may prove a useful adjunct to more 
conventional treatments. Limiting high-fructose corn syrup intake 
is thought to be beneficial as numerous studies have demonstrated 
an association between fructose intake and NASH, although pro- 
spective treatment trials are lacking.” Alternatively, some 
authors have suggested that excessive calories rather than specifi- 
cally fructose are the culprit,“ and current recommendations 
include limiting dietary fructose in NAFLD patients within the 
context of overall caloric reduction. 

Caffeinated coffee intake is a unique dietary adjunct that has 
been associated with decreased hepatic fibrosis in NASH patients” 
as well as a 40% decreased incidence of hepatocellular carcinoma 
in NAFLD and viral hepatitis.” It is uncertain what components 
provide the apparent antiinflammatory, antioxidant, and antifi- 
brotic properties specific to caffeinated drip coffee as these benefits 
have not been associated with decaffeinated coffee, tea, or 
espresso.” ” In the absence of prospective data, it is reasonable to 
encourage the drinking of one cup to two cups of caffeinated drip 
coffee daily by NAFLD patients as an adjunct to other lifestyle 


modification. 


Exercise 


Globally decreased levels of physical activity have contributed to 
increased rates of obesity as well as NAFLD, and interventions 
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that include exercise either alone or in combination with dietary 
modification are a logical treatment approach as exercise has been 
shown to decrease IR and improve metabolic parameters (improved 
oral glucose tolerance test, fasting serum glucose, and increased 
insulin sensitivity with decreased lipogenesis and intrahepatic 
lipid concentrations) associated with NAFLD.“°“' A systematic 
review and meta-analysis by Keating et al.’ demonstrated that 
exercise alone decreases the amount of intrahepatic fat, regardless 
of achieving weight loss. A subsequent RCT assessed four lifestyle 
modification approaches in biopsy-proven NAFLD patients: 
standard-of-care diet education, moderate exercise alone, low-fat 
diet with moderate exercise, and moderate-fat and low- 
carbohydrate diet for 6 months.“ The study, although limited by 
low overall numbers, found improvement in liver histologic fea- 
tures in all patients who modified their lifestyle regardless of the 
group, suggesting no one approach was superior. Programs using 
resistance training independent of weight loss also have shown 
benefit, with even 8 weeks of resistance training demonstrating 
decreased IR as well as hepatic steatosis.** Additional RCTs are 
needed in regard to developing optimal exercise programs best 
suited to improve NASH histologic features, but adequate evi- 
dence exists to encourage exercise as a component of any NAFLD 
treatment regimen. 


Bariatric Surgery 


Bariatric surgery is a weight loss treatment option for morbidly 
obese individuals in whom conservative measures have failed. 
Weight loss from bariatric surgery has been shown to decrease the 
incidence of DM,” the incidence of cardiovascular disease, and 
overall mortality.” In addition to sustained weight loss, bariatric 
surgery was noted to decrease hepatic steatosis, inflammation, and 
fibrosis by 80% in patients with NAFLD.“ These findings were 
confirmed by a recent prospective study confirming resolution of 
NASH in 85% of the patient population 1 year after bariatric 
surgery. Reduction of fibrosis was mainly confined to those with 
mild fibrosis before surgery, and patients with advanced fibrosis 
(stage 3-4) showed minimal reduction“ Other studies showed 
various degrees of reduction of NAFLD with bariatric surgery, 
and the conclusions from a systematic review and meta-analysis 
were that bariatric surgery reduced or completely resolved hepatic 
steatosis and steatohepatitis in most patients.“ Of note, a 2010 
Cochrane database review concluded that the benefits associated 
with bariatric surgery for the treatment of NASH were limited 
because of the lack of RCTs and unbiased data.” Similarly, the 
2012 guidelines of the American Gastroenterological Association, 
the American Association for the Study of Liver Diseases, and the 
American College of Gastroenterology caution against the use of 
bariatric surgery as a first-line treatment for NAFLD given the 
invasive nature of the intervention and the significant cost and 
risk of complications.” Current consensus limits bariatric surgery 
referral to obese NASH patients with comorbid conditions that 
would also benefit from the surgery. 


Phlebotomy 


Dysmetabolic iron overload syndrome refers to hyperferritinemia 
and hepatic iron deposition commonly seen in fatty liver disease. 
Phlebotomy offers a potential alternative approach to reverse liver 
damage seen in NAFLD patients with hyperferritinemia. Con- 
trolled iron depletion was initially shown to increase insulin sen- 
sitivity, decrease ALT levels, and improve liver histologic features, 


although these studies were limited because of the lack of random- 
ized controls.” Only two RCTs have been performed evaluating 
the efficacy of phlebotomy in the treatment of NAFLD. Valenti 
et al.” revealed venesection reduced hepatic steatosis but failed to 
decrease necroinflammation or hepatocyte ballooning. The second 
study, by Adams et al.” revealed no decrease in steatosis or IR 
with phlebotomy but was limited by lack of follow-up histologic 
assessment. Additional RCTs are needed before phlebotomy can 
be recommended as a standard modality in the management of 


NAFLD. 


Pharmacologic Treatment 


Despite ongoing efforts to develop pharmacotherapy for the treat- 
ment of NAFLD and NASH, there are currently no medications 
approved by the U.S. Food and Drug Administration for the 
treatment of NAFLD. Many medications have proved disappoint- 
ing despite preliminary promising data, and others are still under 
active investigation. 


Insulin-Sensitizing Medications 


A logical target of therapy in NAFLD is those medications that 
decrease IR, and this class of medications remains the most 
studied to date. Treatment of IR with metformin, a biguanide 
that decreases hepatic glucose levels and up-regulates insulin sen- 
sitivity, was hypothesized to improve hepatic function and prevent 
NAFLD. Numerous studies of various sizes and quality with 
both biochemical and histologic end points have been conducted 
using metformin for testament of NAFLD, with disappointing 
results. Two meta-analyses of metformin in NAFLD revealed 
no difference in liver histologic features of NASH patients who 
underwent metformin treatment alone.’ This lack of efficacy 
appears to extend to pediatric populations, where the Treatment 
of NAFLD in Children (TONIC) trial revealed no change in 
liver histologic features or aminotransferase levels with the use 
of metformin.” There has been preliminary evidence supporting 
metformin’s role in the prevention of hepatocellular carcinoma, 
and further study is required to assess metformin’s role for this 
indication.”*” 

Thiazolidinediones (TZDs) have shown promise in the treat- 
ment of NASH as a peroxisome proliferator—activated receptor 
agonist by reducing the amount of hepatic fat and inflamma- 
tion and increasing insulin sensitivity. TZDs were first evalu- 
ated for the treatment of NASH in 2001 by Caldwell et al. 
where troglitazone use improved serum aminotransferase levels 
in NAFLD. Subsequent large well-designed studies showed con- 
sistent reduction of hepatic steatosis and necroinflammation but 
variable reduction of fibrosis with other TZDs (pioglitazone 
and rosiglitazone).°'® A meta-analysis confirmed that TZDs 
decreased hepatic necroinflammation and steatosis and slowed 
progression of but did not decrease fibrosis.“ The associated 
side effects of weight gain, myocardial ischemia, osteopenia, 
and black box warning of congestive heart failure exacerbation 
makes the long term use of TZDs solely for a NASH indica- 
tion difficult to recommend. The use of pioglitazone in diabetic 
NASH patients for improved glycemic control is reasonable to 
consider. 

Dipeptidyl peptidase 4 has been associated with NASH and is 
a membrane peptidase that causes deactivation of glucagon-like 
peptide 1 resulting in hepatic steatosis and IR.“ Dipeptidyl pep- 
tidase 4 inhibitors and glucagon-like peptide 1 analogs have been 
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developed as a novel treatment for DM.” Liraglutide is approved 
by the Food and Drug Administration for treatment of obesity 
and in one phase 2 trial has been shown in diabetic patients to 
reduce ALT levels and possibly steatosis. A more recent small 
phase 2 study from four centers in the United Kingdom compar- 
ing 26 liraglutide patients with 26 placebo patients showed his- 
tologic improvement in the liraglutide arm compared with the 
placebo arm. Larger RCTs with histologic end points are necessary 
to confirm this benefit.” 


Antioxidants 


Medications targeting the generation of reactive oxygen species 
with the goal of reducing oxidative stress are classified as antioxi- 
dants and are another potential therapeutic target for NAFLD 
patients. Vitamin E, vitamin C, and betaine have all been studied 
in NAFLD populations, with the most robust evidence to date 
supporting the use of vitamin E. Pilot trials as well as larger RCTs 
have demonstrated a benefit from vitamin E therapy compared 
with placebo or even pioglitazone therapy, particularly in regard 
to steatosis and necroinflammation.” Generally, no beneficial 
effect on fibrosis has been demonstrated, and this medication did 
not show utility in the aforementioned pediatric study comparing 
metformin, vitamin E, and placebo. Widespread use of vitamin 
E at the high dosages used in most clinical trials (600-1000 IU/ 
day, average dose of 800 IU/day) has been limited by evidence 
suggesting negative effects on cardiovascular health, all-cause mor- 
tality, and prostate cancer. Diabetic populations appear particu- 
larly at risk of cardiovascular disease, which likely explains the 
recommendation in the guidelines of the American Gastroentero- 
logical Association, the American Association for the Study of 
Liver Diseases, and the American College of Gastroenterology to 
be cautious when one is using vitamin E in diabetic NAFLD 
patients. 


Cytoprotective Agents 


Medications designed to prevent apoptosis and down-regulate the 
inflammatory cascade have also been investigated, with mixed 
results. Ursodeoxycholic acid (UDCA) was proven to be no better 
than placebo in a large RCT, although a meta-analysis showed 
modest benefit from a heterogeneous group of studies using 
various methods, dosing regimens, and outcomes.”” UDCA is not 
recommended in the guidelines of the American Gastroentero- 
logical Association, the American Association for the Study of 
Liver Diseases, and the American College of Gastroenterology. 
Alternatively, further study with pentoxifylline is ongoing, with 
pooled data from well-designed RCTs showing moderate histo- 
logic improvement in NASH patients receiving pentoxifylline 
compared with placebo.” 


Statins 


Medications designed to reduce serum low-density lipoprotein 
cholesterol and total cholesterol have also been evaluated in 
NAFLD populations. Pilot trials using inhibitors of 3-hydroxy-3- 
methylglutaryl-coenzyme A reductase, or statins, have demon- 
strated modest histologic benefit, with larger studies using serum 
aminotransferases as an imperfect surrogate.” Limited data also 
exit for ezetimibe. At this juncture it is reasonable to target hyper- 
lipidemia in NAFLD patients with these agents but they cannot 
be recommended outright for NAFLD. 


Weight Loss Medications 


Orlistat is an inhibitor of pancreatic lipase and thus fat absorption 
in the gut. It has been studied as a treatment for NASH and has 
been shown to be effective only in the setting of sustained weight 
loss of at least 9%.” In the last 2 years the Food and Drug Admin- 
istration has approved several other medications for weight loss, 
including lorcaserin and phentermine-topiramate, that have not 
been studied in NAFLD populations. 


Novel Approaches 


Angiotensin-receptor blockers have been shown to have antifi- 
brotic properties in animal studies, which has led to considerable 
optimism that these agents that have proven useful in a variety 
of diseases ranging from congestive heart failure to kidney disease 
will work for NASH. Unfortunately, outside several animal trials 
and one human pilot trial, the results have been disappointing.” 

Agents targeting bile acid metabolism are an exciting and novel 
treatment target given their importance in lipid and liver homeo- 
stasis.” The farnesoid X receptor agonist obeticholic acid was 
recently shown to improve NASH histologic features in a large 
RCT.” That study was terminated early because of the benefit seen 
in an interim analysis but longer-term efficacy and safety data are 
needed, given some issues with pruritus and increased LDL choles- 
terol levels. A larger phase 3 study (REGENERATE trial) is ongoing 
and will address cardiovascular risk and provide longer-term out- 
comes data with this agent. The results of the REGENERATE trial 
with its 18 months to up to 5 years of follow-up will determine 
the future of this promising candidate for treatment of NASH. 

Multiple other agents are under investigation in large multi- 
center RCTs targeting a variety of pathways, including antifibrot- 
ics (simtuzumab) and antiinflammatory and metabolic agents 
(elafibranor, aramchol, cenicriviroc). These long-term studies are 
a minimum of 1 year in length, with many including 5-year end 
points to effectively determine if they produce an improvement 
in outcomes without significant side effects. 

Recently published data in a large international RCT with two 
doses of elafibranor and placebo showed mixed results, with a 
failure to reach the primary end point of resolution of NASH 
without fibrosis worsening.” However, a post hoc analysis showed 
the higher-dose elafibranor (120 mg daily) resolved NASH more 
frequently than placebo (19% vs. 12%, p = 0.045) and was well 
tolerated, with a low side effect profile. 


Conclusion 


‘The obesity epidemic has resulted in increased prevalence of MS with 
a subsequent increase in the rates of NAFLD as the hepatic manifesta- 
tion of MS. Current therapy includes treatment of any associated MS 
conditions, including hyperlipidemia, DM, and obesity, for all 
patients with NAFLD. The mainstay of NAFLD and NASH treat- 
ment continues to be lifestyle modification using a multimodality 
approach of caloric reduction and increased exercise (Fig. 27-1). Caf- 
feinated drip coffee is likely beneficial in a dosage of two to three cups 
daily. Although numerous medications have been studied for NASH 
patients as those with the greatest potential for disease progression, 
the available options are quite limited. Vitamin E in nondiabetic 
patients can be considered as can pioglitazone in diabetic patients 
without cardiovascular disease. Newer agents are under investiga- 
tion (Fig. 27-2), and in the next 2 to 3 years there will likely be 
more treatment options for this common liver disease. 
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Isolated tatty liverdiceuse e No increased risk of liver-related morbidity/death 


NASH 


SIRONEN Specific Diseases 


Nondiabetic patient with < stage 2 fibrosis: 


e 1—2 cups of coffee daily 

e Dietary modification (increased PUFA/MUFA) and exercise 
e Weight loss of 20% of total body weight 

e Treat hyperlipidemia with a statin or ezetimibe 


Consider: 

e Vitamin E 800 IU daily 

e Orlistat, lorcaserin, or phentermine-topiramate as an adjunct for weight loss 
e Clinical trials 


Nondiabetic patient with > stage 2 fibrosis: 


e 1—2 cups of coffee daily 

e Dietary modification (increased PUFA/MUFA) and exercise 
e 5-10% of total body weight 

e Treat hyperlipidemia with a statin or ezetimibe 


Consider: 

e Vitamin E 800 IU daily 

e Orlistat, lorcaserin, or phentermine-topiramate as an adjunct for weight loss 
e Bariatric surgery if comorbidities 

e Clinical trials 


Diabetic patient with any stage of fibrosis: 


e 1—2 cups of coffee daily 

e Dietary modification (increased PUFA/MUFA) and exercise 
e Weight loss of 20% of total body weight 

e Treat hyperlipidemia with a statin or ezetimibe 


Consider: 

e Metformin, pioglitazone, or rosiglitazone 

e Exenatide or liraglutide (as treatment for diabetes) 

e Orlistat, lorcaserin, or phentermine-topiramate as an adjunct for weight loss 
e Bariatric surgery if comorbidities 

e Clinical trials 


Investigational Medications: 


e Simtuzumab 
e Antifibrotic 


e Antiinflammatory/Metabolic 
e Elafibranor 
e Aramchol 
e Cenicriviroc 


e Obeticholic acid 
(not commercially available) 


More research needed prior to 
recommending: 


e Pentoxyfylline 
e ARBS 
e Vitamin C 


e Betaine 


e Fig. 27-1 Treatment of nonalcoholic fatty liver disease (NAFLD) based on liver histologic features. 
ARBS, angiotensin Il receptor blockers; MUFA, monounsaturated fatty acid; NASH, nonalcoholic steato- 


hepatitis; PUFA, polyunsaturated fatty acid. 
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4 Triglycerides 


e Dietary modifications 
e Decreased fructose 
e Increased PUFAs 


??ARBs 


e Increased MUFAs 

e Decreased SFAs Hy} |e TZDs 

e Improved HLD e Metformin 
e Ezetimibe e Exercise 
e Orlistat 
e Statins 


e Obeticolic acid 


e Coffee 
e Vitamin E 
e Vitamin C 
e Betaine 
e ??TZDs 


Investigational medications 
e Antifibrotic 
e Simtuzumab 
e Antiinflammatory/metabolic 
e Elafibranor 
e Aramchol 
e Cenicrviroc 


FXR 
¥ Adiponectic Z 


ATNF-o H Pentoxyfylline 


Obeticholic acid 


A FFA 


e Lifestyle modifications 
e Dietary modifications 
e Weight loss 
e Exercise 
e Medications associated with 
weight loss 
e Exenatide 
e Liraglutide 
e Orlistat 
e Lorcaserin 
e Phentermine-topiramate 
e Bariatric surgery 


e Fig. 27-2 Treatment of nonalcoholic steatohepatitis. ARBs, angiotensin Il receptor blockers; FFA, free 
fatty acid; FXR, farnesoid X receptor; HLD, high-density lipoprotein; WUFAs, monounsaturated fatty acids; 
PUFAs, polyunsaturated fatty acids; SFAs, saturated fatty acids; TNF-a, tumor necrosis factor a; TZDs, 


thiazolidinediones. 


SUMMARY 


Recent Progress 

e The mainstay of NAFLD treatment continues to be lifestyle modification, 
with weight loss of 5% to 10% leading to improvements in NAFLD 
histopathologic features. The more weight lost, the greater the 
improvement. 

e One cup to two cups of caffeinated drip coffee can be recommended as 
an adjunct to lifestyle modification for treatment of NAFLD. 

e TZDs are of benefit in NASH but have significant side effects, including 
weight gain, potential congestive heart failure exacerbation, and 
osteoporosis, that limit their use in clinical practice. 

e Antioxidants such as vitamin E are likely safe in nondiabetic patients but 
are of modest benefit, and although guidelines recommend use of high 
dose vitamin E (800 IU/day) therapy in such patients, we recommend low 
dosage (400 IU/day). 

e Bariatric surgery continues to be an effective treatment to consider for 
NASH with comorbid conditions that would warrant the morbidity and 
potential mortality of an invasive surgery. 


Key Knowledge Gaps 

e Specific macronutrient composition such as a diets high in PUFAs or 
limiting fructose intake requires further investigation as a potential 
treatment for NAFLD. 


References 


The optimal exercise program for treatment of NAFLD has not been 
established, and large RCTs are required to clarify the duration and type 
of exercise that is the most beneficial. 

Dipeptidy! peptidase 4 inhibitors and glucagon-like peptide 1 analogs 
have shown preliminary benefit in NASH but further study is need to 
confirm their efficacy. 

Newly approved weight loss medications such as lorcaserin and 
phentermine-topiramate have yet to be studied for their efficacy 

in NASH. 


Future Directions 


Obeticholic acid, a farnesoid X receptor agonist, has shown preliminary 
efficacy in NASH and is a leading candidate drug. Study is ongoing to 
determine if the effect of obeticholic acid on lipid profiles is of clinical 
significance and if this will limit the utility of this therapeutic agent in 
NASH. 

Multiple other agents are under study, with eagerly anticipated results 
from large RCTs including antifibrotic agents (simtuzumab) and 
antiinflammatory and metabolic agents (elafibranor, aramchol, 
cenicriviroc). 


The complete reference list can be found at www.expertconsult.com 


CHAPTER 27 Management of Nonalcoholic Fatty Liver Disease and Metabolic Syndrome 


References 


1. 


11. 


12. 


13, 


14. 


15. 


16. 


17, 


18. 


19. 


20. 


21. 


Torres DM, Harrison SA: Nonalcoholic fatty liver disease. In 
Feldman M, Friedman LS, Brandt J, editors: Sleisenger and 
Fordtrans gastrointestinal and liver disease, ed 10, Philadelphia, 
2016, Saunders, pp 1428-1441. 

Corrado RL, Torres DM, Harrison SA: Review of treatment 
options for nonalcoholic fatty liver disease. Med Clin North Am 
98(1):55-72, 2014. 

National Institutes of Health, National Heart, Lung, and Blood 
Institute: Risk factor clustering and the metabolic syndrome. Avail- 
able at <http://www.nhlbi.nih.gov/health-pro/guidelines/current/ 
cardiovascular-health-pediatric-guidelines/full-report-chapter-12>. 
Ogden CL, et al: Prevalence of childhood and adult obesity in the 
United States, 2011-2012. JAMA 311(8):806-814, 2014. 
doi:10.1001/jama.2014.732. 

Finucane MM, et al: National, regional, and global trends in body- 
mass index since 1980: systemic analysis of health examination 
surveys and epidemiological studies with 960 country-years and 
9.1 million participants. Lancet 377:557—-567, 2011. 

Targher G, et al: Prevalence of nonalcoholic fatty liver disease and 
its association with cardiovascular disease in type 2 diabetic patients. 
Diabetes Care 30:1212-1218, 2007. 

Bazick J, et al: Clinical model for NASH and advanced fibrosis in 
adult patients with diabetes and NAFLD: guidelines for referral in 
NAFLD. Diabetes Care 38:1347-1355, 2015. 

Kwok R, et al: Screening diabetic patients for non-alcoholic fatty 
liver disease with controlled attenuation parameter and liver stiff- 
ness measurements: a prospective cohort study. Gut 2015. 
doi:10.1136/gutjnl-2015-309265. 

Prashanth M, et al: Prevalence of nonalcoholic fatty liver disease in 
patients with type 2 diabetes mellitus. J Assoc Physicians India 
57:205-210, 2009. 

Machado M, et al: Hepatic histology in obese patients undergoing 
bariatric surgery. J Hepatol 45:600-606, 2006. 

Kasapoqlu B, et al: Low vitamin D levels are associated with 
increased risk for fatty liver disease among non-obese adults. Clin 
Med 13(6):576-579, 2013. 

Barchetta I, et al: Strong association between nonalcoholic fatty 
liver disease (NAFLD) and low 25(OH) vitamin D levels in an 
adult population with normal serum liver enzymes. BMC Med 
9:85, 2011. 

Rochon C, et al: Response of glucose disposal to hyperinsulinemia 
in human hypothyroidism and hyperthyroidism. Clin Sci 104:7— 
15, 2003. 

Pagadala MR, et al: Prevalence of hypothyroidism in nonalcoholic 
fatty liver disease. Dig Dis Sci 57:528-534, 2012. 

Chung GE, et al: Non-alcoholic fatty liver disease across the spec- 
trum of hypothyroidism. J Hepatol 57(1):150-156, 2012. 
Promrat K, Kleiner DE, Niemeier HM: Randomized controlled 
trial testing the effects of weight loss in nonalcoholic steatohepati- 
tis. Hepatology 51(1):121-129, 2010. 

Vilar-Gomez E, et al: Weight loss through lifestyle modification 
significantly reduces features of nonalcoholic steatohepatitis. Gas- 
troenterology 149(2):367—-378, 2015. 

Harrison SA, et al: Orlistat for overweight subjects with nonalco- 
holic steatohepatitis: a randomized, prospective trial. Hepatology 
49(1):80-86, 2009. 

Huang MA, et al: One-year intense nutritional counseling results 
in histological improvement in patients with non-alcoholic steato- 
hepatitis: a pilot study. Am J Gastroenterol 100(5):1072-1081, 
2005. 

Musso G, et al: Impact of current treatments on liver disease, 
glucose metabolism and cardiovascular risk in non-alcoholic fatty 
liver disease (NAFLD): a systematic review and meta-analysis of 
randomized trials. Diabetologia 55(4):885—904, 2012. 

Wing RR, Phelan S: Long term weight loss maintenance. Am J 
Clin Nutr 82:2225-2255, 2005. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


29; 


30. 


31: 


352; 


33: 


34. 


35. 


36. 


37. 


38. 


39. 


40. 
ál. 


42. 


43. 


44. 


Dudekula A, et al: Weight loss in nonalcoholic fatty liver disease 
patients in an ambulatory care setting is largely unsuccessful but 
correlates to the frequency of clinic visits. PLoS ONE 9:e111808, 
2014. 

Kirk E, etal: Dietary fat and carbohydrates differentially alter 
insulin sensitivity during caloric restriction. Gastroenterology 
136:1552, 2009. 

Haufe S, et al: Randomized comparison of reduced fat and reduced 
carbohydrate hypocaloric diets on intrahepatic fat in overweight 
and obese human subjects. Hepatology 53(5):1504-1514, 2011. 
Vilar L, et al: High-fat diet: a trigger of non-alcoholic steatohepa- 
titis? Preliminary findings in obese subjects. Nutrition 24(11- 
12):1097-1102, 2008. 

Fraser A, et al: A modified Mediterranean diet is associated with 
the greatest reduction in alanine aminotransferase levels in obese 
type 2 diabetes patients: results of a quasi-randomized controlled 
trial. Diabetologia 51:1616-1622, 2008. 

Ryan MC, et al: The Mediterranean diet improves hepatic steatosis 
and insulin sensitivity in individuals with non-alcoholic fatty liver 
disease. J Hepatol 59(1):138-143, 2013. 

Kontogianni MD, et al: Adherence to the Mediterranean diet is 
associated with the severity of non-alcoholic fatty liver disease. Clin 
Nutr 33(4):678-683, 2014. 

Parker HM, et al: Omega-3 supplementation and non-alcoholic 
fatty liver disease: a systematic review and meta-analysis. J Hepatol 
56(4):944-951, 2012. 

Argo CK, et al: Effects of n-3 fish oil on metabolic and histologic 
parameters in NASH: a double-blind, randomized, placebo- 
controlled trial. J Hepatol 62(1):190-197, 2015. 

Basaranoglu M, et al: Fructose as a key player in the development 
of fatty liver disease. World J Gastroenterol 19(8):1166-1172, 2013. 
Abdelmalek MF et al: Increased fructose consumption is associated 
with fibrosis severity in patietns with nonalcoholic fatty liver 
disease. Hepatology 51:1961-1971, 2010. 

Basaranoglu M, et al: Fructose as a key player in the development 
of fatty liver disease. World J Gastroenterol 19(8):1166-1172, 2013. 
Chung M, et al: Fructose, high-fructose corn syrup, sucrose, and 
non-alcoholic fatty liver disease or indexes of liver health: a system- 
atic review and meta-analysis. Am J Clin Nutr 100(3):833-849, 
2014. 

Molloy JW, et al: Association of coffee and caffeine consumption 
with fatty liver disease, nonalcoholic steatohepatitis, and degree of 
hepatic fibrosis. Hepatology 55(2):429-436, 2012. 

Bravi F, et al: Coffee reduces risk for hepatocellular carcinoma: an 
updated meta-analysis. Clin Gastroenterol Hepatol 11:1413-1421, 
2013. 

Fukushima Y, et al: Effects of coffee on inflammatory cytokine gene 
expression in mice fed high-fat diets. J Agric Food Chem 57:11100- 
11105, 2009. 

Vitaglione P, et al: Coffee reduces liver damage in a rat model of 
steatohepatitis: the underlying mechanisms and the role of poly- 
phenols and melanoidins. Hepatology 52:1652-1661, 2010. 
Yamashita K, et al: Association of coffee consumption with serum 
adiponectin, leptin, inflammation and metabolic markers in Japa- 
nese workers: a cross-sectional study. Nutr Diabetes 2:33, 2012. 
Mager DR, et al: Dietary and physical activity patterns in children 
with fatty liver. Eur J Clin Nutr 64:628-635, 2010. 

Keating SE, et al: Exercise and non-alcoholic fatty liver disease: a 
systematic review and meta-analysis. J Hepatol 57:157-166, 2012. 
Eckard C, et al: Prospective histopathologic evaluation of lifestyle 
modification in nonalcoholic fatty liver disease: a randomized trial. 
Therap Adv Gastroenterol 6:249-259, 2013. 

Hallsworth K, et al: Resistance exercise reduced liver fat and its 
mediators in non-alcoholic fatty liver disease independent of 
weight loss. Gut 60(9):1278-1283, 2011. 

Courcoulas AP, et al: Surgical vs medical treatments for type 2 
diabetes mellitus: a randomized clinical trial. JAMA Surg 149(7): 
707-715, 2014. 


411.e2 


45 


46. 


47. 


48. 


49. 


50. 


51. 


D2; 


53. 


54. 


55. 


56. 


57. 


58. 


59. 


60. 


61. 


SRONA Specific Diseases 


. Sjöström L: Review of the key results from the Swedish Obese 
Subjects (SOS) trial—a prospective controlled intervention study 
of bariatric surgery. J Intern Med 273:219-234, 2013. 

Dixon JB, et al: Nonalcoholic fatty liver disease: Improvement in 
liver histological analysis with weight loss. Hepatology 39:1647— 
1654, 2004. 

Lassailly G, et al: Bariatric surgery reduces features of nonalcoholic 
steatohepatitis in morbidly obese patients. Gastroenterology 149 
(2):379-388, 2015. 

Mummadi RR, et al: Effect of bariatric surgery on nonalcoholic 
fatty liver disease: systematic review and meta-analysis. Clin Gas- 
troenterol Hepatol 6:1396-1402, 2008. 

Chavez-Tapia NC, et al: Bariatric surgery for non-alcoholic ste- 
atohepatitis in obese patients. Cochrane Database Syst Rev (1): 
CD007340, 2010. 

Chalasani N, et al: The diagnosis and management of nonalcoholic 
fatty liver disease: practice guidelines by the American Gastroen- 
terological Association, American Association for the Study of Liver 
Diseases, and the American College of Gastroenterology. Am J 
Gastroenterol 142:1592-1609, 2012. 

Valenti L, et al: Iron depletion by phlebotomy improves insulin 
resistance in patients with nonalcoholic fatty liver disease and 
hyperferritinemia: evidence from a case-control study. Am J Gas- 
troenterol 102:1251—1258, 2007. 

Valenti L, et al: Venesection for non-alcoholic fatty liver disease 
unresponsive to lifestyle counseling—a propensity score-adjusted 
observational study. QJM 104(2):141-149, 2011. 

Adams LA, et al: The impact of phlebotomy in nonalcoholic fatty 
liver disease: a prospective randomized controlled trial. Hepatology 
61(5):1555-1564, 2015. 

Valenti L, et al: A randomized trial of iron depletion in patients 
with nonalcoholic fatty liver disease and hyperferritinemia. World 
J Gastroenterol 20(11):3002-3010, 2014. 

Li Y, et al: Metformin in non-alcoholic fatty liver disease: a system- 
atic review and meta-analysis. Biomed Rep 1(1):57-64, 2013. 
Shyangdan D, Clar C, Ghouri N: Insulin sensitisers in the treat- 
ment of non-alcoholic fatty liver disease: a systematic review. 
Health Technol Assess 15(38):1-110, 2011. 

Lavine JE, et al: Effect of vitamin E or metformin for treatment of 
nonalcoholic fatty liver disease in children and adolescents: the 
TONIC randomized controlled trial. JAMA 305(16):1659-1668, 
2011. 

Chen HP, et al: Metformin decreases hepatocellular carcinoma risk 
in a dose-dependent manner: population-based and in vitro studies. 
Gut 62:606-615, 2013. 

Zhang ZJ, et al: Metformin for liver cancer prevention in patients 
with type 2 diabetes: a systematic review and meta-analysis. J Clin 
Endocrinol Metab 97:2347-2353, 2012. 

Caldwell SH, et al: A pilot study of a thiazolidinedione, trogli- 
tazone, in nonalcoholic steatohepatitis. Am J Gastroenterol 96(2): 
519-525, 2001. 

Ratziu V, et al: Rosiglitazone for nonalcoholic steatohepatitis: one- 
year results of the randomized placebo-controlled Fatty Liver 
Improvement with Rosiglitazone Therapy (FLIRT) trial. Gastroen- 
terology 135(1):100-110, 2008. 


62. 


63. 


64. 


65. 


66. 


67. 


68. 


69. 


70. 


vals 


72. 


Los 


74. 


75. 


76. 


Ti 


Belfort R, et al: A placebo-controlled trial of pioglitazone in sub- 
jects with nonalcoholic steatohepatitis. N Engl J Med 355(22):2297— 
2307, 2006. 

Torres DM, Harrison SA: Hepatic progenitor cells: Another piece 
in the nonalcoholic fatty liver disease puzzle. Hepatology 56(6): 
2013-2015, 2012. 

Musso G, et al: A meta-analysis of randomized trials for the treat- 
ment of nonalcoholic fatty liver disease. Hepatology 52:79-104, 
2010. 

Musso G, et al: Impact of current treatments on liver disease, 
glucose metabolism and cardiovascular risk in non-alcoholic fatty 
liver disease (NAFLD): a systematic review and meta-analysis of 
randomised trials. Diabetologia 55(4):885—904, 2012. 

Miyazaki M, et al: Increased hepatic expression of dipeptidyl 
peptidase-4 in non-alcoholic fatty liver disease and its association 
with insulin resistance and glucose metabolism. Mo/ Med Rep 
5:729-733, 2012. 

Liu J, et al: GLP-1 receptor agonists: effects on the progression of 
non-alcoholic fatty liver disease. Diabetes Metab Res Rev 31(4):329— 
335, 2015. 

Armstrong MJ, et al: Safety and efficacy of liraglutide in patients 
with type 2 diabetes and elevated liver enzymes: individual patients 
data meta-analysis of the LEAD program. Aliment Pharmacol Ther 
37:234-242, 2013. 

Armstrong MJ, et al: Liraglutide safety and efficacy in patients with 
non-alcoholic steatohepatitis (LEAN): a multicenter, double-blind, 
randomized, placebo-controlled phase 2 study. Lancet 387 
(10019):679-690, 2016. 

Xiang Z, et al: The role of ursodeoxycholic acid in non-alcoholic 
steatohepatitis: a systematic review. BMC Gastroenterol 13:140, 
2013. 

Du J, et al: Effects of pentoxyfylline on nonalcoholic fatty liver 
disease: a meta-analysis. World J Gastroenterol 20(2):569-577, 
2014. 

Tziomalos K: Lipid-lowering agents in the management of nonal- 
coholic fatty liver disease. World J Hepatol 6(10):738-744, 2014. 
Harrison SA, et al: Orlistat for overweight subjects with nonalco- 
holic steatohepatitis: a randomized, prospective trial. Hepatology 
49(1):80-86, 2009. 

De Macedo M, et al: The role of renin-angiotensin system modula- 
tion on treatment and prevention of liver diseases. Peptides 62:189- 
196, 2014. 

Ratziu V, Goodman Z, Sanyal A: Current efforts and trends in the 
treatment of NASH. J Hepatol 62:565-S75, 2015. 
Neuschwander-Tetri BA, et al: Farnesoid X nuclear receptor ligand 
obeticholic acid for non-cirrhotic, non-alcoholic steatohepatitis 
(FLINT): a multicentre, randomised, placebo-controlled trial. 
Lancet 385(9972):956—965, 2015. 

Ratziu V, etal: Elafibranor, an agonist of the peroxisome 
proliferator-activated receptor-o and 8, induces resolution of 
NASH without fibrosis worsening. Gastroenterology 150:1147— 
1159.e5, 2016. 


ABBREVIATIONS 


DAA directly acting antiviral agent 

HCV hepatitis C virus 

IFN interferon 

IL interleukin 

ISG interferon-stimulated gene 

NK natural killer 

RANTES regulated upon activation, normally T cell expressed, 
and presumably secreted 

RdRp RNA-dependent RNA polymerase 

TRAIL tumor necrosis factor-related apoptosis-inducing ligand 

Treg T-regulatory cell 


Introduction 


Hepatitis C virus (HCV) infection is a prominent cause of chronic 
hepatitis, liver cirrhosis, and hepatocellular carcinoma (HCC), 
with up to 185 million chronically infected individuals world- 
wide, most of whom are undiagnosed and untreated.'* A pro- 
tective vaccine is not available, and those who clear infection 
spontaneously or with treatment are susceptible to reinfection. 
The number of untreated patients presenting with long-term 
seqeula of chronic hepatitis C infection, including hepatocel- 
lular carcinoma, is expected to increase during the next decade.’ 
Recent advances in HCV therapeutics with the development and 
clinical application of directly acting antiviral agents (DAAs) have 
transformed HCV management in the developed world, although 
DAAs are not yet widely available worldwide. This chapter will 
provide an overview of the principles of HCV virology and the 
immunopathogenic mechanisms of disease. 


Overview of the Virion 


HCV was identified in 1989 as the most common etiologic agent 
of posttransfusion and sporadic non-A, non-B hepatitis, a clinical 
entity first reported in 1975.*” Despite difficulties propagating 
HCV infection in vitro, marked scientific progress has been made 
during the past 26 years with use of heterologous expression 
systems,” functional infectious complementary DNA clones in 
chimpanzees,’ the replicon system," retroviral pseudoparticles dis- 
playing functional HCV glycoproteins,’ and complete cell culture 


10-12 
systems. 
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HCV is classified in the genus Hepacivirus within the family 
Flaviviridae, which also includes yellow fever virus, dengue virus, 
and West Nile virus.” The genetic organization and polyprotein 
processing of HCV are illustrated in Fig. 28-1. HCV contains a 
9.6-kb positive-strand RNA genome composed of a 5’ noncoding 
region with an internal ribosome entry site, an open reading frame 
that encodes the structural and nonstructural proteins, and a 3’ 
noncoding region.” The structural proteins include the core and 
envelope glycoproteins El and E2, and the p7 viroporin. The 
nonstructural proteins include the NS2-3 and NS3-4A proteases, 
the NS3 RNA helicase, the NS4B and NS5A proteins, and the 
NS5B RNA-dependent RNA polymerase (RdRp). Infectious 
virus is associated with low-density and very low density lipopro- 
teins, as well as host apolipoproteins B, Cl, and E.'*'? HCV 
infection is a highly dynamic process, with an estimated serum 
HCV half-life of less than 1 hour, an estimated infected hepato- 
cyte half-life of approximately 1 week, and production and clear- 
ance of up to 10° virions per day in an infected individual.'"” 
High replicative activity and the lack of a proofreading function 
of the viral RdRp is the basis of the high genetic variability of 
HCV. HCV isolates are classified into genotypes and subtypes." 
The seven HCV genotypes differ in their nucleotide sequence by 
30% to 35%, and within an HCV genotype, subtypes (designated 
a, b, etc.) can be defined, and differ in nucleotide sequence by 
approximately 20%. Genotype distribution varies globally, and 
HCV genotype is associated with variable responses to interferon 
(IFN)-based and IFN-free treatment with DAAs. 


Model Systems 


The development of selectable subgenomic, dicistronic HCV 
RNA replicons, capable of autonomous replication in Huh-7 cells 
(a human hepatocyte-derived cellular carcinoma cell line) trans- 
formed opportunities to conduct HCV research (Fig. 28-2).* This 
model allows in vitro study of HCV RNA, genetic dissection of 
HCV RNA elements and proteins, and biochemical and ultra- 
structural characterization of the viral replication complex, and 
has facilitated the discovery and development of DAAs and the 
investigation of antiviral resistance in vitro.” Furthermore, it has 
been used to study interactions between viral and host cell com- 
ponents. A major breakthrough came with the discovery that a 
genotype 2a strain of virus, derived from a Japanese patient with 
a rare case of fulminant hepatitis and designated JFH-1 (for Japa- 
nese fulminant hepatitis 1), was able to replicate and release 
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e Fig. 28-1 Genetic organization and polyprotein processing of hepatitis C virus. The 9.6-kb positive- 
strand RNA genome is schematically depicted at the top. Simplified RNA secondary structures in the 5’ 
and 3’ noncoding regions (NCRs) and the core gene, as well as the NS5B stem-loop 3 cis-acting replica- 
tion element (5B-SL3), are shown. Internal ribosome entry site (IRES)-mediated translation yields a poly- 
protein precursor that is processed into the mature structural and nonstructural proteins. Amino acid 
numbers are shown above each protein (HCV H strain; genotype 1a; GenBank accession no. AF009606). 
Solid diamonds denote cleavages by the endoplasmic reticulum signal peptidase. The open diamond 
indicates further C-terminal processing of the core protein by signal peptide peptidase. Arrows indicate 
cleavages by the hepatitis C virus NS2-3 and NS3-4A proteases. Asterisks in the E1 and E2 regions 
indicate glycosylation of the envelope proteins. Polyprotein processing, illustrated here as a separate step 
for simplicity, occurs cotranslationally and posttranslationally. 


infectious particles in cell culture, which was subsequently also 
achieved with the H77 genotype la isolate,” facilitating studies 
to explore the viral life cycle.'*°? Cell culture—derived HCV par- 
ticles were found to be infectious in vivo in chimpanzees'””' and 
immunodeficient mice with chimeric human livers,” and viral 
inocula derived from these animal models were infectious for 
naive Huh-7 cells in vitro.” This enabled the study of the life cycle 
steps, including viral entry, genome packaging, virion assembly, 
maturation, and release. The challenge remains to develop in vivo 
and ex vivo models that mimic the natural environment of the 
liver, as primary HCV isolates show a poor ability to replicate in 
tissue culture.” 

Progress in the development of a small animal model of HCV 
replication has been achieved with the successful infection of 
immunodeficient mice reconstituted with human hepatocytes.” ?? 
Inoculation with serum from patients with hepatitis C results in 
persistent HCV viremia in mice with high-level human hepa- 
tocyte engraftment, with viral titers similar to those found in 
infected humans (Fig. 28-3).” This model has been used suc- 
cessfully to investigate the in vivo phenotype of specific muta- 
tions introduced into the HCV genome, selected aspects of viral 
pathogenesis, and neutralization of viral entry, and to evaluate 
novel antiviral strategies.” Table 28-1 summarizes the current 
model systems and the advantages and limitations of each of 
them. 


Structure and Function of the Viral Proteins 


The structures and membrane association of HCV proteins are 
illustrated in Figs. 28-4 and 28-5. 


Hepatitis C Virus Structural Proteins 


Core 


The first structural protein encoded by the HCV open reading 
frame is the core protein, which forms the viral nucleocapsid. The 
mature core is a dimeric O-helical membrane protein composed 
of two domains.” The association of the core with lipid droplets”??? 
and interaction with NS5A”’ play central roles in viral assembly. 
In addition, the interaction of the core with lipid droplets may 
affect lipid metabolism, contributing to the development of 
hepatic steatosis, particularly observed in patients with HCV 
genotype 3 infection.**”” 


Envelope Glycoproteins 


The envelope proteins El and E2 are glycosylated and form a 
noncoyalent heterodimer, which is believed to represent the build- 
ing block for the viral envelope. E1 and E2 are anchored to the 
endoplasmic reticulum membrane by C-terminal transmembrane 
domains, which are also involved in the heterodimerization and 
endoplasmic reticulum retention of the proteins.” Recent insights 
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e Fig. 28-2 Prototype subgenomic hepatitis C virus replicon. RNA is transcribed in vitro from a plasmid 
containing the hepatitis C virus (HCV) 5’ noncoding region (NCR), which harbors an internal ribosome 
entry site (IRES), followed by a neomycin (Neo) resistance cassette, a second heterologous IRES from 
encephalomyocarditis virus (EMCV), the HCV nonstructural region (NS3 to NS5B), and the HCV 3’ NCR. 
Huh-7 human hepatoma cells are subsequently transfected with RNA, followed by selection with G418 
of clones harboring autonomously replicating subgenomic HCV RNA. 


TABLE 
een Summary of Current Model Systems 


Subgenomic replicon Bicistronic RNA construct, in vitro cell Allows study of nonstructural proteins in the Lacks structural proteins, no 
line transfection model life cycle, crucial for DAA development infectious virus release, does 
(NS3-4A, NS5A, NS5B), amenable for study not recapitulate the entire 
of all HCV genotypes, capable of HCV life cycle 


autonomous replication 


HCV pseudotyped particles HIV/MLV-defective retroviral particles Allows study of HCV entry, attachment factors, No infectious particles, lacks 


expressing HCV E1/E2, in vitro receptors nonstructural HCV proteins, 
production using producer cell line does not allow study of the 
entire HCV life cycle 
Cell culture—derived HCV JFH1 genotype 2a clinical isolate, Can study the entire HCV life cycle, including A single unique Clinical isolate, 
replicates in vitro in cell lines entry, replication, assembly, and egress, questions of generalizable 
infectious in humanized mouse models and findings relative to clinical 
chimpanzees, can study genotypic chimeras isolates 
Primary human hepatocytes, /n vitro, nonimmortalized cell culture Innate immune signaling pathways intact, can Restricted levels of replication 
induced pluripotent stem models, support various levels of study the entire HCV life cycle and infection, poor 
Cells, human embryonic replication and infected cell replication of primary clinical 
stem cells frequencies isolates 
Chimpanzee, humanized In vivo infection models, multiple mouse /n vivo infection models, support entire HCV life Question of recapitulation of 
mouse models models with genetic expression of cycle and amenable for longitudinal study, human disease and 
HCV entry factors, or chimeric human afford study of genetic modulation of HCV generalizability of findings 
liver and/or immune systems genome 


DAA, Directly acting antiviral agent; HCV, hepatitis C virus; MLV, murine leukemia virus. 
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e Fig. 28-3 A small animal model of hepatitis C virus replication. Alb- 
uPA, Alb-uPA mice: transgenic mice produce an albumin (Alb) promoter- 
driven urokinase type plasminogen (uPA) activator, resulting in liver cell 
destruction and allowing for partial repopulation with human hepatocytes; 
SCID, severe combined immunodeficiency. 


into the structure and function of the El and E2 have been gained 
through crystal structure analysis.” >” The genes encoding E1 and 
E2 are notably variable. A hypervariable region (HVR) of approxi- 
mately 28 amino acids in the N-terminal domain of E2 has been 
termed hypervariable region I and differs by up to 80% among 
HCV isolates.“ 


p7 

p7 is a hydrophobic 63—amino acid polypeptide that is not 
required for RNA replication in vitro but is essential for the 
assembly and release of infectious HCV in vitro,“ "® potentially 
through interaction with NS5B and modulation of virion sphin- 
golipid content,“ as well as productive infection in vivo,“ although 
it is not incorporated into mature virions.“ 


Hepatitis C Virus Nonstructural Proteins 


NS2-3 Protease 


Cleavage of the polyprotein precursor at the NS2-NS3 junction 
is accomplished by a cysteine protease encoded by NS2, whose 
function is strongly enhanced by the N terminus of NS3.*° The 
NS2-3 protease itself is dispensable for RNA replication, but 
cleavage at this junction is essential.’ NS2 plays an essential 
role in HCV infectious virus assembly independently of its pro- 
tease activity, “°” which may involve a series of interactions with 
structural and other nonstructural viral proteins.” 


NS3-4A Protease Complex 


NS3 is a multifunctional protein that has proven to be a viable 
target for antiviral intervention.» The N terminus of NS3 and 
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the cofactor NS4A constitute the serine-type protease NS3-4A. 
NS3-4A can cleave and thereby inactivate select cellular proteins, 
including two crucial adaptor proteins in innate immune 
sensing—mitochondrial activating signaling protein (MAVS) 
(also known as CARDIF or IPS-1) and toll-interleukin (IL)-1 
receptor domain—containing adaptor molecule (TICAM1) induc- 
ing IFN-B, also known as TRIF,”* as well as T-cell protein tyrosine 
phosphatase,” thereby facilitating viral replication, persistence, 
and pathogenesis. The low substrate specificity of NS3-4A has 
made the development of NS3-4A-targeting therapy challenging. 
However, after NS3-4A-mediated cleavage, the product derived 
from the N-terminal fragment remains bound to the active site, 
blocking the enzyme. This feature has been utilized in the devel- 
opment of potent direct-acting antivirals (DAAs).'” 


NS4B 


NS4B is an integral membrane protein that induces the formation 
of the membranous web, a specific membrane alteration that 
serves as a scaffold for the HCV replication complex.‘ In addi- 
tion, NS4B harbors nucleoside triphosphatase activity” and may 
have a role in assembly of HCV virions.” 


NS5A 


NS5A is a membrane-associated phosphoprotein that plays an 
important role in modulating viral RNA replication and assembly 
of infectious particles.**°*° NS5A inhibitors have emerged as a 
potent class of medications that block the ability of the replication 
complex to regulate viral replication, and the assembly and release 
of viral particles.'*°° 


NS5B 


HCV replication proceeds via synthesis of a complementary 
negative-strand RNA using the genome as a template and the 
subsequent production of genomic positive-strand RNA from this 
negative-strand template. The enzyme responsible for both of 
these steps is the NS5B RdRp, which has a highly conserved active 
site. The NS5B RdRp has been extensively characterized and has 
a right-hand shape with a thumb, a palm, and finger domains.” 
NS5B has been proven to be a major target for antiviral 
intervention.” 


The Virus and Its Life Cycle 


HCV is highly restricted in its tropism, with human hepatocytes 

being the main target cell. Infection of B cells, dendritic cells, and 

other cell types has been reported, but this remains controversial. 

The life cycle of HCV includes: 

1. binding of the particle to a complex set of entry factors and 
internalization into the host cell 

2. cytoplasmic release of the viral RNA genome 

3. internal ribosome entry site—mediated translation and polypro- 
tein processing by cellular and viral proteases 

4, RNA replication 

5. packaging and assembly 

6. virion maturation and release from the hepatocyte (illustrated 

in Fig. 28-6). 

The first step to initiate infection is HCV cell entry. This is a 
complex, multistep process (Fig. 28-7). The virus enters the cell via 
clathrin-mediated endocytosis, with transit through an endosomal, 
low-pH compartment and endosomal membrane fusion.” Several 
host cell surface molecules, including CD81,”' scavenger receptor 
class B Type I,” and the tight junction proteins claudin 1” and 
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e Fig. 28-4 Structures and membrane association of hepatitis C virus proteins.'°°’'*’° Scissors indi- 
cate cleavages by the endoplasmic reticulum (ER) signal peptidase, except on the cytosolic side, where 
they indicate the processing of the core protein by signal peptide peptidase (SPP). The cyclic arrow 
denotes cleavage by the NS2-3 protease. Black arrows indicate processing by the NS3-4A protease. 
Known protein structures are shown as ribbon diagrams. The structures and the membrane bilayer are 
shown at the same scale. Proteins or protein segments of unresolved structure are represented as colored 
spheres or cylinders with their approximate sizes. From left to right the following are shown: (1) Core 
protein (red) includes two amphipathic a-helices connected by a hydrophobic loop (D2 domain’) and 
the E1 signal peptide (violet) cleaved by SPP. (2) E1-E2 glycoprotein heterodimer associated with the 
C-terminal transmembrane domains (yellow spots denote glycosylation of the envelope proteins). (3) tenta- 
tive representation of two p7 monomers within the electron microscopy structure of the hexameric p7 
ion channel.” A 180-degree rotation is applied between the two p7 monomers (violet). (4) NS2 catalytic 
domain (dimer subunits in blue and magenta; Protein Data Bank entry 2HD0”®) connected to their 
N-terminal membrane domains constituted of three putative transmembrane segments (Protein Data Bank 
entry 2UY0"). The active site residues His 143, Glu 163, and Cys 184 are represented as spheres. (5) 
NS3 serine protease domain (blue) associated with the central protease activation and the N-terminal 
transmembrane domains of NS4A (purple). The catalytic triad of the NS3 serine protease (His 57, Asp 
81, and Ser 139) is represented as magenta spheres. NS3 helicase domains |, Il, and Ill are shown in 
silver, red, and blue respectively. This representation of NS3 (derived from Protein Data Bank entry 
1CU1°”) indicates that the helicase domain can no longer interact with the NS3 protease domain when 
the latter is associated with the membrane through its amphipathic o-helix 11-21 (green) and the trans- 
membrane domain of NS4A (Biological Magnetic Resonance Data Bank entry 15580°”'). (6) NS4B with 
the N-terminal part, including two amphipathic a-helices, of which the second has the potential to traverse 
the membrane bilayer (Protein Data Bank entry 2KDR*”), the central part harboring multiple predicted 
transmembrane segments, and the C-terminal cytosolic part, including a predicted highly conserved o- 
helix and an amphipathic o-helix interacting in plane with the membrane (Protein Data Bank entry 2UXF*’°). 
(7) NS5A domain | dimer (Protein Data Bank entry 1ZH1°°°; subunits shown in magenta and ice blue), as 
well as intrinsically unfolded domains II and Ill." The N-terminal amphipathic o-helix in-plane mem- 
brane anchor (Protein Data Bank entry 1R7E3*°*; helices shown in red and blue) are shown in position 
relative to the phospholipid membrane (adapted from Tellinghuisen et al.*°°). (8) NS5B RNA-dependent 
RNA polymerase (RdRp) catalytic domain (Protein Data Bank entry 1GX6*°°) associated with the mem- 
brane via its C-terminal transmembrane segment (F. Penin, et al., unpublished data). The fingers, palm, 
and thumb subdomains of the catalytic domain are shown in blue, red, and green respectively. The cata- 
lytic site of the RdRp lies within the center of the cytosolic domain and the RNA template-binding cleft 
is located vertically on the right along the thumb subdomain B-loop (orange) and the C-terminal part of 
segment 545-562 (silver), connecting the cytosolic domain to the transmembrane segment (magenta). 
The membrane is represented as a simulated model of a 1-palmitoyl-2-oleoyl-3-sn-glycero-3-phosphol- 
choline (POPC) bilayer (obtained from D.P. Tieleman, htip://moose.bio.ucalgary.ca/). Polar heads and 
hydrophobic tails of phospholipids (stick structure) are shown in light yellow and light gray respectively. 
The positions of the NSSA in-plane membrane helices at the membrane interface, as well as the position 
of the transmembrane domain of NS5B, were deduced from molecular dynamics simulations in the POPC 
bilayer (Penin F, Brass V, et al. Structure and function of the membrane anchor domain of the hepatitis 
C virus nonstructural protein 5A. J Biol Chem 2004; 279(39):40835-40843). The positioning of the NS3-4A 
membrane segments and of the amphipathic a-helices in the core and NS4B are tentative. The figure 
was generated from the structure coordinates deposited in the Protein Data Bank with Visual Molecular 
Dynamics (http://www.ks.uiuc.edu/Research/vmd/) and rendered with POV-Ray (http://www. povray.org/). 
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e Fig. 28-5 Dynamic model for the membrane association and structural organization of hepatitis 
C virus NS3-4A. Translation of NS3 occurs at the membrane (Step 1). An amphipathic a-helix at the 
N terminus of NS3 folds on interaction with the membrane interface, followed by folding of the serine 
protease and helicase domains (Step 2). The hydrophobic N-terminal segment of NS4A is inserted 
into the membrane after processing at the NS3/NS4A site (Step 3). Complete folding and membrane 
association lock the serine protease in a strictly defined position onto the membrane (Step 4). At the 
same time, the helicase domain has to move away from the serine protease domain through a rotation 
of the linker segment connecting the two domains (Step 5). See http://ipcpdb.ibcp.fr/scripts/ibcp_ 
resources. php?lang=fr&evene=Videos for a video animation. (From Brass V, et al. Structural determinants 
for membrane association and dynamic organization of the hepatitis C virus NS3-4A complex. Proc Natl 
Acad Sci U S A 2008;105:14545-14550, with permission.) 
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e Fig. 28-6 Life cycle of hepatitis C virus. Virus binding and internalization (Step 1), cytoplasmic release 
and uncoating (Step 2), internal ribosome entry site (IRES)-mediated translation and polyprotein process- 
ing (Step 3), RNA replication (Step 4), packaging and assembly (Step 5), and virion maturation and 
release (Step 6). The topology of hepatitis C virus structural and nonstructural proteins at the endoplasmic 
reticulum (ER) membrane is shown schematically. Hepatitis C virus RNA replication occurs in a specific 
membrane alteration, the membranous web (MW). IRES-mediated translation and polyprotein processing 
and membranous web formation and RNA replication — illustrated here as separate steps for simplicity — 
may occur in a tightly coupled fashion. 
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e Fig. 28-7 Hepatitis C virus entry. Circulating infectious hepatitis C virus particles are associated with 
very low density lipoproteins (LP) and form lipoviroparticles. Virus binding to the cell surface and entry 
may involve glycosaminoglycans (GAG), low density lipoprotein receptor (LDLR), scavenger receptor class 
B Type | (SR-BI), the tetraspanin protein CD81, claudin 1 (CLDN1), and occludin (OCLN). Acidification of 
the endosome induces hepatitis C virus glycoprotein membrane fusion, leading to genome release. 


occludin,” have been identified as essential HCV co-receptors 
for entry.” These four factors are necessary and sufficient to allow 
HCV entry to all cells tested thus far. In addition to the four 
specific entry factors, low-density lipoprotein receptor” and 
glycosaminoglycans may serve as attachment factors that collect 
HCV particles for further targeting by co-receptors. HCV has 
also been suggested to undergo direct cell-to-cell transmission, 
with infection of hepatocytes in nonrandom clusters and reported 
dependence on host apolipoproteins, which may facilitate escape 
from neutralizing antibodies and promote viral persistence.”*** 
Following entry via receptor-mediated endocytosis, the HCV 
particle undergoes pH-dependent membrane fusion within an 
acidic endosomal compartment, releasing its RNA genome into 
the cytoplasm. Replication and posttranslational processing 
appear to occur in a membranous web made of HCV nonstruc- 
tural proteins and host cell proteins called the replication complex, 
located in close contact with perinuclear membranes. Formation 
of a membrane-associated replication complex, composed of viral 


proteins, replicating RNA, and altered cellular membranes, is a 
hallmark of all positive-strand RNA viruses investigated thus far 
(Fig. 28-8).°°* Viral RNA replication occurs in these webs where 
NS5B RdRp replicates the genome by the synthesis of negative- 
strand RNA, which serves as a template for synthesis of positive- 
strand RNA. Nascent positive-strand RNA genomes are then 
translated to produce new viral proteins, serve as templates for 
further RNA replication, or are assembled in infectious virions. 
Incorporation of viral RNA into nascent virions may be facilitated 
by HCV core on lipid droplets.” Lipid droplets and the very low 
density lipoprotein pathway have been found to play central roles 
in HCV assembly and release.*”***°*” Evidence indicates NS5A 
may function as a molecular switch between translation, replica- 
tion, and assembly, possibly by tethering the viral RNA to 
membranes,” and/or by providing a physical link between replica- 
tion complexes and viral assembly sites on lipid droplets. 
Additional host factors are involved in HCV replication. 
Cyclosporin A inhibits viral RNA accumulation in vitro, thereby 


e Fig. 28-8 Hepatitis C virus replication complex. 


° A, Low-power overview of a HuH-7 cell harboring 
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a subgenomic hepatitis C virus replicon. A distinct membrane alteration, named the membranous web 
(arrows), is found in the juxtanuclear region. Note the circumscript nature of this specific membrane 
alteration and the otherwise unaltered cellular organelles. Bar, 1 um. B, Higher magnification of a mem- 
branous web (arrows) composed of small vesicles embedded in a membrane matrix. Note the close 
association of the membranous web with the rough endoplasmic reticulum (ER). Bar, 500 nm. The mem- 
branous web harbors all hepatitis C virus nonstructural proteins and nascent viral RNA in HUH-7 cells 
harboring subgenomic replicons, and therefore represents the hepatitis C virus RNA replication complex. 


M, Mitochondrion; N, nucleus. 


associating cyclophilin B as critical for replication of HCV in 
vitro.” Cyclophilin A also plays an essential role in viral RNA 
replication and assembly through interactions with NS5A and 
NS2.”°* The microRNA miR-122 is required for and facilitates 
HCY replication, and targeting miR-122 im vivo in chimpanzees 
and humans results in inhibition of viral replication.” 

Each step of the HCV life cycle represents a theoretical target 
for antiviral intervention.’ The excellent efficacy and tolerability 
of oral DAAs targeting NS3, NS5A, and NS5B has removed 
much of the focus from injectable host-targeted agents. DAAs and 
current treatment strategies are discussed in Chapter 30. 


Pathogenesis of Hepatitis C Virus Infection 


Role of Innate and Adaptive Immunity 


The balance and interactions between HCV and host immunity 
defines the course of viral infection and disease pathogenesis. 
HCV is not considered directly cytopathic, and has developed 
immune evasion mechanisms to persist without typically inducing 
fulminant liver damage. The nature of the host response as it 
pertains to disease pathogenesis is influenced by a variety of host, 
environmental, and viral factors. Establishment of chronic infec- 
tion is likely the result of and is characterized by dysfunction of 
both innate and adaptive immune responses to HCV. 


Acute Hepatitis C Virus Infection 


Overview 

The IFN-mediated innate immune response plays a major role as 
a first line of defense against most invading pathogens. Any cell 
exposed to HCV can produce Type I and Type II IFNs through 
pattern recognition receptor—mediated detection of viral material, 
including antigen-presenting cells such as macrophages and den- 
dritic cells that may not be productively infected (Fig. 28-9). 
Activity of endogenous IFNs includes induction of an antiviral 
state in infected and bystander cells, as well as facilitation of 


activation and regulation of the cellular components of innate and 
adaptive immunity. In the setting of acute HCV infection, IFN 
production and signaling triggers a transcriptional cascade that 
results in up-regulation of hundreds of IFN-stimulated genes 
(ISGs), some with defined antiviral function and many more yet 
to be characterized.'°’'°’ The protein products of ISGs in turn 
may directly inhibit viral infection, as well as provide regulation 
of Type I and Type III IFN signaling. HCV is recognized by a 
variety of cellular pattern recognition receptors, such is retinoic 
acid-inducible gene I (RIG-I), melanoma differentiation— 
associated gene 5 (MDAS), protein kinase R (PKR), toll-like 
receptor 3 (TLR3), and toll-like receptor 7 (TLR7), and HCV 
proteins elaborate a variety of mechanisms to abrogate or impede 
the antiviral aspects of ISGs, thereby disrupting the intracellular 
IFN signaling cascade.'**!°° Acute HCV infection in humans is 
typically asymptomatic and thus challenging to study. A study of 
health care workers who developed acute HCV infection after 
needle stick exposure allowed characterization of viral and immune 
response during early infection.” HCV was observed to replicate 
rapidly, followed by a period of viral load stabilization, which may 
in part be due to viral interference by IFN. This was supported 
by liver gene expression analyses from chimpanzees in the early, 
acute phase of infection that revealed significant up-regulation of 
intrahepatic ISG expression associated with Type I and Type III 
IFNs.'°*""° In the late phase of acute infection, Type II IFN (IFN- 
Yy) predominated, following an increase in intrahepatic numbers 
of HCV-specific T cells and decreased HCV replication. In most 
humans who become chronically infected, after the initial rapid 
increase and plateau in viral load, viral load decreases but is not 
cleared, indicating host immunity exerts some degree of viral 
control without being adequate to result in clearance. 

The IFN response generated during acute infection also acti- 
vates natural killer (NK) cells, which account for most of the 
innate immune cells in human liver and include CD56°"*" and 
CD56‘ subsets.''' NK cells can confer both cytolytic effects 
(e.g., expression of the tumor necrosis factor—related apoptosis- 
inducing ligand [TRAIL]) and noncytolytic effects (e.g., secretion 
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e Fig. 28-9 Activation of Type | interferon and inflammatory cytokine transcription by toll-like receptor 
and retinoic acid-inducible gene l-like receptor signaling. Cell surface toll-like receptors (TLRs), 11899290 
endosomal TLRs, '°°'?°? and cytoplasmic retinoic acid-inducible gene | (RIG-l|like receptors (RIG-I, 
melanoma differentiation—associated gene 5 [MDAS5]) activate the interferon (IFN) regulatory factor 3 (IRF3)/ 
IFN regulatory factor 7 (IRF7) pathway, leading to Type | IFN production, and the nuclear factor xB (NF- 
«B)/AP1 pathway for inflammatory cytokine production. Hepatitis C virus NS38-4A protease can cleave 
IFN-B promoter stimulator 1 (IPS-1) and toll-interleukin-1 receptor domain-containing adaptor inducing 
IFN-B (TRIF), thereby inhibiting the TLR3 and RIG-I pathways. CARDIF, CARD adapter inducing IFN-B; 
MAVS, mitochondrial antiviral signaling protein; VISA, virus-induced signaling adapter. (Adapted from 
Kawai T, Akira S. TLR signaling. Semin Immunol 2007;19:24-32; and Garcia-Sastre A, Biron CA. Type 1 
interferons and the virus-host relationship: a lesson in detente. Science 2006;312:879-882.) 


of IFN-y). A genetic study identifying patients with a combina- 
tion of the inhibitory receptor KIR2DL3 and its group 1 HLA-C 
ligand who were resistant to chronic HCV infection supports the 
importance of NK cells in modulating the course of HCV infec- 
tion.''* NK-cell IFN-y production measured in peripheral blood 
mononuclear cells of HIV-positive patients has been shown to be 
significantly impaired, with dysregulated CD4 T cell-mediated 
stimulation of NK-cell IFN-y production and impaired IL-2 
response.''’ Furthermore, among patients with HIV and acute 
HCV infection, impaired anti-HCV activity of CD3°CD56* 
NK-like T cells has been demonstrated.'™“ 

Since 2009 it has been recognized that the host genotype of 
SNPs in the region with what was then known as the /L28B gene 
is strongly associated with clearance of acute HCV infection, 
response to IFN-based treatment, and the odds of reclearance 
after reinfection.'!”''°''? JL28B has since been renamed as JFNL3, 
and emergence of this genetic allelic difference is estimated to 
have occurred just before the out-of-Africa human migration.'”° 
Altered JFNI3 messenger RNA stability and the ability to func- 
tionally produce a novel ZFNL4 protein are mechanistic explana- 
tions for this phenotype.'*”'”* This endogenous IFN system is 
conserved in evolution to the level of amphibians," and may 
have evolved as a protective mechanism for infections occur- 
ring at epithelial surfaces.’ [FNL3/IFNL4 genotype has more 
recently been associated with NK-cell effector function, TRAIL 
up-regulation, and cytokine production, which in tandem may 
associate with modulating odds of spontaneous HCV clearance 
during acute infection.” 


Humoral Immunity 


Antibody responses to HCV can be detected within 7 to 8 weeks 
of infection,” and target multiple HCV proteins; however, most 
have no antiviral effect and are not associated with viral clear- 
ance.’ A small proportion of antibodies induced by HCV are 
neutralizing antibodies, and demonstrate antiviral activity by tar- 
geting the viral envelope glycoproteins and preventing virus entry 
into hepatocytes. Early studies in chimpanzees found that immune 
globulin enriched for HCV-specific antibodies prolonged the 
incubation period of acute HCV but did not affect the natural 
history of HCV infection when compared with immune globulins 
depleted of HCV antibodies.'” One study suggested that rapid 
production of neutralizing antibodies during the early stage of 
acute infection was associated with HCV clearance.'*’ Other evi- 
dence has suggested revamped interest in the role of humoral 
immunity, and broadly neutralizing antibodies in particular in 
resolution of HCV infection. A major area of research is focused 
on the origin, development, and maintenance of broadly neutral- 
izing antibodies in vitro. Identification of the factors that aid in 
the development and maintenance of broadly neutralizing anti- 
bodies in vivo is critical for the development of an effective 
vaccine.'*! 


Cellular Immunity 

By the late phase of acute infection, HCV-specific CD4* and 
CD8* T cells can be detected in peripheral blood and liver. Several 
studies have associated the presence of a vigorous and multispe- 
cific proliferative CD4* T-cell response against HCV proteins 
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e Fig. 28-10 Course of hepatitis C virus rechallenge in previously hepatitis C virus-immune chim- 
panzees after antibody-mediated T-cell depletion. A, Course of viremia (dotted line) and intrahepatic 
hepatitis C virus (HCV)-specific CD8 T-cell response (stacked bar graph) are shown after CD4 depletion 
and HCV reinoculation in chimpanzee CB0627. CD4 depletion resulted in persistent infection despite the 
detection of antiviral CD8 T-cell response. B, The kinetics of viremia in chimpanzee CB0556 is shown 
for three separate inoculations. Viremia persisted almost to day 140 in primary infection (orange shade), 
whereas it was rapidly terminated before day 28 during the secondary infection. During the third infection 
associated with CD8 depletion (dotted line), viremia persisted almost up to day 42 (twofold longer duration 
than secondary infection) until the return of CD8 T cells. GE, genome equivalents; /FN, interferon; SFC, 
spot forming colonies. (Data from Grakoui A, et al. HCV persistence and immune evasion in the absence 
of memory T cell help. Science 2003;302:659-662; and Shoukry NH, et al. Memory CD8+ T cells are 
required for protection from persistent hepatitis C virus infection. J Exo Med 2003;197:1645-1655.) 


with the outcome of acute HCV infection,'*”'*’ whereas others 


have not.” The role of a functional CD4 response is further sup- 
ported by the observation that among patients who inject drugs 
intravenously and have HCV infection who then became infected 
with HIV, a significant decrease in the titer and breadth of neu- 
tralizing antibody response was reported in patients with a CD4* 
T-cell count of less than 350/mL.'*”’ Expression of inhibitory 
cytokines and costimulatory ligands by antigen presenting cells in 
the hepatic immune milieu may impact the degree to which CD4* 
T cells are activated in acute infection.'**'” 

HCV-specific CD8 T cells targeting multiple viral proteins and 
epitopes identified with various class I HLA restriction elements 
have been detected.'** In HCV-infected chimpanzees an early and 
multispecific intrahepatic CD8 cytolytic T-cell response was asso- 
ciated with HCV clearance.” Moreover, CD8 T-cell depletion 


before HCV inoculation resulted in prolonged viremia until the 
return of CD8 T cells in previously HCV-immune chimpanzees'“! 
(Fig. 28-10, B). In another study a vigorous and broadly specific 
IFN-y-producing CD8 and CD4 T-cell response in the liver was 
associated with viral control.'“ These results suggest that CD8 T 
cells play a critical role in controlling HCV viremia in tandem 
with CD4 help. Similarly, CD8 T cell-specific expression of T-box 
21 (a transcription factor, also known as T-bet) was associated with 
spontaneous resolution of acute infection relative to lower T-box 
21 expression observed with progression to chronic infection. 
In HCV-infected patients, HCV-specific CD8 T cells have a 
highly activated phenotype during acute infection but are unable 
to perform antigen-specific effector function such as IFN-Y pro- 
duction, proliferation, or degranulation, a phenotype referred to 
as exhausted.'“*'“° This dysfunction appears to occur irrespective 


422 SECTION IV 


Specific Diseases 


of subsequent virologic outcome. In patients who subsequently 
clear viremia, CD8 T-cell dysfunction is resolved as HCV-specific 
CD8 T cells mature into protective CD127* memory cells in the 
presence of a functional CD4 T-cell response.'*° 

Host JFNZ3 and IFNL4 genotypes have been implicated in 
modulating the nature of the antiviral response during acute infec- 
tion, which could impact the odds of clearance.'*°'*” 


Chronic Hepatitis C Virus Infection 


Immunological Basis for Viral Persistence 
Chronic HCV infection results when HCV persists in spite of the 


aforementioned immune response, defined as viremia more than 
1 year after infection. Progression to chronic infection can be 
considered a failure of the innate and adaptive immune response, 
and is characterized by intrahepatic immune tolerance wherein 
high levels of antigen drive continuous immune activation, which 
is ineffective in clearing the virus but mediates hepatic damage 
that can progress to cirrhosis. HCV viral burden generally persists 
at a lower level than during the early acute phase. NK cells are 
present at a lower frequency in liver and have variable phenotypic 
distributions and effector function. '“*!*° Expression of ISGs asso- 
ciated with IFN-y signaling diminishes in many patients, whereas 
ISG expression mediated by Type I and/or Type III IFN signaling 
predominates in most patients.” Although intrahepatic ISG 
expression is significantly up-regulated in chronic HCV disease,” 
even in hepatocytes that are productively infected,'”’ this does not 
confer an antiviral effect as chronic infection rarely subsides spon- 
taneously. In fact, elevated intrahepatic ISG expression is associ- 
ated with a reduced response to treatment with exogenous IFN-o, 
IFN-A genotype, and lower rates of achieving sustained virologic 
response.'**'” Lack of further induction of intrahepatic ISG tran- 
scripts as a result of IFN- treatment also correlated with lack of 
HCY viral suppression in chimpanzees.'”* In humans, stimulation 
of peripheral blood mononuclear cells from patients chronically 
infected with HCV with IFN-Gs, in vitro results in a significantly 
lower degree of ISG induction than for healthy controls.’ These 
findings indicate that the chronically HCV infected liver is an 
immunological environment distinctly different from the acutely 
infected liver. 

Recent correlative evidence from liver biopsies has suggested 
that Type III IFNs rather than Type I IFNs may be the predomi- 
nant inducers of ISG expression in chronic HCV infection.'°°'°°'™ 
IFN-A genotype, ability to produce IFNL4 protein, and relative 
production of IFNLs may impact an individual’s inflammatory 
response to chronic infection.'*°'” Up-regulation of interferon 
lambda receptor 1 (IFNLR1) during the Type I IFN response seen 
in acute infection may impart sensitivity to Type III IFN signal- 
ing, whereas expression of negative regulators of Type I IFN sig- 
naling, such as USP18, in chronic infection may lower or limit 
sensitivity to both endogenous and exogenous Type I IFNs.'°°'” 
Down-regulation of Type II] IFN response during HCV 
treatment-induced clearance has been suggested to restore sensi- 
tivity to the effects of Type I IFNs, which may facilitate restoration 
of anti- HCV-specific adaptive immune function.'°"'”"'”! Ribavi- 
rin, used as part of IFN-based and IFN-free DAA regimens, may 
in part act by promoting greater sensitivity to both exogenous and 
endogenous IFNs through epigenetic modifications. ">! 


Cellular Response to Chronic Hepatitis C Virus Infection 


HCV-specific T cells are also present in patients with chronic 
HCV, however at reduced levels (both in frequency and in 


reactivity) and directed against fewer HCV epitopes than in acute 
infection. In general, an HCV-specific CD4 proliferative T-cell 
response is detectable in less than one third of patients with 
chronic HCV infection, as compared with almost 90% of spon- 
taneous HCV resolvers.'”* The relationship between CD4 prolif- 
erative T-cell responses and viremia is illustrated in Fig. 28-11. 
T-cell responses in chronic infection are often directed toward 
viral variants that have already been controlled,” whereas T cells 
targeting the circulating virus are rendered dysfunctional by mul- 
tiple immune regulatory mechanisms as discussed below. Potential 
relevance of CD4 T cells in HCV infection is also suggested by 
the association between viral clearance and various Class I HLA 
types.'”° A critical role for CD4 T-cell help in HCV clearance 
was shown in HCV-immune chimpanzees that developed chronic 
infection despite the induction of HCV-specific CD8 T-cell 
response when they were reinoculated after CD4 depletion.” In 
HCV-infected patients, HCV-specific CD4 T cells are detectable 
in the liver and in peripheral blood." Limited studies have 
addressed the role of compartmentalized immunity (liver and 
periphery) in chronic hepatitis C. A recent study has suggested 
that an increase in frequencies of CD4 and CD8 T cells with an 
exhausted phenotype in the liver when compared with peripheral 
blood.'” This suggests evaluation of peripheral immunity may 
underestimate the impact of intrahepatic HCV replication on 
immune cells, particularly CD4* T cells. 


Immunoregulation 


There is increasing evidence that immunoregulatory T cells and 
cytokines contribute to HCV pathogenesis. First, patients with 
chronic HCV infection display an increased frequency of circulat- 
ing CD4*CD25* T-regulatory cells (Tregs).'*°'** Second, sorted 
CD25* Tregs are suppressive and their depletion can enhance 
HCV-specific effector T-cell function in vitro. Third, CD25* 
Tregs from HCV-infected patients are indistinguishable from 
‘Tregs observed in healthy volunteers on the basis of expression of 
forkhead box P3 (FoxP3) (the transcription factor generally 
accepted as a Treg marker) and phenotype, function, and gene 
expression profiling,'®’ consistent with the notion that HCV per- 
sists with increased numbers of FoxP3* Tregs. A detailed summary 
of potential regulatory mechanisms involved in the pathogenesis 
of chronic HCV infection is shown in Fig. 28-12. 

Because HCV-specific FoxP3* and suppressive CD4 and CD8 
Tregs can be expanded from HCV-infected patients,'*”'®° it is 
conceivable that virus-specific FoxP3* Tregs can be induced during 
viral infection with antigen-specific suppressive function. FoxP3* 
Tregs are detected in HCV-infected liver,” suggesting that they 
can exert an immune regulatory effect at the site of viral replica- 
tion. HCV gene products can induce IL-10 production in mac- 
rophages'** and monocytes,'*” promoting a cytokine milieu that 
favors Type 1 Treg induction.™ Chronically HCV infected 
patients display increased HCV-specific IL-10° Type 1 Treg 
response’”’’'”” and serum IL-10 levels'”’ that decrease with antivi- 
ral therapy. Relevant to immune regulation at the site of infection, 
HCV-specific IL-10" CD8 Type 1 Tregs in the liver of HCV- 
infected patients showed IL-10-dependent T-cell suppression.” 
HCV-specific CD4 T cells with transforming growth factor B 
(and IL-10) secretion have been detected in chronic hepatitis C,” 
whereas HCV-specific CD8 T-cell cytotoxicity could be enhanced 
by transforming growth factor B inhibition.” Type 1 Treg 
response in HCV infection may have a dual role in promoting 
viral persistence during acute infection while limiting liver disease 
progression in established chronic infection. Consistent with this 
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e Fig. 28-11 Inverse relationship between CD4 proliferative T-cell response and viremia. A, Evolution 
of CD4 proliferative T-cell response to hepatitis C virus (HCV) core, NS38-4A, and NS5 (bar graphs) relative 
to HCV RNA (red line graph) in two representative patients with acute hepatitis C with spontaneous reso- 
lution (AR8) and chronic evolution (AC10). B, HCV-specific CD4 proliferative T-cell responses are greater 
with an HCV RNA titer less than 1000 IU/mL than with an HCV RNA titer greater than 1000 IU/mL in 
patients with acute hepatitis C. C, HCV-specific T-cell interferon-y (IFN-y) responses are significantly 
greater in patients with resolved HCV infection than in patients with chronic HCV infection in a cross- 
sectional analysis. PBMCs, Peripheral blood mononuclear cells; SFU, spot forming units; SI, stimulation 
index. (A and B adapted from Kaplan DE, et al. Discordant role of CD4 T-cell response relative to neutral- 
izing antibody and CD8 T-cell responses in acute hepatitis C. Gastroenterology 2007;132:654-666; 
C adapted from Sugimoto K, et al. Suppression of HCV-specific T cells without differential hierarchy 
demonstrated ex-vivo in persistent HOV infection. Hepatology 2003;38:1437-1448.) 
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Virus-specific 


Cytotoxic T Cells 


In patients with chronic infection, HCV-specific CD8 T-cell 
dysfunction persists via multiple immune inhibitory and regu- 
latory mechanisms,°'°*'®”°? and HCV-specific CD8 T cells 
are found at low frequency in peripheral blood but enriched 
in the liver.“*'® In chronic HCV infection the immune system 
is persistently exposed to viral antigen. Programmed cell death 
1, cytotoxic T lymphocyte—associated protein 4, T-cell immu- 
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e Fig. 28-12 Potential regulatory mechanisms for virus-specific T cells 
in chronic hepatitis C virus (HCV) infection. CTLA4, Cytotoxic T 
lymphocyte-associated protein 4; FoxP3, forkhead box P3; HBeAg, hepa- 
titis B virus e antigen; /L70, interleukin-10; LAG3, lymphocyte activation 
gene 3; PD-1, programmed cell death 1; TGF-B, transforming growth 
factor B; Th3, T helper cell Type 3; Tim3, T-cell immunoglobulin and mucin 
domain-containing molecule 3; 7r7, Type 1 regulatory T cell; Tregs, regula- 
tory T cells. 


notion, exogenous IL-10 therapy is associated with reduced liver 
fibrosis and increased HCV levels.” A persistent increase in 
the frequency of intrahepatic CD4* Tregs has been observed 4 
years after HCV eradication, suggesting chronic HCV infection 
may impact immunity long after viral clearance.'” 


tive of T-cell functional impairment. In patients with chronic 
HCV infection, circulating HCV-specific CD8 T cells display 
increased expression of these markers in direct association with 
their functional impairment.”'*” Expression, however, differs 
between compartments, with greater expression in the liver.” 
There is marked patient-to-patient variability in the extent to 
which a polyfunctional antigen-specific CD8* T-cell response 
can be restored by iz vitro blockade of inhibitory receptors during 
stimulation, highlighting considerations when biologic targeting 
is considered for antiviral effect.”* Finally, phenotypic analysis 
of circulating anti-HCV specific CD8* T cells indicates that in 
addition to functional exhaustion noted in effector memory cells, 
impaired priming of cells with a naive-like phenotype may be 
another mechanism of poor overall CD8* response in chronic 
infection.” 
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Patients successfully treated with IFN-free, DAA-based therapy 
demonstrated restoration of HCV-specific CD8* T-cell function, 
whereas patients who relapsed did not.*'® Taken together, these 
findings suggest that initial observations of irreversible T-cell dys- 
function even after IFN-based therapy were possibly due to direct 
inhibitory effects of IFN treatment on lymphocytes rather than 
related to ongoing, prolonged viral replication and antigen expo- 
sure. The mechanisms behind T-cell failure and HCV viral per- 
sistence require further investigation. Although inadequate CD4 
T-cell assistance plays a role, T-cell exhaustion and viral escape 
mechanisms are believed to play a dominant role. 


Viral Immune Escape Mutation 


As discussed already, the neutralizing antibody response to the 
HCV envelope is evaded by ongoing selection of antibody escape 
variants.'**?!'?!? Similarly, HCV also readily escapes virus-specific 
CD8 T cells by selection of immune escape variants in acute 
infection,” which is less common in established chronic infection 
with reduced immune selection pressure.” 

In chimpanzees, HCV infection was prevented when HCV- 
positive inoculum was neutralized with anti-HCV-—containing 
plasma, although this protection was isolate specific.”'° HCV 
appears to continuously escape from the neutralizing antibody 
response through mutations, as demonstrated in one detailed 
study that monitored the antibody response and HCV sequence 
variation in a uniquely well characterized chronically HCV 
infected patient during a 26-year period.” A possible escape 
mechanism is the development of polymorphisms conferring 
resistance to neutralizing antibodies: neutralization-resistant 
antibody-escape variants were selected in vitro by broadly neutral- 
izing monoclonal antibodies to HCV envelope glycoprotein.””” 
More recently, polymorphisms at both contact and noncontact 
residues of E2 conferring resistance to multiple broadly neutral- 
izing anti-HCV human monoclonal antibodies have been identi- 
fied in vitro with use of the HCV pseudoparticle system produced 
from E1 and E2 clones isolated from the plasma of patients with 
HCV genotype la and 1b infections.”'* Taken together, the find- 
ings suggest that an antibody response with neutralizing capacity 
does occur during HCV infection. However, it is rendered inef- 
fective during natural infection because of the rapid selection of 
antibody-escape variants. Thus broadly neutralizing antibodies”? 
are needed to prevent infection prophylactically in a high-risk 
population or as passive immunization (e.g., early infection, 
during liver transplant for HCV-infected patients). 


Vaccine Development in 
Hepatitis C Virus Infection 


Vaccine development is an important challenge that remains rel- 
evant, especially for highly endemic areas or high-risk populations 
to prevent further infection. Table 28-2 summarizes the strategies 
used for vaccine development and their associated limitations. On 
the basis of the role of T cells in HCV clearance, it is believed 
that an effective vaccine approach for HCV should induce vigor- 
ous CD4 and CD8 T-cell responses. Among studies examining 
prophylactic vaccine in chimpanzees, an adjuvant recombinant 
envelope glycoprotein vaccine was able to protect up to 80% of 
vaccinated chimpanzees against chronic infection on challenge 
with homologous or heterologous virus.” A blunted viral 
response (reduced. peak viral load, delayed onset of viremia, or 
more rapid viral clearance) compared with the response in control 


chimpanzees has also been reported after T cell—based*”’ and vac- 
cinia virus—based’” approaches, suggesting protection. However, 
both prophylactic and therapeutic vaccine development for 
humans have been limited by several challenges, including the 
following: (1) high HCV viral diversity (the envelope proteins E1 
and E2, the targets for neutralizing antibody response as described 
previously, are two of the most variable proteins of the virus); (2) 
impaired host HCV-specific immunity resulting in weak immu- 
nogenicity of any vaccine; and (3) the use of multiple potential 
immune evasion mechanisms by the virus. Therapeutic vaccine 
trials on humans with chronic HCV infection demonstrated some 
expansion of T-cell responses; however, these were too weak to 
result in viral clearance.””””° 


Mechanisms of Liver Injury 
in Hepatitis C Virus Infection 


Overview 

In acute hepatitis C, virus control is mediated by cytopathic and 
noncytopathic mechanisms that are largely mediated by CD8 T 
cells and NK cells with further amplification of a nonspecific 
inflammatory reaction. In chronic infection the balance between 
virus and host immunity is more complex. HCV has adapted to 
the hepatic environment (greater number of infected cells, 
immune escape mutation, inhibition of cellular antiviral path- 
ways, potential extrahepatic reservoir). In some sense, the immune 
system recognizes the chronicity of infection and may have devel- 
oped mechanisms to prevent excessive damage while maintaining 
some control of the virus. The balance between the virus and host 
immune response (driven by the host genetics and environment) 
will ultimately determine the course of liver disease. 


Virus-Mediated Injury 

Persistent viruses such as HCV are generally noncytopathic as 
continued survival requires a viable host. HCV replication in an 
experimental chimpanzee infection was not accompanied by bio- 
chemical or histologic evidence of liver injury until T cells were 
activated and recruited. Moreover, immunosuppression (e.g., by 
steroids) results in increased HCV replication without evidence 
of liver injury.” 

HCV expression in the liver has been associated with hepatic 
injury, steatosis, and liver cancer development in some~**' but 
not all HCV transgenic or chimeric mice.*”*** HCV was shown 
to promote apoptosis of infected cells via TRAIL-mediated mech- 
anisms in some studies,”””*° whereas HCV inhibited cytokine- 
mediated apoptosis in other studies.” Moreover, progression 
of liver disease appears to be accelerated in HIV and HCV coin- 
fected patients’”*“” and HCV-infected liver transplant recipi- 
ents,“ ?® suggesting the potential for virus-mediated injury, 
although altered immunity in these settings cannot be excluded. 
Collectively, these findings raise the possibility that HCV may 
have cytopathic potential in certain situations, particularly in the 
setting of poor immune control. 


Immune-Mediated Liver Injury 

T Cell-Mediated Injury 

CD8 cytolytic activity involves both perforin and Fas death 
pathways. The relationship between CD8 activity and hepatocel- 
lular injury is highlighted by the correlation between the multi- 
month delay in the rise of aspartate aminotransferase and alanine 
aminotransferase levels after acute infection with infiltration 


TABLE 
28-2 
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Summary of Approaches to Vaccine Development and Limitations 


Recombinant envelope 
glycoproteins 


Genes encoding HCV viral proteins have been cloned into 
yeast. Recombinant protein expressed is then purified for 
use in HCV vaccine production 

Cross-neutralizing antibody responses against heterologous 
HCV genotypes in rodents,” chimpanzees,” and healthy 
human volunteers°7°° 


Because of the high rates of replication, frequent mutations 
result in several quasispecies infecting one patient. The 
greatest genetic variability is seen in glycoproteins E1 and 
E2 (Simmonds et al 2005), the targets of neutralizing 
antibody response 

Limited cellular immune response 

Epitopes restricted to structural proteins 

Envelope glycoproteins have a transmembrane domain and are 
retained in intracellular compartments. Extraction and 
purification is difficult and incompatible with large-scale 
industrial development for vaccination purposes?” 


Cell culture based 


Cell culture—derived HCV is purified, inactivated, and used 
as an immunogen for an HCV-particle vaccine 

Immunization with cell culture—derived HCV elicited 
cross-neutralizing antibodies against 1a, 1b, and 2a 
vaccine strains in mice?” 


Limited to genotypes 1a, 1b, and 2a 


Viruslike particles 


Recombinant HCV-like particles containing HCV structural 
proteins (core, E1, and E2) are produced in insect cells. 
These closely resemble HCV virions 

Induction of humoral and cellular immune responses 
demonstrated among mice, baboons, and chimpanzees??? 

Retrovirus-derived viruslike particle-based vaccines have 
been shown to induce high titers of anti-E2 and anti-E1 
antibodies, and neutralizing antibodies in mice and 
macaques?” 


Epitopes restricted to structural proteins 

Animal retroviral particles are not validated for human 
prophylactic vaccine development 

Challenge of large-scale vaccine manufacturing 


Synthetic peptide 


Viral peptides coupled with adjuvant 

Induction of humoral and cellular immune responses 
demonstrated with vaccine candidate based on NS5A, 
NS4B, and core proteins in mice®™™ 


Immunogenicity limited to a few epitopes 


Plasmid DNA 


Naked plasmid DNA molecules that can induce viral-specific 
immune responses 

Strong humoral and cellular immune responses against 
nonstructural proteins (NS3, NS4A, NS5A, and NS5B) 
demonstrated in mice? and macaques*™ 


Immunogenicity is limited by low level of antigen 
presentation? 


Immunological effect was transient in a human study*”° 


Virus vector 


Viral vectors such as adenovirus, the modified nonreplicative 
vaccinia virus Ankara, and alphavirus or paramyxovirus 
are able to express foreign antigen 

Induction of cellular immune responses in animal 
models? 308 


Limited experience in humans 

Unclear if preexisting immunity to human adenovirus limits 
immunogenicity in humans 

Concern for dissemination in patients with immunodeficiency 


Dendritic cell based 


HCV, Hepatitis C virus. 


Dendritic cells are loaded with HCV proteins and stimulated 
ex vivo and infused into the study subject to prime naive 
T cells and/or stimulate existing HCV-specific cellular 
immunity 

Broad immune responses in vitro and in mice™® 


No human data 


of the hepatic parenchyma by CD8 cells and induction of an 
anti- HCV-specific CD8* T-cell response.” As shown in Fig. 
28-13 (using hepatitis B virus as an example), CD8-induced 
liver damage can be amplified by chemokines, neutrophils (and 
matrix metalloproteinases made by neutrophils), and platelets 
that contribute to hepatic recruitment of other immune cells 
(e.g., NK, NK T, and T/B cells, macrophages, monocytes, and 
dendritic cells). Although cytolytic T lymphocytes (and the 


recruited inflammatory cells) contribute to liver cell injury, they 
also elaborate antiviral cytokines (e.g., IFN-y) that can cure virus- 
infected hepatocytes, ultimately leading to viral clearance without 
fulminant liver failure. 


Chemokines in Recruitment of Immune Cells Into the Liver 
Chemokines are involved in leukocyte migration and inflamma- 
tion. In HCV, viral gene products (e.g., core, NS5A) and antiviral 
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e Fig. 28-13 Mechanisms of cytotoxic T lymphocyte-induced liver disease and viral clearance. After 
antigen recognition, virus-specific cytotoxic T lymphocytes (CTLs) kill a small number of hepatocytes via 
Fas L- and perforin-mediated pathways and produce antiviral cytokines that inhibit hepatitis B virus rep- 
lication noncytopathically in many more cells. The same cytokines can activate parenchymal and non- 
parenchymal cells of the liver to produce chemokines that recruit antigen-nonspecific polymorphonuclear 
cells into the organ. Production of matrix metalloproteinases (MMPs) by these cells in addition to chemo- 
kine induction may contribute to the migration of antigen-nonspecific immune cells (e.g., natural killer 
cells, T cells, macrophages) into the liver and the amplification of the liver disease initiated by the CTL. 
HBV, Hepatitis B virus. (Adapted from Guidotti LG, Chisari FV. Immunobiology and pathogenesis of viral 


hepatitis. Annu Rev Pathol 2006;1:23-61.) 


cytokines (e.g., IFNy) can induce the production of chemokines, 
such as regulated upon activation, normally T cell expressed, and 
presumably secreted (RANTES; CCL5), CXCL10 (IFN-inducible 
protein 10) and monokine-induced by IFN-y, by hepatocytes and 
sinusoidal endothelial cells.” Accordingly, T cells recruited to 
the HCV-infected liver display increased expression of chemokine 
receptors CXCR3 and CCR5 compared with those in the unin- 
fected liver. Moreover, CXCL10 expression has been associated 
with histologic markers of liver inflammation and fibrosis in 
HCV-infected patients.*“**“” Similarly, HCV persistence and 
IFN-@ treatment resistance have been associated with increased 
serum level of CXCL8 (also known as IL-8 or neutrophil chemo- 
tactic factor), which can be produced by HCV-expressing hepato- 
cytes via an NS5A-dependent mechanism,” as well as other cells. 
A variety of other chemokines, including CXCR3 and CCR5 
ligands, as well as CCL17 and CCL22, have been implicated in 
lymphocyte migration during chronic HCV infection.” 


Natural Killer Cells and Liver Injury 

Hepatitis flares correlated with increased NK-cell activation and 
expression of TRAIL.*” A critical role for TRAIL in liver cell 
death and inflammation has been reported in murine models of 
hepatitis.’ Liver-derived HepG2 cells stimulated with IL-8 or 
IFN-o displayed increased TRAIL expression, predisposing them 
to more TRAIL-induced cell death.” 

Expression of the early NK activation marker CD69 is associ- 
ated with increased serum alanine aminotransferase activity and 
HCV RNA in chronic HCV infection.'** Moreover, activated NK 
cells from HCV-infected patients displayed a polarization toward 
cytolytic rather than noncytolytic antiviral activity.’ IFN-o 
administration up-regulated TRAIL expression (both in vivo and 
in vitro) and the polarization toward cytolytic activity in vitro.” 
Finally, up-regulation of TRAIL expression on an NK cell subset 
(CD56""®") was associated with viral decline.” Collectively, these 
findings suggest that NK cells are likely to be involved in liver 
disease activity and virus control in HCV infection. 

IFNI4 protein, produced by hepatocytes in chronic HCV 
infection, has been shown to reduce proliferation and induce cell 


death in in vitro models, suggesting an additional host genotype- 
dependent mechanism that contributes to hepatocyte injury.” 


Fibrosis Progression 

Progression of fibrosis does not occur uniformly in all individuals 
with chronic HCV infection, and is difficult to predict. A number 
of comorbid conditions have been implicated in faster progression 
to cirrhosis, some of which are modifiable, and many of which 
are involved in chronic inflammation, including alcohol con- 
sumption, diabetes, and obesity.’ A recent analysis in the 
Swiss Hepatitis C Cohort Study suggested age at infection, sex, 
route of infection, and HCV genotype impact fibrosis progres- 
sion, whereas alcohol, diabetes, and HIV coinfection do not,” 
in contrast to earlier studies implicating alcohol and HIV in 
fibrosis progression.”””°' In a number of studies in HCV monoin- 
fection and HIV/HCV coinfection, the odds of progression to 
end-stage liver disease were observed to be higher in nonblacks 
than in black patients.’ A number of studies have identified 
an impact of host genetics on fibrosis progression, with the Swiss 
Hepatitis C Cohort Study identifying SNPs associated with 
TULP1, PNPLA3, MERTK, and rs910049 (in the MHC region) 
in association with accelerated fibrosis progression rate,” with 
TULPI also implicated in a separate cohort of European 
patients." Additional studies have implicated JFNL3/IFNL4 
genotype in association with fibrosis progression, implicating a 
potential role for host innate immunity in modulating the rate of 
fibrosis during chronic liver disease induced by HCV.” 


Conclusion 


HCV can trigger a number of innate and/or adaptive immune 
responses that define the course of infection. Despite limitations 
in available model systems, there has been enormous progress in 
our understanding of the host-virus interactions during infec- 
tion. HCV has innate immune evasion mechanisms, and the 
adaptive immune responses ultimately mediate viral clearance 
and protective immunity. CD4 T cells are needed to regulate 


the overall adaptive immune response, whereas CD8 T cells are 
the critical effectors that mediate liver injury and viral clear- 
ance. During chronic infection, antiviral T cells are functionally 
exhausted, with impaired capacity for virus control, although they 
may contribute to hepatic recruitment of inflammatory cells that 
amplify liver injury. Ultimately, these interactions contribute to 
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progressive fibrosis and hepatocarcinogenesis. With the advent 
of DAA therapy, the rates of sustained virologic response have 
markedly improved, and afford the ability to monitor changes in 
host immunity associated with HCV clearance in the absence of 
IFN-based treatment. 


Recent Progress 
Elucidation of each step of the HCV life cycle has identified several targets 
for antiviral intervention. 

Multiple oral DAAs targeting NS3-4A, NS5A, and NS5B have recently 
been developed, with excellent efficacy and tolerability. As a result, treatment 
has shifted from pegylated IFN-based to all oral, IFN-free DAA-based 
regimens. 

There is increasing evidence supporting a negative impact of HCV on 
host innate and adaptive immunity in the pathogenesis of acute and chronic 
infection. 

New evidence has renewed interest in the role of humoral immunity 
and broadly neutralizing antibodies in HCV resolution. The identification 
of factors that aid in the development and maintenance of broadly 
neutralizing antibodies in vivo is an area of particular interest for 
vaccine development. 
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Key Knowledge Gaps 

The challenge remains to further develop in vivo and ex vivo models that 
mimic the natural environment of the liver, as primary HCV isolates show a 
poor ability to replicate in tissue culture. 

Despite the availability of highly effective antiviral therapy, vaccine 
development remains relevant especially for highly endemic areas and 
high-risk populations to prevent further infection. However, both prophylactic 
and therapeutic vaccine development for humans have been limited by 
several challenges, including high viral diversity and impaired host 
HCV-specific immunity resulting in weak immunogenicity of any vaccine. 


Future Direction 

With the advent of DAA therapy, most patients with access to such treatment 
will be cured. This affords an opportunity to examine and unravel the 
immune correlates of disease outcome. 
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ABBREVIATIONS 


ALT alanine aminotransferase 

CDC Centers for Disease Control and Prevention 

EIA enzyme immunoassay 

GBD global burden of disease 

HBV hepatitis B virus 

HCC hepatocellular carcinoma 

HCV hepatitis C virus 

HIV human immunodeficiency virus 

IL28B_interleukin-28B (one of the A or type Ill interferons), a 
genomic region that has been identified to be associated 
with response to interferon and ribavirin therapy 

MSM men who have sex with men 

NANB non-A non-B 

NS nonstructural 

NAT nucleic acid testing 

NHANES National Health and Nutrition Examination Survey 

PCR polymerase chain reaction 

PWID persons who inject drugs 

RIBA recombinant immunoblot assay 

STD sexually transmitted disease 

SVR sustained virologic response 

TTI transfusion-transmissible infection 


Discovery of Hepatitis C Virus 


The first evidence of a previously unrecognized hepatitis virus 
came from studies of hepatitis among persons receiving blood 
transfusions in the 1960s and 1970s. These studies found that 
certain cases of acute hepatitis had incubation periods different 
than those associated with hepatitis B and hepatitis A; this form 
of hepatitis also appeared to cause less severe disease.’ Further- 
more, following discovery of hepatitis B virus (HBV) in 1967 and 
hepatitis A virus in 1973, testing of serum from transfusion recipi- 
ents confirmed that many cases of hepatitis were not related to 
either infection.” In early 1974, the illness was briefly referred to 
as hepatitis C’; however, the term non-A, non-B (NANB) hepatitis 
was formally adopted to describe this disease as it was not known 
if this clinical entity was caused by one or multiple agents.° 
Studies of transfusion-associated cases of NANB hepatitis 
conducted before 1980 found an incidence of 7% to 17%,””* 
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providing additional evidence of a transmissible agent. Incidence 
declined with the introduction of measures to screen blood dona- 
tions for HBsAg, but transfusion recipients remained at a con- 
siderable (7-10%) risk.*? For example, of 576 patients receiving 
blood in Toronto, Canada, 53 (9%) developed acute posttransfu- 
sion NANB hepatitis.” In the United States, 200,000 to 300,000 
cases of transfusion-associated NANB hepatitis occurred annu- 
ally from the 1970s through the early 1980s.*” NANB hepatitis 
was also frequent among organ transplant recipients, persons on 
hemodialysis, persons with hemophilia, and other recipients of 
blood products. 7 

Later studies found that routes of transmission of NANB 
hepatitis extended beyond exposure to blood and blood products 
in healthcare settings to community exposures, particularly the 
use of injection drugs. Studies of acute hepatitis among persons 
who inject drugs (PWIDs) revealed that approximately one 
quarter of acute hepatitis cases were NANB hepatitis. '®* Data 
from public health surveillance had similar findings. Of 295 
patients diagnosed with serologically confirmed hepatitis in 1979 
to 1980 in Baltimore, 42% had NANB hepatitis, approaching the 
48% caused by acute hepatitis B”; 11% of these NANB hepatitis 
cases were associated with blood transfusion, 42% were associated 
with parenteral drug use, and 15% with personal contact with 
another patient. Sentinel surveillance conducted by the Centers 
for Disease Control and Prevention (CDC) in four U.S. counties 
found a slightly lower proportion of acute hepatitis cases attrib- 
uted to NANB hepatitis (20-26%) and similar risk exposures.” 
Accordingly, despite the lack of data confirming an etiologic 
agent, epidemiologic studies and public health surveillance suc- 
cessfully identified major modes of transmission and associated 
risks for NANB hepatitis. 

By 1978, several groups of researchers had successfully trans- 
mitted NANB hepatitis through blood from patients with hepati- 
tis to chimpanzees, demonstrating that the disease was caused by 
a transmissible agent.”” Studies conducted in the 1980s demon- 
strated that the NANB hepatitis agent was lipid-encapsulated and 
30 nm to 60 nm in diameter, suggestive of a small RNA or DNA 
virus.” Michael Houghton and associates at Chiron Corpo- 
ration and Daniel Bradley at CDC identified the agent by the 
extraction of RNA and DNA through the ultracentrifugation of 
large volumes of chimpanzee sera with high infectious titers.” 
From this material, a complementary DNA was produced and 
inserted into a cloning vector for viral replication and protein syn- 
thesis. The expressed proteins were screened with immunoassays 
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based on serum from a patient with NANB hepatitis to detect 
antibody to the protein products of the clones. A single positive 
clone was found among the many millions screened.’ This work 
was published in 1989.*° When applied to pedigree samples at the 
National Institutes of Health and CDC, the assay showed that 
70% to 90% of NANB hepatitis cases were related to this agent.”° 
In 1980, the entire genome was sequenced, and NANB hepatitis 
was renamed hepatitis C virus (HCV). The virus was closely related 
structurally and molecularly to viruses in the Flaviviridae family 
and was classified as a separate genus therein.’ 

The discovery of HCV paved the way for serologic and molec- 
ular assays to detect HCV infection, enhancing epidemiologic 
studies of HCV infection and disease, and improving screening 
measures to prevent HCV transmission, diagnosing clinical HCV 
infection, and monitoring of patients with HCV-related disease 
and their response to treatment. The identification of HCV 
spurred research on viral replication, leading to a search for anti- 
viral therapies. Decades later, these antiviral therapies have become 
a powerful tool for preventing HCV-associated morbidity and 
mortality and ongoing HCV transmission, ushering in a new 
curative era for HCV infection. Interventions known to prevent 
HCV transmission and disease have been enhanced by the prod- 
ucts of viral discovery, such as precise laboratory tests and curative 
HCV therapies. Since 1989, the understanding of HCV epide- 
miology and the tools for prevention, testing, and treatment have 
evolved to culminate in a rare opportunity in medicine: global 
control and potential elimination of a lethal chronic viral infec- 
tion, HCV (Fig. 29-1). 


Hepatitis C Virus Transmission 


HCV is a blood-borne pathogen and transmission is most efficient 
through direct percutaneous exposure to blood. Although HCV 
has been detected in saliva, semen, human milk, and other body 
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fluids of infected persons, these body fluids are not efficient vehi- 
cles of transmission.” HCV does not penetrate intact skin spon- 
taneously and there is no evidence of vector-borne or airborne 
transmission.” Mucous membrane exposures to blood can also 
result in HCV transmission, but this route is less efficient than 
percutaneous exposures. Transmission of HCV most often occurs 
through transfusion of HCV-contaminated blood or blood prod- 
ucts, tissue or organ transplantation, occupational or other expo- 
sures in healthcare settings, and sharing contaminated needles/ 
syringes or other equipment for drug injection. Although less 
frequent, HCV can be transmitted through other procedures that 
involve blood exposure, such as during sexual contact, perinatally 
from mother to child, and tattooing. 


Receipt of Infected Blood or Blood Products 


In the United States, before heat treatment of plasma products 
became a routine practice in 1987 and universal screening of 
blood donors for HCV was implemented in 1992, these products 
were the source of many HCV infections. Recipients of multiple 
transfusions of blood and blood products from unscreened dona- 
tions have prevalence rates reaching 95%.””*” This route of trans- 
mission accounts for a considerable share of the infection among 
the aging population of persons born from 1945 to 1965 (ie. 
“baby boomers”), who comprise the largest percentage of the 
almost three million Americans who are estimated to be currently 
living with HCV infection.” This same epidemiologic pattern is 
seen in most developed countries. However, in countries where 
blood donations are not routinely screened for HCV, transfusion 
is still an important mode of transmission. The most recently 
reported data from the World Health Organizations (WHO's) 
blood safety survey of 164 countries in 2008 revealed that blood 
donations in 39 countries were not routinely tested for transfusion- 
transmissible infections (TTIs), including HCV. 
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Moreover, the median prevalence rate of TTIs in blood dona- 
tions was much higher in resource-constrained areas (middle- and 
low-income countries) than in developed (high-income) coun- 
tries. The survey also found that compared with previous years, of 
the 23 countries reporting a greater than 10% decrease in volun- 
tary unpaid blood donations (a practice that can reduce the risk 
of infection from TTIs in contrast to family/replacement and paid 
donations), all were resource-constrained. Use of particular testing 
assays with lower sensitivity and poor quality control procedures, 
as can occur when appropriate equipment and reagents for HCV 
screening are unavailable, can also impact the ability to detect 
HCV and is more of a concern in resource-constrained areas.°**” 


Occupational Transmission 
Among Healthcare Workers 


Occupational transmission of HCV among healthcare workers is 
uncommon. Cases of HCV seroconversion, typically from acci- 
dental needle sticks, have been documented in developed coun- 
tries, although the reported seroprevalence is low with estimates 
ranging from 1% to 2%.**”? A recent U.K. study examining 1997 
to 2007 surveillance data to determine factors associated with 
HCV transmission among healthcare workers demonstrated a 
seroconversion rate of 1.8% to 2.2%.“ Similar to a prior study 
in Europe,” the researchers found that the depth of the puncture 
injury to the healthcare worker was a relevant factor in transmis- 
sion; when the injury was deep, it was significantly and indepen- 
dently associated with HCV seroconversion. 


Healthcare Settings 


Transmission of HCV in healthcare settings is common in many 
resource-constrained countries, and unsafe injections in these set- 
tings are a leading cause of HCV transmission worldwide.‘ 
Egypt is notable for one of the largest epidemics of HCV infection 
in the world, widely attributed to the reuse of syringes during a 
program in the 1960s and 1970s to eradicate schistosomiasis.“ In 
developed countries, where infection control and safe injections 
are generally practiced in healthcare settings, nosocomial HCV 
transmission is infrequent.” However, even in developed 
countries, lapses in infection control and safe-injection practices 
can occur, particularly in nonhospital healthcare settings; several 
outbreaks have been identified in such settings throughout the 
world. Hemodialysis centers have historically been important set- 
tings for HCV transmission in many countries. Estimates of HCV 
infection among hemodialysis patients vary, ranging from 9% to 
31% in recently published studies, with the highest prevalence 
reported from developing countries.“**’ In 2002, HCV preva- 
lence among hemodialysis patients in the United States was 
7.8%’; more recent survey data are lacking. Of 16 U.S. outbreaks 
resulting in transmission of HCV identified by CDC between 
1998 and 2008, six occurred in hemodialysis centers; the remain- 
der involved other healthcare settings, such as private physician 
offices and endoscopy and pain remediation clinics.” The U.S. 
outbreaks were ascribed to lapses in infection control, as investiga- 
tions revealed the practice of syringe reuse (which resulted in the 
contamination of vials later used for other patients) and prepara- 
tion of injections in a contaminated environment. From 2008 to 
2014, an additional 22 outbreaks of HCV infection were identi- 
fied and investigated by CDC, 11 of which were in hemodialysis 
settings.” Similar to previous outbreaks, most involved reuse of 
syringes, although two of the outbreaks were attributed to drug 


diversion by HCV-infected healthcare providers, the largest of 
which involved transmission to dozens of patients from 16 facili- 
ties across eight states. 


Injection Drug Use 


Drug injection can efficiently transmit HCV. The virus spreads 
quickly once it has been introduced into a network of drug injec- 
tors through sharing contaminated needles or syringes or other 
injection-related equipment, such as cookers, cotton, and rinse 
water.” Not unexpectedly, the higher the prevalence of HCV 
infection within a drug-injection network, the greater the risk of 
transmission. 

Globally, an estimated 67% of PWIDs, or 10 million persons, 
have been infected with HCV. In the United States and other 
developed countries, injection drug use is the predominant mode 
of transmission, accounting for most new HCV infections.“ In 
developing countries, injection drug use is also a major mode of 
HCV transmission, particularly among countries with economies 
in transition. Data from a study of countries in the WHO Euro- 
pean Region, but outside the European Union/European Free 
‘Trade Association, showed an average HCV antibody (anti-HCV) 
prevalence of 46% among PWIDs.” Another study of data from 
77 countries revealed an estimated anti-HCV prevalence among 
PWIDs of 60% to 80% in 26 countries and greater than 80% in 
12 countries. Along with the United States, China and Russia 
had the largest populations of PWIDs; anti-HCV prevalence 
among these populations was estimated to be 73.4%, 67.0%, and 
72.5%, respectively. A more recent systematic review found that 
among all HCV-related risk factors examined, injection drug use 
exhibited the strongest association with HCV infection globally.“ 
A further study that undertook an assessment of the global burden 
of disease attributable to illicit drug use found that as a risk factor 
for hepatitis C, injection drug use accounted for an estimated 
502,000 disability-adjusted life years (DALYs).°° 


Sexual Transmission 


Sexual contact has been considered a potential route of HCV 
transmission, although the evidence for the magnitude of this 
risk has been mixed and varies by study design and popula- 
tions studied. The epidemiology of HCV infection among the 
general population does not support sexual contact as a major 
route of transmission. In a review of articles published during 
1995 to 2009, researchers found no evidence to support sexual 
transmission among heterosexual couples in regular relationships, 
but did find an increased risk among persons with multiple sex 
partners (although this risk could not be distinguished from pos- 
sible coincidental injection drug use), as well as an increased risk 
among women coinfected with HIV or other sexually transmit- 
table diseases (STDs) and HIV-infected men who have sex with 
men (MSM).°” More recent findings support the very low esti- 
mated risk of sexual transmission of HCV among monogamous 
heterosexual couples.” The risk of sexual transmission has been 
explored most extensively among MSM who have been shown 
to be at highest risk.” These studies have found that sexual 
transmission of HCV is most likely to occur among HIV-infected 
MSM who engage in high-risk sexual behaviors, concurrently 
use noninjection recreational drugs, have multiple sex partners, 
or have concomitant ulcerative STDs.”°”” These findings support 
the role of mucous membrane exposure in HCV transmission, as 
having multiple sex partners, engaging in rough sex, and having 
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ulcerative STDs can cause mucosal injury and, in the absence of 
injection drug use, facilitate sexual transmission of HCV. 


Vertical Transmission 


Vertical transmission of HCV from an infected mother to her 
newborn has received considerable study and is the most common 
source of exposure to infants (and children) in developed coun- 
tries. Certain factors increase the risk of mother to child transmis- 
sion of HCV. The most recent systematic review and 
meta-analysis of data from 109 studies found that the risk of HCV 
transmission from mother to infant was 5.8% among HCV 
antibody-positive and HCV-RNA positive women who were 
HIV-negative; maternal coinfection with HIV increased this risk 
to 10.8%.” Mother's level of viremia also is associated with risk 
of HCV infection: vertical transmission rarely occurs among 
infants of HCV-RNA-negative mothers,”**’ whereas infants born 
to mothers with a viral load of approximately 5 log IU/mL or 
greater have a 14% risk of infection.**’ Other factors have been 
found to be associated with risk of vertical transmission, including 
rupture of amniotic membranes during childbirth. A systematic 
literature review yielded one high-quality study™ reporting a nine- 
fold increase in HCV transmission after prolonged rupture (26 
hours) of the amniotic membranes during labor.” Risks also are 
posed by internal fetal monitoring,” although neither breast- 
feeding”**” nor mode of delivery (i.e., vaginal vs. cesarean) has 
been associated with increased risk.””***?*”** 


Other Exposures 


Both tattooing and body piercing have been investigated as prac- 
tices that could transmit HCV. Because instruments used for 
tattooing and piercing can come into contact with potentially 
contaminated blood, blood-borne infections such as HCV can be 
transmitted in the absence of disposable instruments or proper 
sterilization and maintenance of multiple-use instruments. A 
global systematic review and meta-analysis found an association 
between tattooing and HCV infection”; an even stronger associa- 
tion was observed among the subgroup of non-PWIDs. Although 
a study carried out in the Netherlands showed no relationship 
between persons with multiple tattoos and/or piercings and HCV- 
antibody positivity, the prevalence of HCV infection in the total 
population was low.” A more recent global literature review was 
conducted to evaluate the risk of HCV transmission from tattoo- 
ing and piercing” in which risk of HCV infection from tattooing 
was examined separately for populations with varying levels of 
overall HCV infection risk (i.e., the general population, blood 
donors, prisoners, and veterans). The data were also analyzed by 
whether tattooing or piercing was performed in a professional 
setting (licensed and regulated by health authorities) or a nonpro- 
fessional setting (unlicensed and potentially nonsterile; by friends, 
at home, or in prison). The researchers found no association 
between tattooing and risk of HCV transmission when these 
procedures were performed in professional settings, but an 
increased risk was demonstrated when tattoos were applied in 
nonprofessional, unregulated settings (e.g., in prisons or by 
friends), particularly among high-risk groups. 


Other Populations 


Homelessness is a global problem. Because persons who are home- 
less typically have few resources and little or no access to healthcare, 
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the many health issues they encounter, including HCV infection, 
often go unchecked and untreated. The prevalence of HCV infec- 
tion among homeless persons in the United States was recently 
examined in two studies. One study estimated that 22% to 52% 
of homeless persons were infected with HCV.” The second study 
reported an HCV seroprevalence of 32.1% (range: 7.5-52.5%) 
among homeless persons.” To determine the global prevalence of 
tuberculosis, HCV infection, and HIV among homeless persons, 
a systematic review and meta-analysis was conducted of data 
from 43 surveys of homeless populations worldwide.” Of the 
12 studies that included data for HCV infection, prevalence 
ranged from 3.9% to 36.2% with a pooled prevalence of 20.3%, 
reflecting rates higher than those among the general populations 
within these countries and suggesting the need for prevention 
programs targeted specifically to homeless populations. Four of 
the 12 studies collected risk factor data; all four found that use 
of injection drugs was positively associated with HCV infection 
prevalence, two of the four additionally found a positive associa- 
tion with sharing of drug paraphernalia, and one of the four found 
a positive association with previous imprisonment. 

Incarcerated populations as well are affected disproportionately 
by HCV infection. Two U.S. studies that examined homeless 
populations also investigated the prevalence of HCV infection 
among prison populations. In one of these studies, HCV infection 
prevalence among incarcerated persons ranged from 23.1% to 
41.2%,” whereas the second study demonstrated a prevalence of 
23.1% (range: 7.5-44.0%)””; estimates from both studies are sub- 
stantially higher than the estimated prevalence among the general 
U.S. population.” The global incidence and prevalence of HCV 
infection in prisons and other closed settings was recently exam- 
ined in a systematic review and meta-analysis”; the prevalence of 
HCV infection among the general detainee population and 
among detainees with a history of injection drug use was 26% 
and 64%, respectively, and was highest in the regions of Central 
Asia and Australasia. In addition to injection drug use (the main 
route of transmission in prisons”), tattooing can also pose a risk 
of HCV transmission among prison populations where the prac- 
tice is prevalent.” 


Natural History of Acute 
Hepatitis C Infection 


Acute HCV infection is typically a mild or subclinical disease 
often associated with no symptoms or mild flulike symptoms, 
including a loss of appetite, nausea, and decreased energy. A 
minority of patients seek medical attention with a clinical presen- 
tation of jaundice and other manifestations of liver injury.” Ful- 
minant hepatitis is rare with acute HCV infection.'°°" 

Laboratory identification of HCV infection is performed using 
anti-HCV testing and HCV nucleic acid testing (NAT) (Fig. 
29-2). Following infection, HCV is detectable in blood within 
2 to 14 days by NAT. Acute infection is characterized by a period 
of low-level viremia, followed by large increases in HCV RNA 
levels (8-10 days); a high viremia plateau is reached at 45 to 68 
days after exposure to the virus.'”’ With time, viral load fluctuates 
and begins to decline, with variable rates of viral clearance 
achieved.” Serum aminotransferase levels can be elevated during 
acute infection, with high ALT levels at approximately 2 months 
after infection'™; ALT levels are typically highest for persons who 
spontaneously clear virus. HCV-specific antibodies decline within 
30 to 60 days of infection. 


SISENE Specific Diseases 


Nonreactive 


Not detected 


No HCV antibody detected | 


No current HCV infection 


Detected 


Current HCV infection 


*For persons who might have been exposed to HCV within the past 6 months, testing for HCV RNA or follow-up testing for HCV antibody is recommended. 


For persons who are immunocompromised, testing for HCV RNA can be considered. 


t To differentiate past, resolved HCV infection from biologic false positivity for HCV antibody, testing with another HCV antibody assay can be considered. 
Repeat HCV RNA testing if the person tested is suspected to have had HCV exposure within the past 6 months or has clinical evidence of HCV disease, or if 


there is concern regarding the handling or storage of the test specimen. 


e Fig. 29-2 Recommended testing sequence for identifying current hepatitis C virus (HCV) infection. 
(Source: CDC. Testing for HCV infection: An update of guidance for clinicians and laboratorians. MMWR. 


2013;62(18).) 


After acute HCV infection, persons will either clear virus spon- 
taneously or develop chronic HCV infection, with certain factors 
influencing the outcome of acute HCV infection.” At 2 to 4 
months postinfection, levels of HCV RNA begin to diverge, 
distinguishing persons who clear HCV from those who do not. 
Of persons recently infected with HCV who spontaneously clear 
virus, approximately 25% to 30% will do so by approximately 4 
months following infection, with greater than 80% clearing HCV 
within 1 year of infection.” Factors associated with differences 
in spontaneous clearance include gender, severity of symptoms 
following infection, and IL28B genotype of the infected person. 
In one study, women were twice as likely to clear HCV infection 
as men (42% vs. 20%).'”? Persons who developed clinical disease, 
particularly jaundice, were more likely to clear HCV than those 
who did not experience symptoms following infection (31% vs. 
18%).' Those with the JL28B CC genotype have a more than 
twofold greater likelihood of clearing HCV than persons with the 
CT and TT genotypes." Among females, the likelihood of viral 
clearance was greatest for those with the IL28B CC genotype and 
infected with HCV genotype 1.'”” Factors not associated with a 
difference in viral clearance include, race, age at infection, and 


HIV status. 


Incidence of Hepatitis C Virus Infection 


Global 


The global incidence of HCV infection is difficult to estimate for 
a number of reasons. First, many countries do not have surveil- 
lance systems or surveys in place to collect data on cases of acute 
HCV infection. Even among countries with the capacity to collect 
routine epidemiologic data, incidence is hard to quantify as most 
infected persons are asymptomatic during the acute phase of the 
infection; as a result, recently infected persons are unlikely to be 
tested and seek medical care. Without good incidence data, some 
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e Fig. 29-3 Incidence of acute hepatitis C in the United States, 
1992-2013. 


researchers have relied on prevalence data to estimate incidence, 
although these estimates are influenced by other relevant factors 
(e.g., seroreversion) that may or may not be considered in making 
these calculations.“ A few studies, typically using prevalence data 
reported by WHO,'™ have reported that approximately 3.5 
million (3-4 million) new infections occur each year,” based 
on a worldwide estimated prevalence of 170 million persons living 
with chronic HCV infection. 


United States 


In the United States, a routine system of reporting for acute hepa- 
titis C was established in 1982 (prior to 1995, acute hepatitis C 
was reported as acute non-A, non-B hepatitis). The incidence rate 
of HCV infection rose to its highest point in 1992, with a reported 
2.4 cases per 100,000 population. This rate was followed by a 
marked decline in incidence, dropping to 0.2 cases per 100,000 
population by 2005''°""" (Fig. 29-3). This decline can largely be 
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e Fig. 29-4 Reports of acute HCV infection by selected U.S. counties, 2006 and 2012. 


attributed to implementation of HCV screening of blood donors 
in 1992, which virtually eliminated the risk of infection for 
persons receiving blood and blood products, and national efforts 
for the prevention of HIV implemented during this same time 
period. The positive relationship between risk-reduction programs 
for HIV and a decline in incident HCV infection among injection 
drug users is supported by findings from a U.S. multisite study 
for Baltimore, Maryland,” as well as those from a study of injec- 
tion drug users in New York City.” 

By 2005, the number of new case reports of HCV infection 
began to level off. However, from 2010 through 2013, the inci- 
dence rate rose from 0.3 cases in 2010 to 0.7 cases per 100,000 
population, demonstrating an approximate 2.5-fold increase. 
These increases reflect an emerging epidemic of HCV infection 
among persons who are primarily white, equally male or female, 
and aged 30 years or younger.''* This new demographic pattern 
is in contrast to that of the 1980s and 1990s when infection rates 
were highest among men, African Americans, and persons aged 
40 to 49 years,” although injection drug use was the major route 
of exposure throughout each of these time periods. Another 
important demographic change taking place in the United States 
is a shift in the incidence of acute HCV infection from urban 
to suburban and rural areas of the country. This shift is most 


pronounced in rural 


and Appalachian counties east of the Missis- 
sippi River (Fig. 29-4).!" 


4), 


Natural History of Chronic Hepatitis C 


As previously mentioned, of persons recently infected with HCV, 
approximately 27% clear infection spontaneously,'” with 80% 
achieving viral clearance within 1 year after acquisition of HCV.” 
However, most newly-infected persons progress into the state of 
chronic HCV infection, characterized by detection of HCV RNA 
6 months or later after a known date of exposure.''® For most 
persons diagnosed with HCV, the date of infection cannot be 
pinpointed, and sequential HCV testing is often lacking to docu- 
ment HCV seroconversion and viral persistence. Thus to guide 
clinical decisions and public health interventions, HCV infection 
is best described in the context of persistent versus resolved infec- 
tion (Fig. 29-5). 

Almost all HCV-related morbidity and mortality is caused by 
chronic HCV infection with associated hepatitis inflammation 
and fibrosis that can lead to cirrhosis and hepatocellular carci- 
noma; extrahepatic manifestations add to the burden of disease 
(Fig. 29-6). Similar to acute infection, chronic HCV infection is 


CKT cl ORONA Specific Diseases 


usually associated with minimal or no clinical manifestations for 
the first several decades of infection. However, systemic com- 
plaints such as fatigue and depression reduce quality of life indices 
for many HCV-infected patients. It is difficult to discern if these 
symptoms are caused by HCV or comorbidities (e.g., substance 
abuse and mental health issues), but symptoms can improve after 
successful HCV treatment.''”'?* Although there are reports of 
HCV-related mortality in the first decade of HCV infection, 9% 
to 51% of HCV-infected persons will develop cirrhosis after 10 
to 35 years of chronic infection.''*'”*'”’ For all studies, the 20- 
and 30-year predicted cumulative probability of cirrhosis using 
the stage-specific transition probabilities was 16% (95% CI, 
14-19%) and 41% (36-45%), respectively. Persons with cirrhosis 
have a 1% to 5% annual risk of developing hepatocellular carci- 
noma (HCC),!!°!%°'3! and the risk rises to 15% to 20% in the 
year after an episode of decompensated cirrhosis.'** 

An accurate determination of the natural history of hepatitis 
C is challenging, because of the asymptomatic nature of HCV 
infection until late in the disease course, making it difficult to 
pinpoint the time of infection. Estimates of the progression of 
HCV-related disease vary widely by study method (prospective vs. 
retrospective), recruitment setting (clinic-based vs. community- 
based), and population characteristics. Data obtained from pro- 
spective studies of HCV-infected persons typically reveal lower 
rates of disease progression than those from retrospective studies. 
For example, a prospective study of young women infected with 
HCV after administration of contaminated anti-D immune 
globulin during pregnancy followed over a period of 18 to 20 
years found an incidence of histologically confirmed cirrhosis and 
bridging fibrosis of 1% to 2% and 2% to 10%, respectively.” In 
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e Fig. 29-5 Serologic markers of HCV infection. 


contrast, retrospective studies of persons infected with HCV for 
an estimated 20 to 30 years demonstrate cirrhosis rates of 17% to 
55%, HCC rates of 1% to 23%, and rates of liver-related death 
of 1% to 23%,'*°''* Although prospective studies yield data 
regarding the natural history of hepatitis C and include persons 
with a documented time of exposure and specified length of 
HCV infection, they are often limited by type of exposure and 
relatively short follow-up periods. Compared with prospective 
studies, retrospective studies can yield longer observation periods, 
but are limited in estimations of length of infection, ability to 
capture cofactors for disease progression and a potential refer- 
ral bias when study subjects are drawn from patients in clinical 
settings. 

Despite the limitations associated with a particular study 
method, data are consistent in documenting at least three features 
associated with chronic HCV infection: 

1. Risk of disease progression increases with length of HCV 

infection. 

2. Progression of disease is nonlinear and can accelerate after 
prolonged disease duration. 

3. Risk of HCV-related morbidity and mortality are influ- 
enced by certain patient characteristics and cofactors (Table 
29-1). 

Severity of liver fibrosis directly correlates with duration of chronic 
infection, with a median duration from infection to cirrhosis of 30 
years (range: 28-32 years). The progression of disease appears 
to accelerate with advancing age. ™!” Between 20 to 30 years 
of HCV infection, the risk of cirrhosis increases from 16% to 
41%,” 

In addition to duration of HCV infection, gender and age at 
infection increase the risk of fibrosis progression. Fibrosis rates 
among men are up to 10-fold higher than those among women, 
independent of age.” In an analysis of 2235 participants in three 
prospective and retrospective studies, males had a 39% higher 
rate of fibrosis progression per year compared with females.’ 


HCV-Related Liver Disease 
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e Fig. 29-6 Natural history of HCV infection. HIV, HBV, alcohol, and steatosis can accelerate disease 


progression. 
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Also at increased risk of disease progression are persons who 
are older at the time of HCV infection: a 67% increase in rate 
of liver fibrosis per year has been observed for persons infected 
at age 50 years or older compared with persons aged 41 to 50 
years'*”'*’; risk increases progressively with age at initial HCV 
infection. The influence of length of infection, male gender, and 
age at time of infection are revealed in studies of young (mean 
age: 24 years) women exposed to HCV after receiving contami- 
nated anti-D immunoglobulin. After 35 years of infection, clinical 
signs of liver cirrhosis were detected in only 9% of the overall 
cohort of 718 women; this study included 149 women who had 
achieved sustained virologic response (SVR) (a marker of cure 
of HCV infection) following therapy.'** A study of 374 women 
with similar exposures in Ireland found a similar low rate of pro- 
gression and demonstrated that the stage of fibrosis could regress 
over time.” 

Additional factors that increase risk of fibrosis progression 
include obesity, insulin resistance, type 2 diabetes, and alcohol 
consumption. '®>! Multiple studies have shown that excessive 
alcohol use accelerates HCV disease progression'*”!**!’; in one 
study, the rate of fibrosis was 34% greater for persons whose daily 
alcohol consumption was greater than 50 g,'” the amount of 
alcohol in five standard drinks, compared with those with HCV 
infection who drank less than this amount. Worsening of steatosis 
is an independent cofactor associated with progression of mild 
fibrosis to more advanced stages'**'*’; at least one study has found 
that infection with HCV genotype 3 contributes to this associa- 
tion.’ Alcohol use is associated with steatosis, suggesting an 
interaction between these disease cofactors. Although the associa- 
tion between more severe steatosis and higher risk of progression 
of fibrosis has been shown in studies of persons with few other 
cofactors for disease progression,” steatosis appears to decline in 
patients who progress from advanced fibrosis to cirrhosis or 
remain cirrhotic.'** 

Receipt of immunosuppressive therapy, certain host genetic 
factors, and coinfection with HBV or HIV can also influence 
HCV-related disease progression.''°'*>'*? Compared with persons 
infected with HCV alone, persons living with both HCV and 
HIV infections have an accelerated progression to symptomatic 
liver disease, cirrhosis, liver failure, and HCC.!*!4?)! Recently, 
data from a cohort of more than 18,000 patients confirmed that 
liver-related death was ninefold higher in the HCV/HIV coinfec- 
tion group than in the HIV monoinfection group.'”” HCV infec- 
tion has little to no effect on HIV-related diseases.'”’ 

Many extrahepatic manifestations are attributed to HCV" 74157 
(Table 29-2). However, the strength of epidemiologic evidence 
supporting a causative association of HCV with specific manifes- 
tation varies. The disease states with strong evidence for a caus- 
ative association with HCV include mixed cryoglobulinemia, 
non-Hodgkin lymphoma, type II diabetes mellitus and insulin 
resistance, cardiovascular disease, renal disease, and general sys- 
temic symptoms that affect quality of life (e.g., fatigue and cogni- 
tive impairment), 118120.158-226 

In HCV-related cryoglobulinemia, immune complexes that 
contain HCV particles deposit in the walls of capillaries, venules, 
or arterioles, causing small-vessel inflammation. Of HCV-infected 
patients, 40% have circulating cryoglobulins, and 5% to 25% 
will develop vasculitis.” In one meta-analysis, the risk of mixed 
cryoglobulinemia was 12-fold higher than for non-HCV infected 
patients.’ The complications of mixed cryoglobulinemia vas- 
culitis vary, ranging from mild symptoms (e.g., purpura and 
arthralgia) to more severe central nervous, pulmonary, and renal 
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WAJ Extrahepatic Manifestations Associated With 
is HCV Infection and Impact of HCV Therapy 


Mixed cryoglobulinemia’**"®? Strong Evidence that HCV 
Non-Hodgkin lymphoma'®*'”* association therapy prevents 
Diabetes mellitus, type Il and or improves 
insulin resistance” "°° disease 
Cardiovascular disease'®’ '°* progression 
Fatigue’ niii 197 
Cognitive impairment''®'°°°° 
Reduced health-related quality 
of lifet2201-204 
Renal disease”? 
Sicca syndrome?'*?'° Weak to No evidence 
Porphyria cutanea tarda?'”?"® moderate 
Lichen planus?'??22 association 
Rheumatoid arthritis?” Anecdotal No evidence 
Idiopathic pulmonary fibrosis?” evidence of 
Autoimmune thyroiditis? association 
Autoimmune cytopenias™®??® only 


*The strength of the association is based on the number of studies, number of study subjects, 
and consistency of the findings across studies supporting an association between HCV 
infection and the extra-hepatic manifestation under investigation. 


system involvement. HCV therapy and successful viral clearance 
lead to resolution or improvement in HCV-related mixed cryo- 
globulinemia and its associated extrahepatic manifestations.” 
HCV-infected persons have a twofold to fivefold increased risk 
of non-Hodgkin lymphoma.'“*"”! The incidence of non-Hodgkin 
lymphoma is lower among persons who clear HCV infection, 
confirming HCV as a causative agent for this neoplasm. °° 

HCV infection also is associated with increased insulin resis- 
tance and diabetes.’ An analysis of national health survey 
data in the United States revealed that for adults aged 40 years or 
older, HCV-infected persons were more than three times as likely 
to have diabetes as persons not infected with HCV.'” In Taiwan, 
a longitudinal study of residents in a single township found that 
HCV-infected persons had a greater cumulative incidence of 
diabetes (14.5%) compared with those not infected (8.5%). 
Persons with HCV infection are at increased risk of hepatic ste- 
atosis (accumulation of fat in the liver), reflecting the involvement 
of viral proteins in lipid metabolism and host (e.g., obesity) and 
other (e.g., pharmacologic) factors.” Among HCV-infected 
persons, the combination of diabetes mellitus with hepatic ste- 
atosis increases the risk of hepatocellular carcinoma (RR 2.81).”” 

A study of 1095 anti-HCV-positive persons in Taiwan fol- 
lowed from 1991 to 2008 demonstrated increased risk of mortal- 
ity from circulatory and renal diseases.’ Studies also suggest 
persons with HCV are at increased risk of cardiovascular diseases, 
particularly carotid atherosclerosis.” Community-based 
prospective studies conducted in seven Taiwanese townships 
found chronic HCV infection to be an independent predictor of 
cerebrovascular death, with the risk of mortality correlated with 
the level of HCV RNA. Retrospective cohort studies conducted 
in Taiwan suggest that risk of stoke is reduced when patients 
receive HCV therapy and achieve viral clearance.'*”'”° 


Yt SC ONEA Specific Diseases 


Persons with HCV infection have a reduced quality of life 
regardless of comorbid conditions, risk factors for HCV infection, 
or stage of liver disease.” Fatigue and cognitive impairment are 
common complaints among HCV-infected patients, 181201°3-200:202 
and they reduce quality of life.'"°’?'*°* More than 50% of persons 
infected with HCV report fatigue, the severity of which is not 
associated with HCV RNA levels. In one study, fatigue was most 
common among persons older than 50 years of age.'"° HCV- 
infected persons can also experience declines in cognitive func- 
tioning. A study conducted in the United Kingdom found persons 
infected with HCV had deficits in mental concentration and 
speed of memory processing compared with control subjects, 
including persons who had cleared HCV infection (i.e., those 
testing anti- HCV-positive and HCV RNA-negative); history of 
injection-drug use did not account for the observed differences in 
cognitive function.” HCV therapy ameliorates the symptoms 
associated with HCV infection, improving the quality of life for 
infected patients. 

Other dermatologic, ophthalmic, and autoimmune conditions 
are associated with HCV infection. Among patients with por- 
phyria cutanea tarda, approximately 50% are HCV infected based 
on nucleic acid testing by PCR; when compared to control 
patients, HCV-infected persons are at high risk of this disease with 
varied risks by geographic location of the study.” A meta-analysis 
of six studies involving 2197 patients found wide variation in the 
odds ratio (OR) ranging from 1.42 to 7.43 with a summary OR 
for all studies of 4.47.7'° The prevalence of lichen planus, another 
condition associated with HCV infection, also varies widely by 
geographic location, as well as by other cofactors (e.g., genetic 
differences) that affect disease onset.” Anecdotal associations 
have been found with other extrahepatic conditions. Additional 
data are needed both to confirm these associations and to evaluate 
the impact of HCV therapy on clinical outcomes. Such data will 
be particularly helpful for updating treatment guidelines and 
improving the precision of models evaluating the cost and benefits 
of antiviral therapy for HCV infection. 

Among patients with advanced liver disease, achieving an SVR 
reduces the risk of HCV-related morbidity and mortality. Com- 
pared with persons without an SVR, patients with an SVR have 
a 74% reduction in all-cause mortality, 93% reduction in liver 
failure, and 93% reduction in liver-related mortality and trans- 
plantation.*” A pooled analysis of twelve studies revealed that the 
incidence of HCC declined 76% following SVR with a reduction 
in incidence from 1.67% per person-year among nonresponders 
to 0.33% per person-year for those achieving SVR.” Although 
achieving an SVR reduces the risk of HCC in patients with 
advanced fibrosis or cirrhosis, risk is not eliminated. Patients with 
advanced fibrosis or cirrhosis can develop HCC as long as 8 to 
10 years after reaching SVR, underscoring the need for ongoing 
surveillance for HCC in patients with advanced liver disease at 
time of treatment-related viral clearance.*””*” 


Hepatitis C Virus in Children 


Similar to adults, infants and children can become infected 
through exposure to HCV-contaminated blood and blood prod- 
ucts, poor infection control in healthcare settings, and exposure 
to HCV-infected household members.” Infants born to 
HCV-infected mothers can acquire HCV at birth (see Vertical 
Transmission). 

Of persons acquiring HCV infection during childhood, 55% 
to 81% will develop chronic HCV infection. 524 Viremia 


can be intermittent, with 15% of children who test positive for 
HCV RNA by NAT having first had a negative test for HCV 
RNA.” Typically, children infected at birth via the perinatal route 
and who spontaneously clear HCV do so by 15 months of age.*'*° 
However, data from studies observing RNA-positive, HCV- 
infected children for 6 to 10 years demonstrate that an additional 
6% to 14% of children infected with HCV perinatally will spon- 
taneously clear virus during that period of time*’””*’; in one 
study, HCV genotype 3 was a positive predictor for spontaneous 
viral clearance.” 

Although liver failure after acute HCV infection in infancy has 
been reported,’ acute infection among perinatally exposed 
infants is typically a mild disease, with hepatomegaly (the most 
common sign) detected in only approximately 10% of these chil- 
dren.*' Hepatomegaly is associated with elevated aminotransfer- 
ases and an increased likelihood of positive PCR tests for HCV; 
infants with HIV are more likely to have clinical signs of HCV 
infection. 

In otherwise healthy children, hepatitis C typically does not 
cause severe liver damage. Although the disease has potential to 
result in cirrhosis, liver failure, and HCC, these outcomes are rare 
during childhood. Among 332 persistently viremic children with 
multiple modes of transmission followed for 10 years, six (1.8%) 
developed decompensated cirrhosis.” Other studies have found 
a similar risk, with 4% to 12% of HCV-infected children pro- 
gressing to bridging fibrosis and 0% to 3% of children havin 
cirrhosis within 10 to 13 years of becoming HCV infected.” 
Of persons receiving contaminated blood products as children, 
less than 3% had cirrhosis after 20 to 35 years of living with HCV 
infection.” 

Children with certain cofactors are at increased risk of more 
advanced HCV-related liver disease. HCV-infected children with 
B-thalassemia have additional risks for liver disease, and as a 
result, 10% to 30% of HCV-infected children with this blood 
disorder develop cirrhosis.” In one study of 138 persons with 
hemophilia and infected with HCV for an average of 28 years, a 
total of 19 (14%) had cirrhosis and two had HCC.” The progres- 
sion of chronic HCV infection to advanced fibrosis has been 
associated with obesity, steatosis,“ and duration of infection” s 
and disease progression can accelerate as children move through 
late adolescence, reflecting duration of infection and perhaps 
exposure to disease cofactors (e.g., alcohol). A report of HCC 
among two HCV-infected adolescents illustrates that disease pro- 
gression can be relatively rapid for some HCV-infected children.””' 
Thus children with exposures to HCV need to be tested to detect 
HCV RNA, followed to confirm spontaneous clearance or persis- 
tent HCV infection, and referred for management of chronic 
HCV infection and appropriate HCV therapy. 


Prevalence of Hepatitis C Virus 


In 2005, WHO estimated 2.8% of the world’s population, or 
approximately 184 million persons, had evidence of past or 
current HCV infection as indicated by the presence of anti- 
HCV," representing an increase from the anti-HCV prevalence 
of 122 million estimated for 1990 (Fig. 29-7). Based on WHO's 
estimate, 75% to 85% of these persons, or 130 to 150 million, 
are probably living with HCV infection.'°* In the WHO analysis 
by global region, HCV prevalence was highest (>3.5%) in central 
and eastern Asia and north Africa; moderate (1.5-3.5%) in South 
Asia, Southeast Asia, sub-Saharan Africa, Latin America, Carib- 
bean, Oceania, Australasia, and in Central, Eastern, and Western 
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e Fig. 29-7 HCV disease burden and global distribution, 2005. Note: Estimates are derived from a 
meta-analysis of data from 232 studies published between 1997 and 2007, and NHANES data up to 
2010. Point prevalence estimates are calculated using regional population age weights. 


Europe, and low (<1.5%) in the Asian Pacific region, tropical 
Latin America, and North America. Two thirds of all HCV- 
infected persons live in four regions: East Asia (including China), 
South Asia (including Pakistan, India), Southeast Asia (including 
Thailand), and North Africa (including Egypt). However, consid- 
erable variability exists among countries within these regions and 
locally within countries. Across all regions, HCV infection preva- 
lence varies by age or birth cohort with highest prevalence typi- 
cally observed among older adults (e.g., >50 years of age). 
Despite substantial efforts by WHO and others to calculate 
global HCV infection prevalence, estimates remain inaccurate for 
several reasons. First, many countries lack prevalence data from 
general population surveys. In the absence of country-level data, 
extrapolations are made based on regional data, expert opinion, 
data from blood donor registries, or studies of specific populations 
that might not reflect a country’s general population, ™ 02227 
Secondly, many countries lack recent data, limiting opportunities 
to detect changes in HCV infection prevalence over time. The 
differences in prevalence by age and birth cohort reflect the 
decreased incidence in many countries that followed the imple- 
mentation of prevention measures (e.g., HCV screening of 
donated blood). The WHO estimates were based on an 
assumption that country-specific HCV infection prevalence data 
applied to the entire population of children and adults. Also 
problematic is use of surveys that measure anti-HCV positivity 
rather than the presence of HCV through NAT, limiting the 
ability to distinguish between past and current infection. >28 
Recent analyses that have accounted for some of these limitations 
estimate that 115 million persons (1.6% of persons worldwide) 


have been infected with HCV and 80 million (1.1%) are currently 
infected.’ The true global prevalence of HCV infection is 
thought to fall within this range of published estimates. '°*'®””’ 

With the exception of Egypt, the prevalence of HCV infection 
is low in North African countries at 0.3% to 1.2%.” However, 
regional prevalence in these countries is influenced by the heavy 
burden of HCV infection in Egypt. The 2008 Egyptian Demo- 
graphic and Health Survey (DHS) estimated that 10% of the 
population aged 15 to 59 years was currently infected with HCV, 
although preliminary estimates from the 2015 DHS suggest that 
hepatitis C prevalence among persons in this age group has 
decreased to 7%. As mentioned previously, the high prevalence is 
attributed to exposures to HCV that occurred during nationwide 
schistosomiasis control campaigns based on mass parenteral anti- 
schistosomal therapy that began in the early twentieth century 
and continued through the early 1980s until oral medications for 
schistosomiasis became available.*’°' Exposures to HCV in 
formal and informal clinical care settings are the major sources of 
ongoing transmission, contributing to an estimated 150,000 new 
infections annually.” 

Asian countries with high anti-HCV prevalence include Mon- 
golia (10.8%), Pakistan (6.7%), and Taiwan (4.4%).”” Similar to 
Egypt, exposures in healthcare settings are the predominant mode 
of HCV transmission. Another country of high anti-HCV preva- 
lence is Georgia (6.7%), where infection is attributed to both 
injection drug use and unsafe healthcare practices.” Although 
they have relatively low prevalence rates, the population-dense 
countries of China and India account for approximately 15 
million and seven million HCV-infected persons, respectively.” 
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e Fig. 29-8 HCV seroprevalence in Africa, by risk, setting, and region. Meta-analysis of 213 studies 
in 33 countries between 2002 and 2014 (n = 1,198,167 persons). (Data from Rao VB, Johari N, du Cros 
P et al. Hepatitis C seroprevalence and HIV co-infection in sub-Saharan Africa: a systematic review and 


meta-analysis. Lancet Infect Dis 2015;15(7):819-824.) 


In sub-Saharan Africa, an estimated 2.65% of the population 
has been infected with HCV”; variable rates of prevalence have 
been documented among different populations and regions (Fig. 
29-8). Reported antibody prevalence is highest for countries of 
central Africa (6.9%) followed by western Africa (3.7%) and 
southeastern Africa 0.67%. Nigeria, the largest country in Africa, 
has one of the highest prevalence rates of HCV infection in the 
region (8.4%), followed by Gabon and Cameroon.” Ghana 
has identified large variations in HCV infection prevalence within 
the country reflecting differences in HCV-related risk exposures.” 
Despite these rates, the pooled rate of HCV RNA positivity in 
Africa is 50% lower than that observed in other regions. Lower 
HCV RNA positivity could reflect more successful spontaneous 
clearance of HCV after acute infection, as populations exposed to 
the HCV genotypes originating in Africa might have an effective 
immunologic response and resolution of infection. Alternatively, 
limitations in specimen procurement, transportation, and the 
quality of local HCV NAT could affect the reliability of HCV 
NAT to detect current HCV infection.””* 

Within Europe, countries of northern and western Europe 
typically have the lowest estimated HCV prevalence (<1.5%), 
with the exceptions of Portugal (1.8%), Greece (1.9%) and Italy 
(2.0%). Countries of central-eastern Europe have the highest 
prevalence, with Russia (4.1%), Ukraine (3.6%), and Romania 
(3.2%) having the largest burden of HCV infection.” Within 
the Americas, HCV infection prevalence is less than 1.5% in most 
countries. Brazil has an estimated prevalence of 1.6%.” 

Models based on available data suggest HCV infection preva- 
lence is declining in most countries.” These declines might 
reflect both improvements in prevention of HCV infection since 
viral discovery and in mortality from HCV infection and other 
causes, which has reduced the size of HCV-infected popula- 
tions 34236 Mirroring this trend, prevalence of HCV infection 
is typically highest for middle-aged and older aged adults who 
have been infected for many years and are at increasing risk of 
HCV-related disease and mortality. 5626 For instance, in 
Egypt prevalence is highest among persons aged 40 years or older, 
for whom HCV infection prevalence reaches upwards of 25%.” 

Despite declining overall HCV infection prevalence, the burden 
of HCV-related disease and mortality is increasing globally due 
to the large proportion of persons who have lived with HCV 
infection for a long period of time (i.e., decades); countries with 
increased HCV-related morbidity and mortality include those in 


WAGE Ten Leading Causes of Infectious Disease 
LE Deaths, Worldwide, 2013 


1. Lower respiratory tract infections 2.65 million 
2. HIV/AIDS 1.34 million 
3. Tuberculosis 1.29 million 
4. Diarrheal diseases 1.26 million 
5. Malaria 855,000 

6. Hepatitis C 705,000 

7. Hepatitis B 686,000 

8. Meningitis 304,000 

9. Syphilis 137,000 
10. Measles 96,000 


Source: GBD 2013 Mortality and Causes of Death Collaborators. Global, regional, and national 
age-sex specific all-cause and cause-specific mortality for 240 causes of death, 1990-2013: 
a systematic analysis for the Global Burden of Disease Study. Lancet 2013;385:117-171. 


Europe (e.g., Germany, France), the Americas (e.g., United States, 
Brazil), and Asia (e.g., India).??°?*??* HCV is the primary 
cause of HCC in most European and South American countries 
and in certain countries in other regions (e.g., the United States,” 
Japan, Mongolia, Taiwan, and Pakistan’”’). Indeed, rates of HCC 
are increasing in Europe, the United States, and other coun- 
tries.”' HCV-related mortality is also rising. From 1990 to 2013, 
the number of reported HCV-attributable deaths increased 84% 
from 381,000 to 705,000 (Table 29-3). Although health 
models demonstrate that HCV-related morbidity and mortal- 
ity can be reduced by broader access to HCV testing, care, and 
treatment, ”“*?”**” increasing morbidity and mortality trends have 
not been mirrored by improvements in HCV diagnosis and care. 
Only a small proportion (less than one third) of persons in low- 
to-middle income countries have been diagnosed, and except for 
a few notable exceptions (e.g., Australia, the Netherlands, and 
France), no more than 50% of HCV-infected persons have been 
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diagnosed and as few as 10% have been referred for care and 
treatment, 335252254276 


United States 


In the United States, data from the 2003 to 2010 NHANES, 
which includes only the noninstitutionalized, civilian U.S. pop- 
ulation, demonstrates an estimated prevalence of HCV infec- 
tion of 1.0%, corresponding to 2.7 million chronically infected 
persons (CI, 2.2-3.2 million persons). This estimate probably 
underestimates the true U.S. burden of infection because this 
survey excludes incarcerated populations, the homeless, and other 
populations known to have increased risks for HCV infection.” 
Although within the statistical range of error, the most recent data 
represent approximately 500,000 fewer persons than estimated in 
a similar analysis of NHANES data from 1999 through 2002.'” 
A recent systematic review that examined the impact of these 
exclusions estimated that an additional 1.0 million (range, 0.4-1.8 
million) HCV-infected persons from populations not represented 
in the NHANES sampling frame have HCV antibody, including 
505,000 incarcerated persons, 222,000 homeless persons, 123,000 
persons living on Indian reservations, and 75,000 persons in 
hospitals.” 

NHANES data provide an epidemiologic profile of HCV- 
infected persons in the United States. Compared with persons 
who were never infected with HCV, those with chronic HCV 
infection were more likely to be aged 40 to 59 years, male, of 
non-Hispanic black race/ethnicity, and born in the United States. 
As in the previous NHANES analyses, injection-drug use and 
receipt of a blood transfusion before 1992 remain important risk 
factors for HCV infection. However, only approximately one half 
of persons aged 20 to 59 years with current HCV infection 
reported having at least one of these risk factors, suggesting a 
reluctance to report a risk history or suggesting that HCV trans- 
mission (e.g., healthcare exposures) can occur without patient 
knowledge. 

The prevalence of HCV infection has not been estimated for 
infants, children, or adolescents specifically, but it is undoubtedly 
dramatically lower than the 1.0% prevalence among the general 
U.S. population.” However, prevalence of HCV infection among 
adolescents with certain risk factors for HCV infection, such as 
injection drug use, has been shown to be higher than in the 
general pediatric population. In a survey of newly incarcerated 
adolescent detainees, 2% had evidence of HCV infection, 95% 
of whom reported injection-drug use.” 

Across these specific risk populations and among the general 
population, HCV infection prevalence is typically highest for 
middle-aged and older aged adults, an observation that has formed 
the basis for U.S. HCV screening recommendations (Fig. 
29-9).°’°°” Among persons born from 1945 through 1965, esti- 
mated prevalence is 2.6% (CI, 2.1-3.2%), corresponding to an 
estimated 2.16 million persons (CI, 1.70-2.61 million persons) 
living with HCV infection. Based on these most recent estimates, 
persons in the birth cohort are six times more likely to be anti- 
HCV-positive than other adults.” Within this cohort, black 
Americans have twice the prevalence of HCV infection (6.4%) 
compared with whites born in these years. In addition to having 
disproportionate rates of chronic infection, HCV-infected persons 
in the birth cohort population are at significant risk of HCV- 
related morbidity and mortality. From 2001 to 2010, HCV- 
associated inpatient visits increased by more than 60%, and baby 
boomers accounted for 71% of these visits.” Further, HCV- 
infected baby boomers have the highest rates of HCV-related 
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e Fig. 29-9 Prevalence of HCV by year of birth, United States, 1990-1994 
and 1999-2002. 
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e Fig. 29-10 Annual age-adjusted mortality rates from hepatitis B and 
hepatitis C virus and HIV infections listed as causes of death in the United 
States, 2000-2013. (Extended from: Ly KN, et al. The increasing burden 
of mortality from viral hepatitis in the United States between 1999 and 
2007. Ann Intern Med 2012;156:271-278.) 


mortality.’ In 2015, an estimated one million HCV-infected 
persons (95% CI , 875,000-1,245,000) met the high or highest 
criteria for immediate antiviral treatment in the United States, 
most of whom (81%; 95% CI, 73-87%) were born during 1945 
to 1965,77 

From 1999 to 2007, mortality from HCV increased more than 
50% to 15,106 deaths, surpassing the number of deaths from 
HIV (Fig. 29-10). The number of HCV-associated deaths contin- 
ued to rise, reaching 19,368 (5.03 per 100,000) in 2013. The 
number of deaths recorded on vital records from which these 
figures are based almost certainly represent a fraction of all HCV- 
associated deaths. One study showed that fewer than 20% of 
HCV-infected decedents have HCV listed on their death certifi- 
cate, even though 75% or more had premortem evidence of 
serious liver disease.’ Decedents for whom HCV is listed as a 
cause of death on vital records die, on average, 22 to 23 years 
earlier than decedents not listing these infections.”**’ 


Hepatitis C Virus Genotypes 


The hepatitis C virus can be classified into seven genotypes, most 
of which contain numerous subtypes.” Among these 7 geno- 
types there are 67 confirmed subtypes. An additional 20 subtypes 


C e t o SORROM Specific Diseases 


have been provisionally assigned, and 22 subtypes have been iden- 
tified but remain unassigned. ”®®?” Each HCV strain is identified 
using a number (genotype) and lowercase letter (subtype). 

Average nucleotide divergence between HCV strains with dif- 
ferent genotypes is 30% to 35%% and 15% for subtypes.?”®” 
Divergence of the HCV genotypes is believed to have occurred 
500 to 2000 years ago”; as such, highly divergent strains belong- 
ing to the same genotype, when found in a restricted geographic 
area, indicate the presence of a particular endemic HCV genotype 
in that location for hundreds or thousands of years.” For example, 
evidence points to HCV genotype 2 originating and then becom- 
ing endemic in West Aftica.””’””* Other HCV genotypes that 
cluster geographically include genotypes 1 and 4 in Central 
Africa” and the Middle East, genotype 3 in Pakistan’ and geno- 
type 6 in East Asia”; most persons infected with HCV genotype 
7, a recently identified genotype, live in the Democratic Republic 
of Congo’” (Fig. 29-11). Since the mid-twentieth century, certain 
subtypes (e.g., la, 1b, and 3a) have become distributed globally 
as a result of transmission through blood transfusion, unsafe injec- 
tions and other healthcare procedures, and sharing of injection 
equipment among injection-drug users. These geographically 
diverse strains have come to represent the vast majority of infec- 
tions in Western countries.” 

To estimate the distribution of HCV genotypes, studies 
reporting genotype findings published during 1989 to 2013 
were reviewed and the combined overall HCV prevalence esti- 
mates from the Global Burden of Disease (GBD) project evalu- 
ated.™®®?® This analysis revealed genotype 1 as the most common 
HCV infection in the world: of 117 countries reporting genotype 
information, 85 report infections caused by this genotype. Glob- 
ally, genotype 1 accounts for an estimated 83.4 million (46.2%) 


infections, with subtypes la and 1b responsible for 31% and 68% 
of infections, respectively. Genotype 3 is the next most commonly 
reported type of HCV infection, accounting for an estimated 54.3 
million cases (30% of HCV infections worldwide), approximately 
three quarters of which occur among persons in south Asia. 

Genotypes 2, 4, and 6 cause most of the remaining HCV 
infections worldwide, accounting for an estimated 16.5 million 
(9.1%), 15.0 million (8.3%), and 9.8 million (5.4%) cases, 
respectively; Genotype 5 is responsible for the fewest cases of 
HCV infection (1.4 million, or <1% of all cases), most of which 
occur in southern and eastern sub-Saharan Africa. HCV genotype 
2 is most frequently reported in West Africa and parts of South 
America. The concentration of a single genotype in these areas is 
thought to reflect population movements associated with the 
trans-Atlantic slave trade,” because molecular clock estimates of 
HCV lineage movement between Africa and the Americas cor- 
relates with the known timeframe of this practice. 

Multiple lineages of HCV genotype 4 have been exported from 
Central to North Africa since the mid-1800s. One such lineage 
is subtype 4a, which dominates the HCV epidemic in Egypt” 
resulting from the unsafe injections used during the antischisto- 
somal public health campaign.™”?®! Genotype 4 infections have 
been isolated in other African countries, including Cameroon 
and Gabon,” with subtype 4d currently prevalent in some 
injection-drug use populations in many countries, especially those 
in Western Europe.” 

In the United States, data from large health systems and 
commercial laboratories attribute approximately 70% of HCV 
infections to genotype 1, primarily subtypes la (60%) and 
1b (40%). Genotypes 2, 3, and 4 are the cause of 13%, 
12%, and 1% of HCV infections isolated in the United States, 


e Fig. 29-11 HCV genotypes and subgenotypes by region. 
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respectively.” Persons infected with HCV genotype 3 are typi- 
cally younger than those with other types of HCV infection, 
representing circulation of this genotype among PWIDs**”; 
distribution of HCV infection by genotype can also vary substan- 
tially by U.S. geographic region, by up to 10% in some areas.*””*”” 


Diagnosis 


Several types of assays are available to identify persons who have 
been or are currently infected with HCV, including laboratory- 
based and point-of-care serologic HCV antibody (anti-HCV) 
tests, viral nucleic acid tests (which employ various methods of 
signal or target amplification to detect evidence of viral replica- 
tion), and serology-based HCV core antigen tests (Table 29-4). 
Anti-HCV assays can only reveal evidence of a current or past 
infection but are unable to differentiate between the two, whereas 
viral nucleic acid and core-antigen tests provide evidence of 
current HCV infection. 


Anti-Hepatitis C Virus Screening Assays 


Soon after the discovery of HCV, recombinant proteins and syn- 
thetic peptides containing the immunodominant epitopes of the 
virus were used as antigens in immunodiagnostic assays, leading 
to the development of commercially available enzyme immunoas- 
says to screen for anti-HCV immunoglobulin G antibodies as 
evidence of HCV infection.**”’ First generation HCV screening 
tests were based on a yeast-expressed recombinant protein con- 
taining an epitope from the NS4 region (C100-3 epitope) of the 


TABLE 
ee Performance Characteristics of Anti-HCV Assays 
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HCV genome. First used in blood-bank screening, these tests 
reduced posttransfusion-associated HCV (known at that time as 
non-A, non-B hepatitis) by 80%.’*”* 

In 1992, these assays were replaced by higher-performing, 
second generation assays that employed additional antigens, 
including those from the HCV core and NS3 regions; second 
generation assays closed the mean “window period” between 
infection and antibody detection from 16 weeks to 10 weeks and 
improved sensitivity from 92% to 95%.""””*"' Third generation 
assays, licensed in 1996, include reconfigured core and NS3 pro- 
teins and the addition of an NSS protein,*”*'”*!’ further shorten- 
ing the window period by an average of 2 weeks*!”?" and detecting 
HCV infection in half of persons testing negative with second 
generation assays.” The sensitivity and specificity of third genera- 
tion assays are 97% and 99%, respectively.*°°?'*?'? Anti-HCV 
testing also is now available as a point-of-care assay,**?!”?'° which 
exhibits equivalent performance as laboratory-based testing for 
most patients.” Sensitivity of anti-HCV testing might be lower 
for persons with HIV.*'*?”” 


Confirmatory Testing 


Historically, a reactive anti-HCV serologic or point-of-care screen- 
ing test was followed by a second confirmatory antibody assay. In 
1993, FDA approved a recombinant immunoblot assay (RIBA) 
as a confirmatory test; a next generation test was licensed in 1999. 
RIBA was a strip assay and included the same antigens used in 
immunodiagnostic assays together with a human superoxide dis- 
mutase to detect nonspecific antibodies.*'? RIBA testing was 


VITROS anti-HCV assay Ortho Clinical 99.5 98.2 Laboratory Automated; high Involves phlebotomy and 
Diagnostics throughput; serum/plasma 
7 ; cost-effective; separation; requires 

Advia Centaur assay Siemens 97.5 99.9 interface with trained staff; larger 

ARCHITECT anti-HCV Abbott Diagnostics 99.1 99.6 laboratory sample volume; 

information systems; specialized equipment; 

Elecsys anti-HCV Roche Diagnostics 99.4 97.2 read-out of expensive for low 
immunoassay (on signal-to-cutoff throughput settings 
Cobas e411 ratios available 
immunoassay analyzer) 

Elecsys anti-HCV Roche Diagnostics 99.6 97.1 
immunoassay (on 
Cobas e601 
immunoassay analyzer) 

Elecsys anti-HCV Roche Diagnostics 99.6 96.9 
immunoassay (on 
Modular Analytics 
E170) 

OraQuick HCV rapid OraSure 99.5 99.0 Laboratory; CLIA-waived; Low throughout; results only 
antibody test (venous Technologies field point-of-care; qualitative; higher per 
whole blood) smaller sample test cost than laboratory 

3 : volume; no based systems; requires 

Se Ha gs ne 97.9 98.5 phlebotomy and second blood collection 
aTTUDOGY ALES) geno ades preanalytics needed; to determine status of 
(fingerstick blood) 


results available current HCV infection 


within 30 minutes 
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recommended for persons testing reactive with anti-HCV assays, 
particularly for those at low risk of HCV infection.” RIBA tests 
were considered positive if at least two antigens were reactive and 
no nonspecific antibodies could be detected.*”**'” However, HCV 
testing by RIBA had limitations. The assays were labor-intensive, 
cost more than other types of testing and only detected antibodies. 
These barriers limited use to RIBA testing for confirmation of 
HCY infection status. In recent years, RIBA tests have become 
very difficult to obtain. In 2013, the manufacture of RIBA HCV 
3.0 Strip Immunoblot Assay (a supplemental test for use after 
initial HCV antibody testing) stopped in the United States and 
the assay is no longer available.” >” 


Detection of Current Hepatitis C Virus Infection 


In 2013, CDC recommended all reactive screening tests for HCV 
antibody be followed by NAT for HCV RNA (see Fig. 29-2). 
This recommendation changed the focus of HCV testing from 
the confirmation of HCV antibody, a nonspecific marker of past 
or current HCV infection, to detection of HCV infection. The 
licensure of highly effective HCV therapies increased the benefit 
of detecting current HCV infection and linking infected persons 
to care and treatment. 

Testing for HCV RNA is the gold standard for confirming the 
diagnosis of HCV infection and monitoring viral load during and 
after therapy.” Qualitative and quantitative PCR assays for HCV 
RNA testing have been approved for clinical use, and those com- 
mercially available for quantitative HCV PCR tests have limits of 
detection in the range 12 IU/mL to 43 IU/mL.’ HCV NAT can 
detect acute HCV infection early in the course of infection, even 
before a person has developed HCV antibodies. Although the 
typical window period from viremia to detection of HCV anti- 
bodies is approximately 7 to 8 weeks (extending to 13 weeks in 
some cases**), NAT can detect HCV RNA in serum or plasma 
as early as 3 to 5 days after HCV exposure.” For HCV infected 
persons, quantitative HCV NAT measures viral loads, helping 
guide the selection of therapeutic regimens and determinations of 
treatment response. Persons in whom HCV is undetectable 12 to 
24 weeks after completion of therapy are considered to have 
achieved an SVR, or a cure of infection.” 

An alternative to HCV NAT is HCV core antigen testing. The 
HCV “core,” or nucleocapsid protein, is a phosphoprotein of 191 
amino acids in length.’’ Assays have been developed to detect 
HCV core antigen alone or in combination with anti-HCV.” 
Use of HCV core antigen tests is advantageous. First, these tests 
are serologic, making them simpler to use than molecular assays, 
which are multistep complex assays requiring sample processing, 
amplification and detection. In addition, HCV core antigen tests 
have been shown to have a specificity of 99% in testing of blood 
donors and more than 97% sensitivity in detecting HCV RNA 
positive/antibody negative specimens from persons seroconvert- 
ing following acute infection.” 

The CE-marked Abbott HCV core antigen assay represents the 
only commercial assay presently used in Europe and Japan; it is 
not yet available in the United States. In one study of plasma 
donors, the Abbott assay detected 100% and 89% of the HCV- 
positive samples collected from donors in the pre-seroconversion 
phase and from donors who had already seroconverted, respec- 
tively”; similar to a previous study, sensitivity was greater than 
90% for specimens with HCV RNA levels greater than 3000 IU/ 
mL and 20% for specimens with HCV RNA levels less than 3000 
IU/mL. Because most persons infected with HCV have very high 


viral loads, the HCV core antigen assay presents a feasible alterna- 
tive to HCV NAT, particularly in resource-constrained settings. 


Screening to Prevent Hepatitis C Virus—-Related 
Transmission and Disease 


HCV testing is recommended for certain populations based on 
tisk of HCV infection and burden of disease (Table 29-5). The 
purposes of HCV testing are two-fold: to reduce the risk of trans- 
mission (i.e., primary prevention) and to reduce the risk of mor- 
bidity and mortality for those persons already infected with HCV 
(i.e., secondary prevention). Strategies for preventing HCV trans- 
mission include screening donors of blood and other tissues to 
protect recipients from exposures and testing persons with risk 
behaviors for HCV transmission (e.g., injection-drug use); testing 
is followed by referral of HCV-infected persons to recommended 
prevention, care, and treatment services. In addition to preventing 
new infections, HCV testing followed by appropriate care and 
treatment can substantially reduce the risk of all-cause mortality, 
hepatocellular carcinoma, and the risk of liver-related mortal- 
ity. 20932330 Available data suggest that HCV-treatment-induced 
viral clearance also reduces medical costs for patients achieving 
SVR.” Accordingly, the full public health benefits of HCV 
testing are achieved with the completion of the cascade of HCV 
care, which begins with HCV testing and diagnosis, is followed 
by linking HCV-infected persons to a knowledgeable care pro- 
vider, and is complete when HCV-infected persons receive recom- 
mended care and treatment. Unfortunately, only approximately 
half of persons testing positive for anti-HCV in the United States 
are provided confirmatory HCV RNA tests to detect current 
HCV infection.” >”! Even smaller proportions of infected 
persons are successfully entered into care, provided treatment with 
highly effective therapies, and cured of their infection. 

In the United States, the first recommendations for HCV 
testing were published in 1998 as part of a comprehensive pre- 
vention strategy.” In these recommendations, HCV testing was 
recommended for persons at high risk of HCV transmission, 
including those persons who had ever injected drugs, were ever on 
chronic hemodialysis, received blood transfusions or organ trans- 
plants before July 1992, or received clotting factor concentrates 
produced before 1987. Also recommended for HCV screening 
were persons with recent exposures (e.g., healthcare personnel 
after occupational exposures, children born to HCV-infected 


HCV Testing 


Provide a one-time HCV test for persons born during 1945-1965 
Screen persons with a major risk factor: 

e Past or present injection drug use 
Screen persons with the following other risk factors: 

e Received blood/organs prior to June 1992 
Received blood products made prior to 1987 
Ever on chronic hemodialysis 
Infants born to HCV infected mothers 
Intranasal drug use 
Unregulated tattoo 

e History of incarceration 
Screen persons with the following medical indications: 

e Persistently elevated ALT 

e HIV infection 


CDC and USPSTF Recommendations for 
29-5 
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mothers); persons with other medical conditions, including evi- 
dence of liver inflammation (i.e., elevated alanine aminotransfer- 
ase levels); and persons with HIV. 

Risk-based strategies work best in settings where the risk of the 
individual is apparent (e.g., drug treatment settings) or can be 
integrated into treatment programs for the target population (e.g., 
HIV). In many settings, risk-based strategies for HCV testing 
have had limited success, reflecting clinician attitudes about the 
benefits of HCV testing and treatment, the complexity of HCV 
testing process (often requiring multiple clinic visits by the 
patient), and testing costs.” The reluctance of clinicians and 
patients to discuss potentially stigmatizing behaviors considered 
not relevant to the patient-clinician encounter also results in 
missed opportunities for testing: among persons identified as 
having HCV infection in national health surveys, only 50% 
reported a risk of HCV infection, with the remainder unable or 
unwilling to disclose this risk information.*»”” Because of these 
limitations in risk-based strategies for HCV testing, at least 50% 
of HCV-infected persons are unaware of their infection status; the 
proportion might be even greater in some populations.*»””””* 

To overcome these limitations, in 2012 the CDC recom- 
mended one-time HCV testing for all persons born during 1945 
to 19657; the following year, the United States Prevention Ser- 
vices Task Force (USPSTF) also recommended one-time HCV 
testing for this cohort.” In addition to the difficulties in screen- 
ing for risk behaviors and the large proportion of HCV-infected 
persons that do not report risks, the rationale supporting this 
recommendation included several other lines of evidence. First, 
the prevalence of anti-HCV among persons born during 1945 to 
1965 was 3.25% at the time these revised recommendations were 
published, five times higher than rates for other adults.” This 
disproportionate prevalence reflects the high incidence of HCV 
infection prior to viral discovery and the large proportion of 
persons that remain chronically infected. Among persons in the 
1945 to 1965 birth cohort, males have twice the prevalence as 
females, and among males, HCV infection prevalence is highest 
among those who are non-Hispanic black (8%), followed by non- 
Hispanic white (4%) and Mexican-American (3%). CDC's 
2012 recommendations were also developed in response to rising 
HCV-associated morbidity and mortality in the United States, 
with most of the increases occurring among persons in the birth 
cohort.” ®>37 Without expansions in HCV testing, care, and 
treatment, increases in HCV morbidity and mortality are pro- 
jected to continue through 2030.6383 

Also informing CDC’s 2012 recommendations were health 
economic models revealing that birth-cohort testing for HCV 
infection linked to recommended care and treatment was cost- 
effective in the range of $17,000 to $66,000 per quality-adjusted 
life year (QALY), comparable to other clinical preventive ser- 
vices.” Since the release of the 2012 testing guidelines, 
the licensure of all oral HCV medications with higher cure rates 
then previous treatments have increased the benefits of HCV 
testing. A recent study estimates that full implementation of birth 
cohort HCV testing with linkage to care and treatment with all 
oral medications could prevent 321,000 HCV-associated. deaths 
at a cost of $31,000 to $35,000 per QALY gained.” The cost 
of full implementation of HCV testing and linkage to care is 
considerable and mainly driven by the market price of HCV 
medications.” >46 

In addition to improving knowledge of HCV infection status 
for persons living with previously undetected infection, imple- 
mentation of CDC’s HCV testing guidelines has led to increased 


understanding of prevalence in diverse settings, particularly in the 
birth-cohort population. Demonstration projects supported by 
CDC in 2012 to 2013 to implement recommendations for HCV 
birth cohort testing reported anti-HCV prevalence rates of 10% 
for 29,068 persons tested. As examples, birth cohort-based testing 
found anti-HCV prevalence of 11% and 13% for the birth 
cohorts tested at an emergency department and community 
health centers serving low income populations, respectively.” 

Beyond the birth cohort, CDC continues to recommend HCV 
testing based on risks for exposures and medical indications for 
testing; the U.S. Preventive Services Task Force (USPSTF) addi- 
tionally recommends HCV testing for all incarcerated persons and 
those who have received tattoos outside of licensed establish- 
ments.” Similar comprehensive strategies for HCV testing are 
being considered by other countries with high prevalence in older 
cohorts.” Combining risk- and birth-cohort-based_ testing 
strategies is a more inclusive approach to HCV testing and can 
identify a larger proportion of HCV-infected persons than either 
approach alone.” Ultimately, when considering future HCV 
testing recommendations for the United States, a health economic 
case can be made for testing all adults.” 

The success of any HCV testing strategy hinges upon quality 
of test kits and testing procedures. For example, studies have 
shown immediate reflex HCV RNA testing of all anti-HCV- 
positive specimens is more feasible than requiring a second clinic 
visit to obtain a second specimen.” Likewise, improvements in 
the HCV care cascade require implementation of proven care 
models such as Project ECHO, a telemedicine-based knowledge 
network of academic clinical experts and primary-care physi- 
cians.” Enhancements in HCV medications further improve the 
HCV care continuum and patient outcomes. The improved safety 
profile of new all-oral medications removes many of the 
contraindication-related hurdles among the older medications, 
and the lower pill count and shorter courses of treatment increase 
patient acceptance and adherence; high cure rates following com- 
pletion of therapy with these new medications reduces the 
numbers of treatment failures. Given these changes, care and 
treatment of HCV-infected patients can be managed by primary- 
care physicians and midlevel providers with consultation as needed 
by hepatologists and other treatment experts. In turn, the reduc- 
tion in demand for specialists increases patient opportunities to 
successfully navigate and complete the HCV continuum of care. 


Primary Prevention 


Because there is currently no vaccine for hepatitis C, primary 
prevention efforts must rely on reducing the risk of exposure 
to the virus—in settings and among populations at increased 
tisk of HCV infection (Table 29-6). In developing or resource- 
constrained countries prevention strategies need to include uni- 
versal screening of donated blood and promotion of safe injection 
practices (i.e., reducing unsafe injections) in healthcare settings, as 
well as strategies to prevent infection among PWIDs. The use of 
particular testing assays with lower sensitivity and lack of quality 
control measures to ensure blood safety also need attention in 
resource-constrained areas.” 

In developed countries, preventive measures need to focus on 
selected healthcare and community settings and, most importantly, 
PWIDs. Paramount to preventing infection in healthcare settings 
is adherence to infection-control procedures, including good hand 
hygiene, use of gloves, safe handling and disposal of sharps and 
waste, cleaning and disinfecting surfaces and instruments, and 
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tai Prevention Activities 


Primary Prevention Activities 


Universal screening of donated blood 

Testing of plasma, organ, and tissue donors 

Implementation, maintenance, and adherence to universal infection- 
control procedures in healthcare settings 

Good hand hygiene 

Use of gloves 

Safe handling and disposal of sharps and waste 

Safe-injection practices 

Cleaning and disinfecting surfaces and instruments 

Training of healthcare personnel 

Risk-reduction counseling and harm-reduction programs for PWIDs 
e Behavior-change counseling 
e Opioid replacement therapy 
e Syringe service programs, including needle/syringe exchange 
e Drug treatment (to reduce or eliminate drug injection) 

Avoidance of other potential exposures to contaminated blood or body 
fluids (e.g., tattooing in unregulated settings, certain sexual 
practices) 

Treatment to cure HCV infection and eliminate risk of transmission 


Secondary Prevention Activities 


Testing and counseling of persons with known risks for HCV infection 
and as recommended by regional or national policy or guidelines 
(e.g., U.S. adults born during 1945-1965) 

e Counseling about the risks of disease and liver protection 
measures (e.g., brief alcohol screening for alcohol avoidance/ 
cessation) 

Linkage to care for persons identified with HCV infection 
e Medical management of disease cofactors (e.g., alcohol use, 

HIV, obesity, hepatitis A vaccination) 

e Monitor for liver cancer (e.g., assess stage of liver disease) 

Referral to treatment 
e Therapy to suppress virus replication and cure infection 


training of healthcare personnel. Important primary prevention 
for injection-drug users includes comprehensive harm reduction 
programs that focus on access to safe injection equipment, opioid 
replacement therapy, and health education. A number of studies 
have been conducted to understand the relationship between par- 
ticipation in various types of harm reduction programs and sero- 
conversion for HCV,” or reductions in injection-related risk 
behaviors”? among persons who had ever injected drugs. These 
studies found that participation in these programs (e.g., opioid 
replacement therapy and syringe/needle exchange) either alone or 
in combination was associated with a lower incidence of HCV 
infection or a reduction in risk behavior. Findings from many of 
these efforts were further supported in a global systematic review 
and meta-analysis of interventions to prevent HCV infection 
among PWIDs.°*” Interventions that included multiple strate- 
gies (e.g., reducing or eliminating drug injection, safe-injection 
via syringe/needle exchange, and behavior-change counseling) in 


combination were shown to be most effective, reducing the risk 
of seroconversion by 75%. Field trials are needed to demonstrate 
outcomes when these interventions are put into practice. 

HCY therapies provide an additional intervention for prevent- 
ing transmission.” Data from several models suggest that 
modest increases in HCV treatment of PWIDs can result in 
marked reductions in both prevalence and incidence of HCV 
infection. For example, in Edinburgh, where 30% of PWIDs are 
living with chronic HCV infection, a doubling of HCV treatment 
rates (to 15 per 1000 PWIDs annually or 5% of PWIDs with 
chronic HCV infection) could reduce chronic HCV infection 
prevalence and incidence by half within 10 years.” HCV treat- 
ment can also have an impact on transmission in developing 
countries.” HCV treatment has the greatest impact on HCV 
transmission when the therapeutic intervention is started early, 
before HCV infection prevalence increases within the target pop- 
ulation, and when the treatment is offered alongside adequate 
provision of safe injection equipment and addiction treatment 
services.’ Demonstration projects are needed to assess ways to 
best bring together multiple interventions into a comprehensive 
HCV cure and prevention program for PWIDs. 


Conclusion 


Hepatitis C was once a disease defined by exclusion of other 
causes of acute liver disease and was considered to have little 
clinical consequence. Hepatitis C is now known to be caused by 
HCY, a virus with a diversity of genotypes transmitted primarily 
by parenteral exposures, and a major cause of liver cirrhosis and 
primary liver cancer in the United States and globally. The latency 
period of HCV infection is long, and morbidity and mortality 
are rising among persons infected with HCV decades ago. HCV 
screening of donated blood, harm reduction for persons who 
inject drugs, and infection control in healthcare settings are highly 
effective in preventing transmission; however, implementation of 
these measures remains incomplete and incidence unacceptably 
elevated in many parts of the world. Data to detect new infec- 
tions or estimate the burden of HCV disease are lacking in many 
countries, particularly sub-Saharan Africa. 

The arrival of the curative era for HCV increases urgency to 
overcome these challenges. New antiviral therapies are safe and 
highly effective (see Chapter 30), capable of clearing the virus 
from the body and leading to dramatic reductions in risk of liver 
disease for the great majority of persons who complete treatment. 
These new therapies and the prevention opportunities they create 
have prompted some countries to update their HCV testing poli- 
cies, and a few countries have developed national hepatitis C 
prevention plans and programs. However, to realize the benefit of 
curative treatment, the cascade of HCV care must improve with 
dramatic increases in the numbers of HCV-infected persons aware 
of their infection linked to care and with access to treatment. With 
improvements in prevention and greater capacity for testing, care, 
and treatment, HCV transmission and disease can be markedly 
reduced, setting the nation and the world on a course towards the 
elimination of hepatitis C.°” 
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SUMMARY 


Recent Progress 

e New information documenting increases in HCV infection incidence and 
HCV-related morbidity and mortality in the United States and other 
countries. 

e Improved HCV test technologies and policies that expand HCV testing to 
new populations. 

e Evidence of reduced morbidity, mortality, and possibly transmission 
following completion of HCV treatment and clearance of HCV. 

e Results of models demonstrating favorable costs and benefits of HCV 
testing and linkage to care and treatment. 


Knowledge Gaps 

e Lack of reliable epidemiologic data in many countries to track HCV 
transmission and disease. 

e Most persons living with HCV infection are unaware of their infection and 
not in care. 

e Lack of test technologies, care models, and affordable antivirals 
therapies to improve the quality of HCV diagnosis, clinical management 
and treatment in resource limited settings. 


References 


Lack of data to guide the use of HCV therapies and other interventions to 
prevent HCV transmission. 

Limited strategies for reaching hard-to-reach populations at increased 
risk of HCV infection. 


Future Directions 


Improve the evidence base for countries to track transmission, disease 
burden and the impact of HCV testing, therapy, and other interventions 
on incidence and prevalence. 

Increase diagnosis and referral to care and treatment. 

Develop new test technologies and models of care that expand access to 
HCV testing and treatment among hard-to-reach populations. 

Build global and within country partnerships to strengthen capacity for 
prevention and control of HCV infection. 

Develop goals for the elimination of HCV as a public health threat in the 
United States and globally. 


A list of references can be found at www.experconsult.com. 
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ABBREVIATIONS 


AASLD American Association for the Study of Liver Diseases 

AUC area under the curve 

CKD chronic kidney disease 

CYP3A cytochrome P450 3A 

DAA direct-acting antiviral 

DNA deoxyribonucleic acid 

DRESS drug reaction, eosinophilia, systemic symptoms 

ESRD end-stage renal disease 

GFR glomerular filtration rate 

HCC hepatocellular carcinoma 

HCV hepatitis C virus 

HIV human immunodeficiency virus 

IDSA Infectious Diseases Society of America 

IL-28B interleukin-28B 

P-gp P-glycoprotein 

Peg-IFN pegylated interferon 

PRO patient-reported outcomes 

RAV resistance-associated variant 

RBV ribavirin 

RNA ribonucleic acid 

SVR sustained virologic response 

SVR12 sustained virologic response 12 weeks after end of 
treatment 

SVR24 sustained virologic response 24 weeks after end of 
treatment 


Introduction 


Treatment of hepatitis C virus (HCV) infection has undergone 
tremendous change since 2010 and reached heights that few could 
have anticipated in this timeframe. After 2 decades of regimens 
with the backbone of interferon-@, many patients with HCV 
infection have the opportunity to receive all-oral, well-tolerated, 
and highly effective therapies (Fig. 30-1). A number of direct- 
acting antiviral (DAA) agents have been developed and are now 
administered in combination. The safety profile of these medica- 
tions has expanded the populations of patients able to receive 
treatment. Access to these medicines varies throughout the world, 
and therefore diverse treatment options are currently being 
offered. Research continues with new agents in development to 
increase potency and shorten the duration of treatment. 
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The Evolution of Hepatitis C Virus Therapies 


For more than 20 years, therapy for HCV infection was based 
on boosting or supporting the innate immune response of 
interferon-. The limitations of interferon-o in both efficacy and 
adverse event profile led to the development of DAA compounds. 
As depicted in Fig. 30-2, agents have been developed to target 
specific enzymes in the life cycle of HCV.' Following viral entry 
and uncoating, the viral ribonucleic acid (RNA) is translated into 
a polyprotein that is then cleaved into the core protein, envelope 
proteins, and seven nonstructural proteins. The HCV protease is 
a complex of the NS3 and the NS4A cofactor, and the first gen- 
eration of DAA agents targeted this enzyme. A replication complex 
is then formed and consists of the NS3, NS4A, NS4B, NS5A, 
and the NS5B RNA-dependent RNA polymerase. Viral replica- 
tion then occurs, followed by viral assembly and release from the 
hepatocyte. DAA compounds have also been developed for the 
NS5A and the NS5B RNA-dependent RNA polymerase. Early 
studies determined that DAA monotherapy led to treatment 
failure and the development of resistance, and these compounds 
were initially given in combination with peginterferon-a and 
ribavirin (RBV), as outlined in Fig. 30-1. Successful subsequent 
approaches have combined multiple DAA medicines in combina- 
tion and have sometimes also required RBV. Other DAA com- 
pounds are in development but are expected to follow the approach 
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TABLE 


Pie Direct Acting Antiviral Class Attributes 


Potency High Intermediate Intermediate High 

Genotype coverage Multiple genotypes Pangenotypic Limited genotypes Multiple genotypes 
Barrier to resistance Low-intermediate High Low Low-intermediate 
Drug-drug interactions Many Few Moderate Moderate 


outlined in Fig. 30-1. Table 30-1 reviews key attributes of the 
different DAA classes, and Table 30-2 summarizes key attributes 
of the DAA regimens in clinical practice. 


Interferon-o 


As a component of the innate antiviral immune response, 
interferon-© was used to treat “non-A, non-B hepatitis” before the 
identification of HCV in 1989.° Improved response rates were 
observed through the addition of RBV and the pegylation of 
interferon to extend the half-life.’ The generally low response rates 
and the adverse event profile led to the development of the DAA 
compounds. 


Ribavirin 

This guanosine analog was originally approved for treatment of 
respiratory syncytial virus infection but has broad activity against 
several RNA and deoxyribonucleic acid (DNA) viruses.“ Although 
not effective as a single agent, RBV did improve outcomes with 
interferon-a. The mechanism of action of RBV in HCV infection 
has remained elusive. Potential mechanisms that have been 
explored include some degree of direct antiviral effect against the 
HCV RNA-dependent RNA polymerase, inhibition of inosine 
monophosphate dehydrogenase, induction of misincorporation of 
nucleotides by the viral RNA polymerase (leading to less fit or 
lethal variants), and an immunomodulatory effect shifting the 
response from the T helper cytokine balance from a Th2 profile 
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to a more antiviral Th1 profile.’ Although the mechanism remains 
unclear, some interferon-free regimens of potent DAAs gain 
benefit from its addition. Its renal clearance, hemolytic anemia, 
and teratogenic potential have led to efforts to find RBV-free 
regimens. 


Protease Inhibitors 


These agents inhibit the NS3/4A serine protease that is involved 
in posttranslational processing and replication of HCV. Some 
agents block the NS3 catalytic site, whereas others disrupt the 
NS3/NS4A interaction.’ The first-generation protease inhibitors, 
boceprevir and telaprevir, had activity against genotype 1 and were 
approved in 2011 in combination with peginterferon-O and RBV. 
Although these agents increased sustained virologic response 
(SVR) rates to greater than 70%, the use of these agents was chal- 
lenging with a low barrier to resistance, two to three times daily 
dosing, increased risk of anemia, and drug-drug interactions 
related to metabolism by the CYP 3A4/5 enzymes.’* Telaprevir 
carried a risk of severe rash including drug reaction, eosinophilia, 
systemic symptoms (DRESS), and Stevens-Johnson syndrome.’ 
Greater concern emerged with reports that patients with cirrhosis 
had increased morbidity and mortality when treated with bocepre- 
vir and telaprevir in combination with peginterferon- and RBV. 
In the initial report of a French cohort of 674 patients, 40% 
experienced a serious adverse event and 6.4% died or developed 
a major complication (severe infection or hepatic decompensa- 
tion).'° The next generation of protease inhibitors include simepre- 
vir, asunaprevir, paritaprevir, and grazoprevir. These agents have 
broader genotypic coverage and more favorable side-effect profiles 
and dosing schedules. They still have a relatively low barrier to 
resistance, and patients who fail treatment with one protease 
inhibitor are not recommended to receive treatment with another. 
The Q80K variant in the NS3/4A protease was present in approxi- 
mately 30% of genotype-la patients at baseline in studies of 
simeprevir with peginterferon- and RBV from the United States 
and Europe and was associated with lower response rate.'' Testing 
for this variant should be considered in genotype-la patients 
considering simeprevir. These second-generation protease inhibi- 
tors have been developed into potent interferon-free combina- 
tions for genotypes 1, 4, and 6.'*'? Ongoing research for the next 
generation of protease inhibitors seeks pangenotypic coverage for 
this class of compounds. 


Polymerase Inhibitors 


NS5B is an RNA-dependent RNA polymerase required for viral 
replication. The polymerase inhibitors target the NS5B poly- 
merase and are divided into the nucleoside/nucleotide analogs and 
nonnucleoside agents. Nucleotide inhibitors are phosphorylated 
within the hepatocyte to nucleoside triphosphate that then com- 
petes with nucleotides and leads to chain termination during viral 
replication. The nucleotide polymerase inhibitors are an attractive 
class with their high barrier to resistance and pangenotypic activ- 
ity.° Sofosbuvir, however, is the only nucleotide polymerase inhib- 
itor successfully developed to date, and the use of other agents has 
been halted because of toxicity. Sofosbuvir is a first-line agent 
for genotypes 2 and 3 in combination with RBV and with ledi- 
pasvir in a fixed-dose combination for genotypes 1, 4, and 6.7" 
The nonnucleoside polymerase inhibitors bind to one of four 
allosteric sites referred to as thumb domains 1 and 2 and palm 
domains 1 and 2. The nonnucleoside polymerase inhibitors have 


a low to moderate barrier to resistance and are genotype specific. 
Dasabuvir was the first nonnucleoside polymerase inhibitor 
approved in 2014 for genotype 1 in combination with ombitasvir 
and ritonavir-boosted paritaprevir.'* 


NS5A Inhibitors 


Although the exact mechanism of action for these compounds 
is unknown, the NS5A inhibitors have effects on viral replica- 
tion and assembly.” They have a moderate barrier to resistance, 
and baseline resistance-associated variants (RAVs) may influence 
treatment responses but this is a topic of ongoing research. This 
class is active against all genotypes, but not all first-generation 
agents were sufficiently potent and developed as pangenotypic 
compounds. Daclatasvir was the first NS5A inhibitor approved in 
2014 in Japan in combination with the protease inhibitor asuna- 
previr for genotype-1b infection.'* Daclatasvir was then approved 
in Europe and the United States for combination therapy with 
sofosbuvir. Several other NS5A inhibitors have been developed in 
fixed-dose combination regimens with other DAA compounds: 
ledipasvir with sofosbuvir, ombitasvir with paritaprevir/ritonavir, 
and elbasvir with grazoprevir.'*'? Of the first wave of NSSA 
inhibitors, only daclatasvir could be described as pangenotypic, 
and its activity against genotype 3 in combination with sofosbu- 
vir provided an alternative to the initial interferon-free regimen 
of sofosbuvir and RBV. NS5A inhibitors in development (e.g., 
velpatasvir) seek to be pangenotypic in potent interferon-free 
combinations. 


Goals of Hepatitis C Virus Treatment 


When reviewing clinical trials in the HCV literature, the accepted 
endpoint of treatment is the sustained virologic response (SVR), 
which was originally defined as undetectable HCV RNA 24 weeks 
after the end of treatment. If the patient had undetectable HCV 
RNA 12 weeks after treatment ended, relapse was noted to be 
extremely rare, and so SVR12 also became an accepted end- 
point.” SVR was determined to be durable and allowed clinicians 
to use the word cure with patients. In a cohort study of 1243 
patients with HCV and 100 patients with human immunodefi- 
ciency virus (HIV) and HCV from nine trials in which SVR was 
followed for a mean of 3.9 years (range 0.8-7.1 years), HCV RNA 
was again positive in 0.9% of patients.” Patients treated for HCV 
are at risk for reinfection, and viral sequencing established that 
reinfection had occurred rather than late relapse.” 

HCV infection affects morbidity and mortality of patients, 
especially with the development of cirrhosis and the complications 
of portal hypertension and hepatocellular carcinoma (HCC). 
Removal of the virus from the patient is therefore only meaningful 
if the natural history of HCV infection is altered. An important 
study from five hospitals in Europe and Canada evaluated this 
issue in patients with advanced fibrosis or cirrhosis. The cohort 
included 530 patients with and without SVR following treatment 
with interferon-containing regimens. Patients were followed for 
a median of 8.4 years. Fig. 30-3 demonstrates the substantial 
reduction in liver-related mortality and HCC in those achieving 
SVR.” The study also found a reduction in the 10-year cumula- 
tive incidence of all-cause mortality from 26% in those without 
SVR to 8.9% in those with SVR. A similar analysis examined 
the impact of HCV treatment in routine clinical practice in 
the United States Veterans Affairs medical centers. The study 
cohorts included 12,166 genotype-1, 2904 genotype-2, and 1794 
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e Fig. 30-3 Sustained virologic response improves all outcomes, 
including mortality. HCC, Hepatocellular carcinoma; SVR, sustained viro- 
logic response. 


genotype-3 patients treated with interferon-containing regimens 
with median follow-up of 3.8 years. Multivariate survival models 
determined that SVR was associated with reduced risk of mortal- 
ity for each genotype (genotype-1 hazard ratio, 0.70, p < 0.0001; 
genotype-2 hazard ratio, 0.64, p = 0.006; genotype-3 hazard ratio, 
0.51, p = 0.0002).” Multiple studies in diverse populations have 
therefore demonstrated benefits in liver-related outcomes and all- 
cause mortality with eradication of HCV infection. 

In addition to the clinical outcomes, patient-reported out- 
comes (PRO) have been studied with HCV treatments. For the 
years with only interferon-containing regimens, patients had to 
balance the risk of adverse events and impaired health-related 
quality of life with the benefits of treatment success. A systematic 
review determined that interferon-free regimens were superior to 
the interferon-containing regimens in terms of patient experience 
with improved PRO scores as early as 2 weeks into treatment.” 
These regimens have resulted in lower discontinuation rates 
because of adverse events and given more patients the opportunity 
to achieve SVR.” Long-term studies are needed to understand the 
effect of HCV treatment and SVR on PRO measures, particularly 
in patients with early-stage disease at low risk of complications 


from HCV. 


Candidacy for Antiviral Therapy 
and Pretreatment Assessments 


When considering a patient for HCV therapy (Table 30-3), three 
important pieces of information are needed to guide the treatment 
plan for all patients: genotype, prior treatment history, and stage 
of liver disease. The HCV genotype will influence the specific 
selection of DAA medications. The prior treatment history will 
determine DAA selection and duration of treatment. Some of the 
available regimens contain a protease inhibitor (simeprevir, pari- 
taprevir, asunaprevir, and grazoprevir). There is risk of the devel- 
opment of RAVs when exposed to a protease inhibitor again, and 
previous treatment with one of these medicines or one of the 
earlier protease inhibitors (e.g., boceprevir or telaprevir) should 
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lead to the selection of a regimen without a protease inhibitor. 
The development of resistant variants to the nucleotide poly- 
merase inhibitor sofosbuvir is exceedingly rare and is associated 
with a significant reduction in viral fitness.” Patients who have 
failed sofosbuvir have been successfully treated again with a 
sofosbuvir-containing regimen. As new medicines like the NS5A 
inhibitors emerge in clinical practice, the impact of prior treat- 
ment and the risk of resistance will be important to understand. 
It is unclear if failure with an NS5A inhibitor—containing regimen 
impacts response to a future NS5A-containing regimen. The stage 
of liver disease also impacts treatment selection and duration. At 
the initial encounter, the clinician will ask about complications of 
portal hypertension (ascites, gastroesophageal varices, and hepatic 
encephalopathy) or HCC in the history and then look for stig- 
mata of portal hypertension on physical examination, including 
ascites, splenomegaly, gynecomastia, and spider angiomata. If the 
patient has no signs or symptoms of cirrhosis or portal hyperten- 
sion, an assessment of fibrosis should be performed. Although 
liver biopsy was routinely performed in the past, noninvasive tests 
for fibrosis have been studied extensively in HCV patients and 
can be considered.” In general, these noninvasive tests group 
patients well into early-stage fibrosis (FO-F 1) and significant fibro- 
sis (F2-F4) or cirrhosis (F4).*° These tests do not differentiate one 
stage from another with the clarity of histology, and results may 
be falsely elevated if the patient has significant inflammatory activ- 
ity, but they have high provider and patient acceptability. Nonin- 
vasive test options include serologic panels and radiologic tests. 
Radiologic tests of elastography using ultrasound and MRI assess 
liver stiffness, and the ultrasound-based technologies are available 
in many parts of the world.” The serologic tests include com- 
mercial assays of serum markers (e.g., Fibrospect, Prometheus 
Laboratories, San Diego, CA; FibroTest/FibroSure, LabCorp, 
Burlington, NC; Hepascore, Quest, San Juan Capistrano, CA) 
and formulas derived through routine laboratory tests. The aspar- 
tate aminotransferase to platelet ratio (APRI) uses just those two 
tests, and the FIB-4 also requires the age and alanine aminotrans- 
ferase.””*? Online calculators and applications are available for 
these tests. 

If the patients have comorbidities, these will need to be con- 
sidered in the selection of treatment. When all regimens contained 
interferon-,, clinicians spent considerable time in the assessment 
of candidacy for antiviral treatment. Interferon-& had known 
complications and contraindications, and these are listed in Table 
30-3. RBV is renally cleared and is therefore challenging to dose 
in patients with chronic kidney disease (CKD) and end-stage 
renal disease (ESRD) on dialysis.** RBV causes hemolytic anemia 
that is exacerbated by bone marrow suppression when paired with 
interferon-o. Patients with hemoglobinopathies and those with 
cardiac or pulmonary disorders exacerbated by anemia are there- 
fore not good candidates for RBV-containing regimens. RBV is a 
known teratogen and should not therefore be given to women or 
their male partners during conception or pregnancy. All women 
and men of childbearing potential should be counseled on the 
need for two effective forms of birth control, and women need 
monthly pregnancy tests on treatment. The DAA medications 
have generally been developed with the expectation that they 
needed to be well tolerated by a broader population. Sofosbuvir 
is currently a component of treatment for many patients, and 
there no recommended dose in patients with advanced CKD and 
ESRD because of build-up of the active metabolite.” Drug-drug 
interactions need to be considered for all patients, and various 
online tools and applications are available in addition to the 
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ores Me Checklist for Hepatitis C Virus Therapy 


SISENEB Specific Diseases 


HCV viral load Confirms infection 
Guides duration for some regimens 
HCV genotype Guides regimen selection 


History of prior HCV treatment 


Prior interferon or DAA treatment guides choice of DAA regimen 


Stage of liver disease 


Guides duration for some regimens 
History and physical to rule out decompensated cirrhosis. 
In compensated patients, options include serum panels, elastography, and liver biopsy. 


HIV status 


HIV needs to be well controlled before HCV treatment with consideration of drug-drug interactions with HIV 
antiretrovirals. 


Drug-drug interactions 


DAAs have specific drug-drug interactions included in package inserts and available in online applications. Key current 
issues include impact on HIV antiretroviral regimens for many regimens and amiodarone induced bradycardia with 
sofosbuvir. 

Use of herbal preparations must be reviewed because of drug-drug interactions with St. John’s wort and milk thistle 


Interferon eligibility 


Interferon-containing regimens contraindicated if uncontrolled mental illness, decompensated cirrhosis, solid organ 
transplant other than liver, autoimmune conditions, severe medical illness. 


RBV eligibility 


Pregnant patients should not take RBV. RBV is a teratogen and warrants two forms of birth control. 
Ability to tolerate hemolytic anemia should be considered for patients with reduced GFR, low baseline hemoglobin or 
comorbidities including hemoglobinopathies, cardiac, or pulmonary disease. 


Renal function, including eGFR 


RBV has renal clearance and should be avoided or dosed cautiously in CKD. 
Sofosbuvir has renal clearance and no dose established if GFR < 30 mL/min or on dialysis. 
All new DAAs need review of renal clearance and dosing recommendations. 


Pregnancy status 


Pregnant women and their male partners and those attempting to conceive should delay treatment. 


Comorbidities See interferon and RBV eligibility. 
Seizure disorders warrant caution and review of drug-drug interactions. 
Adherence Patients must be ready and supported to take daily medications to maximize treatment success and avoid resistance. 


Other laboratory testing 


Iron studies (if RBV) 


Prothrombin time 
Hepatitis B surface antigen 


Thyroid-stimulating hormone (if interferon) 


CKD, Chronic kidney disease; DAA, direct-acting antiviral; GFR, glomerular filtration rate; HCV, hepatitis C virus; HIV human immunodeficiency virus. 


information provided in package inserts. The review of potential 
drug-drug interactions should include herbal preparations; for 
example, St. John’s wort reduces the exposure to multiple DAAs 
whereas milk thistle increases exposure to simeprevir. Key medica- 
tions are substrates of the cytochrome P450 3A (CYP3A) and 
P-glycoprotein (P-gp) transporters. HIV medications need to be 
reviewed and may impact HCV treatment selection. Ledipasvir/ 
sofosbuvir leads to elevated levels of tenofovir, a drug common 
in HIV regimens. Ritonavir is a component of the ombitasvir/ 
paritaprevir/dasabuvir regimen, and boosted HIV protease inhibi- 
tors are not recommended. For all potential drug-drug interac- 
tions, clinicians will need to determine if medications can be held 
or switched or if another HCV regimen should be selected. The 
use of updated or online tools will be important for these medica- 
tion considerations in the event that new interactions are deter- 
mined. Such an example occurred following the approval of 
sofosbuvir when cases of serous symptomatic bradycardia were 
reported in patients on amiodarone. This combination is therefore 
no longer recommended.” 


Hepatitis C Virus Treatment Regimens 


The field of HCV treatment has undergone tremendous change 
in recent years. The first-generation protease inhibitors, boceprevir 
and telaprevir, entered clinical practice in 2011 and were no 
longer in use by 2014.” They were replaced by interferon-free 
options with better efficacy and fewer side effects. Three interferon- 
free combination regimens for genotype-1 infection were available 
by 2014, and multiple other regimens are expected to enter clini- 
cal practice within the next 2 years. Any discussion of specific 
treatment recommendations therefore is a snapshot in time in this 
fast-changing field. 

To help guide clinicians with the rapid pace of change in HCV 
treatment, a joint committee of members of the American Asso- 
ciation for the Study of Liver Diseases (AASLD) and the Infec- 
tious Diseases Society of America (IDSA) was formed to meet 
regularly and provide updated guidance that reflected the latest 
research and included the entry of new agents and regimens. As 
of the time of this writing in 2015, the current recommendations 
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WEJ American Association for the Study of Liver Diseases/Infectious Diseases Society of 
‘Sei America Recommendations for Genotype-1 Treatment 


Treatment Naive 


Genotype 1a, no cirrhosis 12 weeks 12 weeks with RBV 12 weeks 12 weeks 
Genotype 1a, cirrhosis 12 weeks 24 weeks with RBV 24 weeks 24 weeks 
+ RBV + RBV 
Genotype 1b, no cirrhosis 12 weeks 12 weeks 12 weeks 12 weeks 
Genotype 1b, cirrhosis 12 weeks 12 weeks 24 weeks 24 weeks 
+ RBV + RBV 
Treatment Experienced (Peginterferon-œ + RBV) 
Genotype 1a, no cirrhosis 12 weeks 12 weeks with RBV 12 weeks 12 weeks 
Genotype 1a, cirrhosis 24 weeks or 24 weeks with RBV 24 weeks 24 weeks 
12 weeks with RBV + RBV + RBV 
Genotype 1b, no cirrhosis 12 weeks 12 weeks 12 weeks 12 weeks 
Genotype 1b, cirrhosis 24 weeks or 12 weeks 24 weeks 24 weeks 
12 weeks with RBV + RBV + RBV 
Treatment Experienced (Peginterferon-œ + RBV + Protease Inhibitor) 
Genotype 1a/1b, no cirrhosis 12 weeks Not recommended Not recommended 12 weeks 
Genotype 1a/1b, cirrhosis 24 weeks or Not recommended Not recommended 24 weeks 
12 weeks with RBV + RBV 


Treatment Experienced (Sofosbuvir + RBV Failures + Peginterferon) 


12 weeks with RBV 
24 weeks with RBV 


Genotype 1a/1b, no cirrhosis 


Genotype 1a/1b, cirrhosis 


RBV, Ribavirin. 


for genotype 1 are summarized in Table 30-4 and for genotypes 
2 through 6 in Table 30-5.” 


Genotype-1 Regimens 


Ledipasvir and Sofosbuvir 


This regimen combines the NS5A inhibitor, ledipasvir, with the 
nucleotide polymerase inhibitor, sofosbuvir, in a fixed-dose com- 
bination tablet. Findings from key studies with ledipasvir and 
sofosbuvir are included in Fig. 30-4. The ION studies were large 
phase-3 clinical trials for this regimen. The studies for treatment- 
naive patients were ION-1 and ION-3. ION-1 enrolled 865 
genotype-1 patients with compensated liver disease, including 
cirrhosis.'* They were randomized to receive ledipasvir and sofos- 
buvir in a fixed-dose combination tablet once daily for 12 weeks 
or 24 weeks, with and without RBV. The SVR12 rates in these 
groups ranged from 97% to 99%, with no differences observed 
in subgroup analyses examining the presence of compensated 
cirrhosis or genotype la versus 1b. This study concluded that 
ledipasvir and sofosbuvir for 12 weeks without RBV was effective 
in treatment-naive patients. The ION-3 study evaluated shorter 
duration therapy in treatment-naive genotype-1 patients without 
cirrhosis.” This study randomized 647 patients to ledipasvir and 
sofosbuvir for 8 weeks, ledipasvir and sofosbuvir plus RBV for 8 
weeks, or ledipasvir and sofosbuvir for 12 weeks. The SVR12 rates 


were 93% to 95% for the three treatment groups, and the regi- 
mens were determined to be noninferior. An analysis of ION-3 
by the U.S. Food and Drug Administration (FDA) found that the 
relapse rate in the 8-week regimen was 10% (9/92) in patients 
with HCV RNA greater than 6 million [U/mL and 2% (2/123) 
if less than this threshold.” This analysis was the basis for the FDA 
recommendation to consider 8 weeks of treatment only for 
genotype-1, treatment-naive patients without cirrhosis and with 
HCV RNA of less than 6 million IU/mL. The ION-2 study 
evaluated this regimen in genotype-1 treatment-experienced 
patients with compensated liver disease, including cirrhosis.“ 
Patients had previously failed treatment with peginterferon-@ and 
RBV. Importantly, these prior treatment regimens could have 
included a protease inhibitor. The study enrolled 440 patients who 
were randomized to receive ledipasvir and sofosbuvir once daily 
for 12 weeks, ledipasvir and sofosbuvir plus RBV once daily for 
12 weeks, ledipasvir and sofosbuvir once daily for 24 weeks, or 
ledipasvir and sofosbuvir plus RBV once daily for 24 weeks. 
SVR12 rates were 94% and 96% in the 12-week groups with and 
without RBV and 99% in both 24-week groups. The lower treat- 
ment responses in the 12-week groups were attributed to the 
outcomes in patients in cirrhosis with SVR in 19/22 (86%) 
without RBV and 18/22 (82%) with RBV. The SVR rates for the 
24-week groups were 100% in patients with cirrhosis. These find- 
ings led to the recommendation to offer 24 weeks of therapy to 
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WA: American Association for the Study of Liver Diseases/Infectious Diseases Society of 
Se America 2015 Treatment Recommendations for Genotypes 2 Through 6 


2, naive Recommended Recommended 12 weeks 
12 weeks 
Cirrhosis: 16 weeks 
2, experienced Alternative Recommended 
12 weeks 16-24 weeks 
2, sofosbuvir failure Recommended Recommended 
12 weeks 24 weeks 
+ RBV 
3, naive Recommended Alternative Recommended 
12 weeks 24 weeks 12 weeks 
Cirrhosis: 24 weeks + RBV 
3, experienced Recommended Recommended 
12 weeks 12 weeks 
Cirrhosis: 24 weeks + RBV 
4, naive Alternative Recommended Recommended Recommended 
12 weeks 24 weeks 12 weeks 12 weeks 
4, experienced Recommended Recommended Recommended Recommended 
12 weeks 24 weeks 12 weeks 12 weeks 
5, naive Alternative Recommended 
12 weeks 12 weeks 
5, experienced Alternative Recommended 
12 weeks 12 weeks 
6, naive Alternative Recommended 
12 weeks 12 weeks 
6, experienced Alternative Recommended 
12 weeks 12 weeks 


RBV, Ribavirin. 


treatment-experienced patients with cirrhosis. However, the 
SIRIUS study offered an alternative to patients with cirrhosis. 
This study evaluated patients with compensated cirrhosis and 
treatment failure from a peginterferon-a, RBV, and protease 
inhibitor regimen."! Patients were randomized to ledipasvir and 
sofosbuvir for 24 weeks or ledipasvir, sofosbuvir, and RBV for 12 
weeks. Of the 155 patients randomized, SVR12 rates were 96% 
with 24 weeks without RBV and 97% with 12 weeks with RBV. 
For the patient eligible for RBV therapy, the 12-week regimen 
offers a substantial reduction in the duration of treatment. 


Paritaprevir/Ritonavir, Ombitasvir, and Dasabuvir 

This regimen combines the protease inhibitor paritaprevir (boosted 
by ritonavir) and the NSSA inhibitor ombitasvir in a single 
tablet given once daily plus a separate tablet of the nonnucleoside 
inhibitor dasabuvir given twice daily. Findings from key studies 
with paritaprevir/ritonavir, ombitasvir, and dasabuvir are included 
in Fig. 30-4. A large phase-3 program supported the approval 
of this regimen. SAPPHIRE-I and SAPPHIRE-II studies evalu- 
ated the regimen with RBV and established safety and efficacy for 
the regimen in placebo-controlled trials of treatment-naive and 
treatment-experienced patients.“ The PEARL studies evaluated 


the role of RBV for the regimen in genotype-la and genotype-1b 
patients. PEARL-III enrolled 419 genotype-1b treatment-naive 
patients without cirrhosis and randomized them to the regimen 
with and without RBV for 12 weeks.“ The SVR12 rates were 
99.5% with and 99.0% without RBV. PEARL-IV was a similar 
study in 305 genotype-la treatment-naive patients, but the 
SVR12 rates were 97% with and 90% without RBV.“ The 
PEARL-II study enrolled 179 treatment-experienced patients 
without cirrhosis to 12 weeks of the regimen with and without 
RBV. The SVR12 rate was 100% in the group without RBV and 
96% in the group with RBV.“ The PEARL studies ultimately 
supported the need for RBV in genotype-la patients without cir- 
rhosis and the suitability of a RBV-free regimen in genotype-1b 
patients without cirrhosis. The TURQUOISE-II study was a large 
trial of 380 patients with compensated or Child-Pugh class A 
cirrhosis. Both treatment-naive and treatment-experienced 
patients were enrolled. The study randomized patients to 12 or 
24 weeks. All patients received RBV, therefore the role of RBV in 
genotype-1b patients with cirrhosis was not addressed in this 
study. The regimen was well tolerated in patients with anemia, as 
expected from RBV. Overall, the SVR rate was 92% (191/208) 
with 12 weeks of treatment and 96% (165/172) with 24 weeks 


Œ IONS: treatment naive, noncirrhotic 
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© PEARL III and IV: treatment naive, noncirrhotic 


Œ SIRIUS: Protease inhibitor failures with compensated cirrhosis 
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e Fig. 30-4 Key study findings with genotype-1 regimens. 


of treatment. Genotype-1b patients did very well with both 12 
weeks (99%, 67/68) and 24 weeks (100%, 51/51); therefore 12 
weeks of treatment is recommended for this subtype. Lower SVR 
rates were observed for genotype-la patients treated with 12 
weeks (88.6%, 124/140) compared with 24 weeks of treatment 
(94.2%, 114/121). This difference was largely driven by the lower 
SVR rates in the genotype-la null-responder patients with SVR 
rates of 80% (40/50) for 12 weeks and 92.9% (39/42) for 24 
weeks. This study ultimately led to a recommendation of 24 weeks 
of treatment with this regimen for treatment-naive and treatment- 
experienced genotype- 1a patients with cirrhosis.” The subsequent 
TURQUOISE-III trial examined the need for RBV with geno- 
type 1b compensated cirrhosis and demonstrated that all 60 
(100%) patients achieved SVR with this regimen without RBV.“° 


Simeprevir and Sofosbuvir 


The protease inhibitor simeprevir and the nucleotide poly- 
merase inhibitor sofosbuvir were initially separately approved 


in combinations with peginterferon-o and RBV, but clinicians 
embraced the combination of simeprevir and sofosbuvir based 
upon the results of the COSMOS trial. Only later did this 
regimen receive FDA approval. The COSMOS trial enrolled an 
initial cohort of 80 prior-null responders with early-stage fibrosis 
and then a second cohort of 87 patients who were treatment- 
naive or prior-null responders with bridging fibrosis or cirrhosis." 
Patients were randomized to 12 or 24 weeks of treatment with 
or without RBV. SVR was achieved in 72/80 (90%) of patients 
in cohort 1 and 82/87 (94%) in cohort 2. Subset analyses were 
limited by the small sample size, but SVR rates were not clearly 
impacted by stage of fibrosis, treatment history, genotype subtype, 
or the presence of the Q80K polymorphism. Pooled analyses were 
conducted with the two cohorts and suggested no benefit from 
RBV. The number of patients with cirrhosis receiving 12 weeks 
of treatment without RBV was only 7, and 6 (86%) achieved 
SVR. All 10 patients with cirrhosis treated for 24 weeks with 
RBV achieved SVR, and the FDA did recommend 24 weeks of 
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treatment for patients with cirrhosis.“ Following the approval of 
the combination of simeprevir and sofosbuvir, the OPTIMIST 
studies were reported in 2015. OPTIMIST-1 enrolled 310 
genotype-1 treatment-naive and treatment-experienced patients 
without cirrhosis to 8 or 12 weeks of simeprevir and sofosbuvir 
without RBV.‘ Overall, SVR rates were 150/155 (97%) with 
12 weeks duration and 128/155 (83%) with 8 weeks duration. 
The failures with the 8-week duration were largely attributed to 
relapse. For genotype 1b, SVR was achieved by 38/39 (97%) 
with 12 weeks and 36/39 (92%) with 8 weeks. SVR rates were 
lower for genotype la with 8 weeks (79%, 92/116) than 12 weeks 
(97%, 112/116). The 8-week duration suggested lower response 
rates based upon presence (73%, 36/49) versus absence (84%, 
56/47) of the Q80K mutation. This study concluded that patients 
without cirrhosis required 12 weeks of simeprevir and sofosbu- 
vir. OPTIMIST-2 was a single-arm study for treatment-naive 
and treatment-experienced patients with compensated cirrhosis 
to receive 12 weeks of simeprevir and sofosbuvir without RBV.”” 
SVR was achieved in 86/103 (83%), with relapse as the most 
common reason for virologic failure. SVR was achieved in 26/31 
(84%) of genotype-1b patients. Again, the Q80K polymorphism 
seemed to impact genotype-la outcomes. SVR rates were 25/34 
(74%) if Q80K was present and 35/38 (92%) if not present. 
This study suggested 12 weeks of treatment was not adequate for 
patients with cirrhosis and also raised the question of the need 
for RBV to improve SVR. Findings from these key studies with 
simeprevir and sofosbuvir are included in Fig. 30-4. 


Grazoprevir and Elbasvir 


The once daily combination of the NS3/4A protease inhibitor 
grazoprevir and the NS5A inhibitor elbasvir is currently under 
regulatory review. Findings from key studies with grazoprevir and 
elbasvir are included in Fig. 30-4. The phase-2 C-WORTHY 
study evaluated this regimen in both treatment-naive and 
treatment-experienced patients with HCV (a = 159) and 
HIV-HCYV coinfection (n = 59). Patients without cirrhosis were 
treated for 8 or 12 weeks with or without RBV. SVR12 rates for 
patients treated for 12 weeks without RBV were 33/34 (98%) in 
HCV and 26/30 (87%) in HIV-HCV. The 8-week arm with RBV 
included only genotype-la HCV patients, and SVR12 was 24/30 
(80%)—much lower than 12 weeks with RBV at 72/76 (95%). 
C-WORTHY also enrolled treatment-naive patients with cirrhosis 
and those with prior-null response with or without cirrhosis. 
These patients were treated for 12 or 18 weeks, and high SVR 
rates (90-100%) were observed in both durations with or without 
RBV. For patients who received treatment for 12 weeks without 
RBV, SVR12 rates were 28/29 (97%) in treatment-naive cirrhot- 
ics and 30/33 (91%) in prior-null responders.” The C-EDGE 
treatment-naive study evaluated this regimen in 421 patients with 
genotype-1, genotype-4, and genotype-6 infections.’ Focusing on 
the genotype-1 patients, SVR was achieved in 144/157 (92%) 
genotype-la patients and 129/131 (99%) genotype-1b patients. 
Relapse was the most common reason for virologic failure. NSSA 
RAVs were identified before treatment in 19 genotype- la patients, 
and SVR was achieved in 11/19 (58%) compared with 133/135 
(99%) in patients with and without an NS5A RAVs. This study 
has contributed to the discussion of the role of NS5A resistance 
in treatment outcomes and the role of resistance testing before 
treatment. C-SALVAGE was another important study exploring 
outcomes in patients who had failed an NS3 protease inhibitor. 
Patients received grazoprevir, elbasvir, and RBV for 12 weeks. 


Before treatment, 34/78 (44%) had NS3 RAVs identified. SVR12 


was achieved in 76/79 (96%). Subset analyses revealed SVR12 
rates of 28/30 (93%) in genotype la, 43/43 (100%) if no baseline 
RAVs, 31/34 (91%) if baseline NS3 RAVs, 6/8 (75%) if baseline 
NS5A RAVs, 4/6 (67%) if both baseline NS3 and RAVs, and 
32/34 (94%) in patients with cirrhosis.” These studies support 
that grazoprevir and elbasvir will be another potent regimen for 


HCV therapy. 


Genotype-2 Regimens 


Sofosbuvir and Ribavirin 
The regimen of sofosbuvir and weight-based RBV is the first- 


line regimen for treatment-naive and treatment-experienced 
genotype-2 patients. The studies to support this regimen were 
FISSION, POSITRON, and FUSION. The FISSION study 
enrolled treatment-naive patients and randomized them to either 
peginterferon-o and RBV for 24 weeks, or sofosbuvir and RBV 
for 12 weeks. For genotype 2, this shorter-duration regimen of 
sofosbuvir and RBV was more effective (SVR 97%, 68/70) when 
compared with peginterferon-a and RBV (SVR 78%, 52/67).'” 
The POSITRON study enrolled patients who were interferon 
intolerant, interferon ineligible, or unwilling to take interferon. 
Patients were randomized to sofosbuvir and weight-based RBV or 
placebo. The placebo control design established that the regimen 
was safe and well tolerated, and the SVR rate was 101/109 (93%) 
among genotype-2 patients.’ The FUSION study enrolled 
patients who had failed interferon-based regimens and random- 
ized them to 12 or 16 weeks of sofosbuvir and RBV. Among all 
genotype-2 patients, SVR was 31/36 (86.1%) with 12 weeks and 
30/32 (93.8%) with 16 weeks of treatment. Further breakdown 
revealed that the outcomes were excellent in noncirrhotic patients 
with 12 weeks (25/26, 96%) or 16 weeks (23/23, 100%). In the 
small number of cirrhotic patients, SVR12 was 6/10 (60.0%) with 
12 weeks and 7/9 (77.8%) with 16 weeks of therapy.” Data are 
lacking at the current time in genotype-2 patients with cirrhosis, 
but the concern for lower outcomes in patients with cirrhosis 
has led to a recommendation to extend treatment to 16 weeks in 
treatment-naive patients with cirrhosis.” The other consideration 
for patients with cirrhosis is the addition of peginterferon-a. The 
LONESTAR-2 study was an open-label single-site study of 
peginterferon-a, RBV, and sofosbuvir for 12 weeks. SVR12 was 
achieved in 22/23 (96%) of genotype-2 patients, including 13/14 
(93%) patients with cirrhosis.’ The BOSON study also evaluated 
peginterferon-a, RBV, and sofosbuvir for 12 weeks against 16 or 
24 weeks of sofosbuvir and RBV. Among the genotype-2 patients, 
only treatment-experienced patients with cirrhosis were enrolled. 
SVR rates were 94% (15/16) with the addition of peginterferon 
and 87% (13/15) and 100% (17/17) for sofosbuvir and RBV for 
16 and 24 weeks, respectively.” Although more data are needed 
with longer courses of sofosbuvir and RBV, these studies demon- 
strate that treatment with peginterferon-o, RBV, and sofosbuvir 
is a reasonable strategy in patients with cirrhosis if interferon 
eligible. BOSON also led to the recommendation to extend sofos- 
buvir and RBV to 24 weeks for patients with genotype 2 if treat- 
ment experienced with cirrhosis. The key treatment studies 
for genotype-2 treatment-experienced patients are detailed in 


Fig. 30-5. 


Genotype-3 Regimens 


In the interferon era, genotypes 2 and 3 had favorable outcomes 
and were therefore often paired together in treatment studies. 
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e Fig. 30-6 SVR12 in genotype-3 patients. DAC, Daclatasvir; PEG, peginterferon-a; RBV, ribavirin; 


SOF, sofosbuvir. 


With interferon-free DAA regimens, these genotypes are clearly 
distinct. In patients with genotype 3, sofosbuvir has required the 
addition of peginterferon or the NS5A agent daclatasvir to achieve 
high SVR rates, but outcomes with patients with cirrhosis remain 
lower than the 90% threshold expected in this field and already 
seen in patients with cirrhosis and other genotypes. The key treat- 
ment studies for genotype-3 treatment-experienced patients are 


detailed in Fig. 30-6. 


Sofosbuvir and Ribavirin 


The early signs of challenges with genotype 3 emerged in 
the studies of sofosbuvir and RBV. The FISSION study of 


treatment-naive patients reported SVR rates of 66% (110/176) 
with peginterferon-@ and RBV for 24 weeks and 56% (102/183) 
with sofosbuvir and RBV for 12 weeks.” The POSITRON study 
of interferon intolerant, ineligible, or unwilling patients reported 
SVR in 61% (60/98) of genotype-3 patients with 12 weeks of 
sofosbuvir and weight-based RBV.” SVR was achieved in only 
3/14 (21%) of patients with cirrhosis. The FUSION study of 
sofosbuvir and RBV for treatment-experienced patients gave a 
hint that longer duration was important with SVR of 62% (39/63) 
with 16 weeks of treatment compared with 30% (19/64) with 12 
weeks. SVR rates in genotype-3 patients with cirrhosis were 61% 
(14/23) with 16 weeks duration and 19% (5/26) with 12 weeks.” 
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These early findings led the VALENCE study to be amended after 
patients were enrolled to extend treatment for genotype-3 patients 
to 24 weeks. The overall SVR for 24 weeks of sofosbuvir and RBV 
was 85% (213/250). Cirrhosis was a strong predictor with SVR 
rates of 91% in noncirrhotic and 68% in cirrhotic patients. The 
SVR rates for treatment-experienced patients with cirrhosis were 
still disappointing in this study at 62% (29/47), but the other 
subgroups obtained reasonable response rates with the extended 
duration of treatment.” As a result of VALENCE, sofosbuvir 
and RBV for 24 weeks is currently recommended as an alterna- 
tive treatment option for genotype-3 treatment-naive patients.” 
Because of the long duration of treatment and low SVR rates 
with cirrhosis, the role of peginterferon-o has been explored with 
this regimen. The LONESTAR-2 study evaluated genotype-3 
treatment-experienced patients receiving peginterferon-a, RBV, 
and sofosbuvir for 12 weeks, and the SVR rate was 10/12 (83%) 
in patients with cirrhosis and 10/12 (82%) if no cirrhosis.” The 
BOSON study evaluated peginterferon-a, RBV, and sofosbu- 
vir for 12 weeks in a larger study, whereas the other two arms 
of the study evaluated 16 or 24 weeks of sofosbuvir and RBV. 
The highest SVR rates were reported with peginterferon-a, RBV, 
and sofosbuvir and were 95% (117/123) if no cirrhosis, 88% 
(51/58) if cirrhosis, 91% (79/87) if treatment experienced, and 
86% (30/35) if treatment experienced with cirrhosis.” As a result 
of these findings, peginterferon-&, RBV, and sofosbuvir for 12 
weeks became a first-line option for genotype-3 treatment-naive 
and treatment-experienced patients if eligible for interferon-based 
regimens patients.” 


Daclatasvir and Sofosbuvir 


The regimen of the NS5A inhibitor daclatasvir and the nucleotide 
polymerase inhibitor sofosbuvir is pangenotypic and demonstrated 
high efficacy in genotypes 1, 2, and 3.” As a result, this regimen 
is endorsed by the AASLD/IDSA for genotypes 1, 2, and 3, but 
the initial regulatory approval in the United States was sought 
for genotype-3 infection. This regimen also offers a RBV-free 
option without the risk of anemia for patients with comorbidities. 
The ALLY-3 study evaluated this regimen in 101 treatment-naive 
and 51 treatment-experienced genotype-3 patients. All patients 
received daclatasvir 60 mg and sofosbuvir 400 mg daily for 12 
weeks. SVR12 rates were 91/101 (90%) in treatment-naive and 
44/51 (86%) in treatment-experienced patients. SVR rates in 
patients without cirrhosis were 73/75 (97%) in treatment-naive 
and 32/34 (94%) in treatment-experienced patients. Lower rates 
were seen with cirrhosis in both treatment-naive (58%, 11/19) 
and treatment-experienced patients (69%, 9/13).”* As a result of 
these findings, daclatasvir and sofosbuvir for 12 weeks is currently 
a first-line option for noncirrhotic genotype-3 patients, including 
the treatment-naive and those who failed peginterferon-a and 
RBV. The lower response rates among patients with cirrhosis have 
led to a recommendation to extend the duration of daclatasvir and 
sofosbuvir to 24 weeks for this group. Although not studied in 
randomized trials, the current guidelines recommend the addition 
of RBV for treatment-experienced patients and also recommend 
to consider RBV in the treatment-naive group.” 


Genotype-4 Regimens 


Studies with a number of DAA regimens are effective for genotype 
4, and all have reported high SVR rates. Genotype 4 appears to 


be well served by several interferon-free regimens. Because of the 


low prevalence of genotype 4 in the United States and Europe, 
small studies must be used to guide treatment decisions. 


Sofosbuvir Plus Peginterferon-a and Ribavirin 

The NEUTRINO study that supported the initial approval of 
sofosbuvir with peginterferon-a and RBV for 12 weeks included 
genotype-4 patients. Of the 28 patients treated, 27 (96%) achieved 
SVR. For patients eligible to receive peginterferon-@ and RBV, 
this is an effective regimen. 


Sofosbuvir and Ribavirin 


The regimen of sofosbuvir and RBV is recommended for 24 weeks 
in genotype 4. A small U.S. study in Egypt compared 12 versus 
24 weeks duration, and the SVR rates were 11/14 (79%) and 
14/14 (100%), respectively.” A larger study in Egypt also exam- 
ined these durations and reported SVR12 rates of 40/52 (77%) 
with 12 weeks and 46/51 (90%) with 24 weeks.” 


Sofosbuvir and Ledipasvir 

Two small studies have evaluated the combination of sofosbuvir 
with ledipasvir for 12 weeks in genotype-4 patients. Both studies 
were open-label single-arm designs. The U.S. SYNERGY study 
reported an SVR12 rate of 20/21 (95%).°° The French study 
enrolled 22 treatment-naive and 22  treatment-experienced 
patients. SVR12 rates were 21/22 (96%) for treatment-naive and 
20/22 (91%) for treatment-experienced patients. All 10 patients 
with cirrhosis achieved SVR. This regimen offers the advantage of 
a RBV-free option for genotype-4 patients.”' 


Paritaprevir/Ritonavir and Ombitasvir 

In contrast to genotype 1, the regimen of ritonavir-boosted pari- 
taprevir and ombitasvir does not require the nonnucleoside 
polymerase inhibitor dasabuvir in treating genotype-4 patients. 
The PEARL-I study randomized 86 treatment-naive genotype-4 
patients to paritaprevir/ritonavir and ombitasvir with or without 
RBV. SVR12 rates were 42/42 (100%) with RBV and 40/44 
(91%) without RBV, and therefore this regimen is recommended 
to include RBV.” 


Genotype-5 and Genotype-6 Regimens 


With their low prevalence in the United States and Europe, geno- 
types 5 and 6 have not been the focus of HCV treatment develop- 
ment programs. As an example, the NEUTRINO study of 
peginterferon, RBV, and sofosbuvir enrolled one genotype-5 
patient and six genotype-6 patients. All achieved SVR.” Certain 
DAAs, including sofosbuvir and daclatasvir, have pangenotypic 
activity and are viable options. The regimen of sofosbuvir and 
ledipasvir for 12 weeks was recently evaluated in genotype-5 
patients, and the SVR12 rate was 39/41 (95%).°' Genotype-6 
patients were included in the C-EDGE study with the NS3/4A 
protease inhibitor grazoprevir and the NS5A inhibitor elbasvir, 
and 8/10 (80%) achieved SVR.” Future studies of pangenotypic 
regimens in international studies are expected to include more 
patients with these genotypes. 


Monitoring During and After 
Hepatitis C Virus Therapy 


Although the specifics of monitoring and frequency are driven by 
the choice of regimen, all regimens need a systematic approach to 


WwN-)8= Dose Modifications of Ribavirin for Anemia in 
Patients With Normal Renal Function 


No Cardiac Disease 
Hemoglobin < 10 g/dL 


Reduce to 600 mg total dose 


Hemoglobin < 8.5 g/dL Discontinue RBV 


Cardiac Disease 


J in hemoglobin of > 2 g/dL 
during any 4 week period 


Reduce to 600 mg total dose 


Hemoglobin < 12 g/dL despite 4 Discontinue RBV 


weeks at reduced dose 


RBV, Ribavirin. 
*Initial RBV dose is based on weight: 1000 mg daily as divided dose if < 75 kg and 1200 mg 
as divided dose if > 75 kg. 


adherence. Pretreatment education, participation of a relative or 
friend of the patient in the treatment plan, phone calls from office 
staff during the early days of treatment, and a clinic visit at week 
4 have all been suggested to promote adherence. One could argue 
that the interferon-free regimens without RBV have minimal risk 
of adverse events and do not warrant laboratory monitoring. 
Others, including the AASLD/IDSA guidance committee, have 
suggested routine blood counts, chemistries and HCV RNA at 
week 4 and then as clinically indicated.” Laboratory studies 
during the first 2 weeks of treatment should be considered for 
patients receiving RBV or peginterferon-o With RBV, monitor- 
ing of hemoglobin regularly is recommended with dose reduction 
of RBV if needed (Table 30-6). The teratogenic risk of RBV 
requires ongoing monitoring for the use of two forms of birth 
control and regular pregnancy testing during treatment and for 6 
months after the end of treatment. If peginterferon-© is used, the 
completed blood count needs to be monitored at treatment weeks 
1 to 2 and then every 4 weeks on treatment. Table 30-7 lists the 
package insert recommendations for both peginterferons.°™ 
Peginterferon-@ also warrants close monitoring of the common 
side effects, including severe flu-like symptoms and a variety of 
neuropsychiatric symptoms including depression, anxiety, and 
insomnia. These side effects may also be improved with dose 
reduction and may require discontinuation if severe or if no 
improvement is seen with dose reduction. 

Requirements for monitoring HCV RNA are reduced with 
interferon-free regimens. There are no response-guided regimens, 
and therefore the HCV RNA does not warrant specific action. 
The HCV RNA recommended at week 4 is largely to monitor for 
adherence. Many patients will have HCV RNA not detected at 
this time point, but low levels do not suggest that treatment will 
be ineffective. For patients with detectable HCV RNA at week 4, 
the AASLD-IDSA recommends repeating the HCV RNA at week 
6. If the HCV RNA has increased 10-fold, treatment is recom- 
mended to be discontinued.” HCV RNA is also recommended 
to be tested 12 weeks after the end of treatment to determine 
SVR12. Many clinicians also check HCV RNA at the end of 
treatment and then 24 weeks after treatment for the assessment 
of the traditional SVR24. Because of rare reports of relapse, 
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WSJ Dose Modifications of Peginterferon-a 
Sal for Hematology Results 


Hemoglobin 
< 10 g/dL 


Decrease by 50% 
Absolute Neutrophil Count 


< 750 cells/ Reduce to 135 pg First reduction: 1.0 g/kg 
mm? weekly Second reduction: 0.5 ug/kg 
< 500 cells/ Discontinue until > 1000 Discontinue treatment 


mm? cells/mm’. Reinstitute 
at 90 ug and monitor 


Platelets 

< 50,000 Reduce to 90 ug weekly 1st reduction: 1.0 pg/kg 
cells/mm? 2nd reduction: 0.5 g/kg 

< 25,000 Discontinue treatment Discontinue treatment 
cells/mm? 


ongoing surveillance of HCV RNA is not routinely recommended 
unless the liver enzymes become abnormal or if the patient has 
ongoing behaviors, which place the patient at risk for HCV rein- 
fection. General laboratory and HCV RNA monitoring is detailed 
in Table 30-8. 


Direct-Acting Antiviral Resistance 


Despite the advances in HCV therapies, questions and issues 
remain regarding the impact of drug resistance for HCV therapy. 
Extensive studies with the first-generation protease inhibitor tela- 
previr demonstrated that monotherapy was ineffective because of 
resistance.” Telaprevir inhibited wild-type virus and variants with 
lower levels of resistance, but it selected for and allowed outgrowth 
of viral populations with resistance-associated substitutions. The 
role of peginterferon-@ and RBV in combination with telaprevir 
was to clear any remaining variants resistant to telaprevir. Resis- 
tant variants were detected in most patients who did not achieve 
SVR, but their levels declined over time after treatment.” Instead 
of peginterferon-a, combinations of DAAs with different targets 
are now paired together in an attempt to combat resistant variants. 
Genetic barriers to resistance vary between and within the DAA 
classes and also by genotype and subtype.” With current agents, 
resistance has been more common with genotype la than 1b. 
Table 30-9 lists the RAVs reported with HCV DAA agents. A 
major advantage for sofosbuvir has been its high genetic barrier 
to resistance. One genotype-2 patient relapsed at week 4 with the 
$282T substitution, but clinical resistance has not been observed.” 
Patients who have failed sofosbuvir has also been successfully 
treated with another regimen containing sofosbuvir.” As dis- 
cussed earlier, the Q80K variant with simeprevir was associated 
with treatment failure in the OPTIMIST studies with sofosbu- 
vir.“ The C-EDGE study also highlighted the potential impor- 
tance of NSSA inhibitor resistance for the regimen of grazoprevir 
and elbasvir. ° With the expanding use of NS5A inhibitors in 
clinical practice, implications of resistance and treatment failure 
with these regimens will need to be determined. 
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kan Laboratory Monitoring During and After Hepatitis C Virus Therapy 


Complete blood count After 4 weeks of treatment Regimens with interferon and/or RBV warrant testing more 
frequently. Consider initial test after 1-2 weeks and then every 
4 weeks on treatment. 


Hepatic function panel After 4 weeks of treatment and as clinically indicated Any increase in liver enzymes should be monitored closely. AASLD/ 
IDSA recommends discontinuing treatment if 10-fold increase in 
ALT or any increase accompanied by weakness, nausea, 
vomiting, Î bilirubin, Talkaline phosphatase, or TPT-INR 


Creatinine ,calculated GFR After 4 weeks of treatment and as Clinically indicated 


Quantitative HCV RNA After 4 weeks of treatment and 12 weeks after Documents adherence to medication. No stopping rules based on 
treatment has ended. Testing can be considered at HCV RNA results at week 4. AASLD/IDSA recommends that 
end of treatment and 24 weeks after end of if detectable at week 4 to repeat at week 6 and discontinue 
treatment. if HCV RNA increased 10-fold. 


Thyroid stimulating hormone Every 12 weeks if regimen contains peginterferon-o 


Pregnancy testing Package insert recommends monthly testing on Adherence to two forms of contraception should be monitored. 
treatment and for 6 months after treatment 


AASLD, American Association for the Study of Liver Diseases; ALT, alanine aminotransferase; HCV, hepatitis C virus; IDSA, Infectious Diseases Society of America; PT-INR, prothrombin time- international 
normalized ratio; RBV, ribavirin. 


TABLE 


Rie Resistance-Associated Variants Reported With Hepatitis C Direct-Acting Antiviral Medications“ 


NS3/4A Protease Inhibitors 


Boceprevir V36M, T54S and R155K T54A/S, V55A, A156S, and V170A 
Telaprevir V36M and R155K V36A, T54A, and A156S 
Simeprevir Q80K Q80R and D1i68E/V 

R155K and D168E/V 
Asunaprevir R155K and D168E D168E/V/Y 
Paritaprevir D168A/V/Y Y56H and D168V D168V 
Grazoprevir Q80K T54S 

D168A V170 
NS5A Inhibitors 
Daclatasvir M28T, Q30E/H/R, L31M, H58D, and Y93H/N L31M/V and Y93H Q30H/S 
Ledipasvir Q30E/R, L31M, and Y93C/H/N Y93H 
Ombitasvir M28T and Q30R Y93H L28V 
Elbasvir M28V/A/G, Q30H/L/R, L31M, and Y93H L31F 

Y93H 

NS5B Polymerase Inhibitors 
Sofosbuvir $282T 
Dasabuvir M414T and S556G $556G 


DAA, Direct-acting antiviral. 


Special Populations 


Decompensated Cirrhosis 


Although HCV treatment is safe and effective in patients with 
compensated cirrhosis, the treatment of decompensated cirrhosis 
was especially challenging in the era of interferon-based regimens. 
The rationale for treatment has been to see if the course of HCV 
cirrhosis could be altered with regression of fibrosis or reduction 
in portal hypertension as seen with antiviral therapy for hepatitis 
B.” Early experience with interferon-@ in patients with HCV 
decompensated cirrhosis resulted in high rates of serious adverse 
events and life-threatening infectious complications.” Subse- 
quently, interferon-O and RBV were administered to patients with 
decompensated cirrhosis with lower starting doses that were then 
increased if well tolerated. This low-accelerating dose regimen 
(LADR) was safer, and SVR was associated with nongenotype-1 
infections and Child-Pugh class A cirrhosis.” Treatment of HCV 
decompensated cirrhosis did not move forward again until the 
interferon-free era. 

‘The interferon-free era has brought resurgence to the treatment 
of decompensated HCV cirrhosis. In the SOLAR-1 study, patients 
with Child-Pugh class B and C were randomized to 12 or 24 
weeks of ledipasvir, sofosbuvir, and RBV. For Child-Pugh class B, 
SVR12 was achieved in 26/30 (87%) with 12 weeks and 24/27 
(89%) with 24 weeks. For Child-Pugh class C, SVR12 was 
achieved in 19/22 (86%) with 12 weeks and 20/23 (87%) with 
24 weeks. When evaluating safety, only 4% of the patients with 
decompensated cirrhosis discontinued treatment because of 
adverse events.” Long-term follow-up is planned for this cohort 
to help understand the course of their portal hypertension and 
cirrhosis and to determine what degree of improvement can be 
expected. Whereas there is hope that some patients with decom- 
pensated HCV cirrhosis might be able to improve and avoid liver 
transplantation, the timing and role of HCV treatment in patients 
awaiting liver transplantation is currently uncertain and requires 
further investigation. 

In the selection of HCV DAAs, hepatic clearance of the agents 
must be considered. The NS5A agents have been well tolerated in 
patients with decompensated cirrhosis, and the combination of 
ledipasvir/sofosbuvir and daclatasvir/sofosbuvir do not require 
dose adjustment with hepatic impairment.” The protease inhib- 
itor class has greater risk for patients with decompensated cirrhosis 
because of increased exposure and the risk of adverse events with 
hepatic impairment. The protease inhibitor simeprevir is not cur- 
rently recommended by the AASLD/IDSA in patients with 
Child-Pugh B and C cirrhosis. The regimen of ombitasvir, pari- 
taprevir, ritonavir, and dasabuvir highlights the complexities of 
treatment of patients with decompensated cirrhosis. The protease 
inhibitor paritaprevir area under the curve (AUC) values increased 
by 62% in Child-Pugh class B and 945% in Child-Pugh class C. 
Dasabuvir AUC values decreased by 16% in Child-Pugh class B, 
but increased by 325% in Child-Pugh class C. As a result, this 
regimen is not currently recommended for Child-Pugh class B 
with a clear contraindication in the package insert for Child-Pugh 
class C.” 


Post-Liver Transplantation 


HCY reinfection is universal after liver transplantation and carries 
a risk of accelerated fibrosis and early graft failure.” HCV 
treatment following liver transplantation is covered in depth in 
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Chapter 53. Interferon-based regimens were less effective and 
poorly tolerated in this population and are not currently recom- 
mended for liver transplant recipients.”’” Interferon-free regi- 
mens have been well tolerated and yielded improved outcomes in 
liver transplant recipients. The main consideration is the drug- 
drug interactions for the immunosuppressive agents cyclosporine, 
tacrolimus, everolimus, and sirolimus if the regimen contains a 
protease inhibitor. One of the initial treatment reports was a 
prospective, multicenter study of 24 weeks of sofosbuvir with 
RBV starting at 400 mg daily and increased if tolerated. The 
SVR12 rate was 28/40 (70%) with all failures because of relapse.” 
The combination of sofosbuvir and simeprevir has also been used 
posttransplantation for HCV genotype 1. Two retrospective series 
have reported SVR12 rates of 90% and 93%.*°*! The regimen of 
ombitasvir, paritaprevir, ritonavir, dasabuvir, and RBV for 24 
weeks was evaluated in the CORAL-1 study. In 34 patients with 
HCV genotype 1 following transplantation, SVR12 was achieved 
in 33 (97%). The regimen was well tolerated with no episodes of 
early discontinuation. Five patients required erythropoietin to 
manage anemia." The regimen of sofosbuvir, ledipasvir, and RBV 
was evaluated in the SOLAR-1 study in a wide range of HCV 
genotype 1 and 4 transplant recipients, including those without 
cirrhosis, compensated cirrhosis, decompensated. cirrhosis, and 
fibrosing cholestatic hepatitis. Patients were randomized to 12 or 
24 weeks treatment duration. Patients with compensated. liver 
disease received weight-based RBV, and patients with decompen- 
sated cirrhosis started at 600 mg with the possibility of increased 
dosing if tolerated. SVR12 rates in the noncirrhotic and compen- 
sated cirrhotic patients were 96% to 98%, regardless of duration. 
For patients with Child-Pugh class B cirrhosis, SVR12 rates were 
22/26 (85%) and 23/26 (88%) at 12 and 24 weeks, respectively. 
Fewer Child-Pugh class C cirrhosis patients were enrolled, and 
SVR12 rates were 3/5 (60%) at 12 weeks and 3/4 (75%) at 24 
weeks. All six patients with fibrosing cholestatic hepatitis achieved 
SVR12, and four patients received only 12 weeks duration. This 
regimen does not require adjustments in immunosuppression and 
was also well tolerated. 


HIV-HCV Coinfection 


Patients with HIV-HCV coinfection are discussed in Chapter 37 
and will therefore be briefly reviewed here. Even with effective 
treatment of HIV, patients with HIV-HCV coinfection have 
increased risk of the development of the complications of cirrhosis 
compared with patients with HCV monoinfection.*’ As a result, 
HCV treatment for patients with HIV-HCV coinfection is 
strongly recommended. 

With interferon-based regimens, outcomes for patients with 
HIV-HCYV coinfection were clearly lower. Starting with the 
first-generation protease inhibitors boceprevir and telaprevir, SVR 
rates for HIV-HCV coinfection patients have been similar to 
HCV monoinfected.*°*” Sofosbuvir achieved an important mile- 
stone by receiving FDA approval for HIV-HCV coinfection at the 
time of the initial approval for HCV infection because of similar 
outcomes.” In an open-label nonrandomized trial, HIV-HCV 
patients received sofosbuvir 400 mg and RBV for 12 weeks if 
treatment-naive genotype 2 or 3, and HCV genotype 1 and 
treatment-experienced patients with HCV genotype 2 or 3 
received sofosbuvir 400 mg and RBV for 24 weeks. Among treat- 
ment-naive patients, SVR12 was achieved in 87/114 (76%) with 
genotype 1, 23/26 (88%) with genotype 2, and 28/42 (67%) with 
genotype 3. Among treatment-experienced patients, 22/24 (92%) 
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with genotype 2 and 16/17 (94%) with genotype 3 achieved 
SVR12. No deleterious effects on HIV disease were observed with 
HCV treatment.** A subsequent study evaluated sofosbuvir com- 
bined with ledipasvir in HIV-HCV patients who were previously 
untreated, noncirrhotic patients with HCV genotype 1. Of the 
50 patients, 49 (98%) achieved SVR12.” The regimen of ombi- 
tasvir, paritaprevir/ritonavir, dasabuvir, and RBV was studied in 
the randomized trial TURQUOISE-I. This study included geno- 
type 1 HCV-HIV coinfected patients who were HCV treatment 
naive or HCV treatment experienced and also included patients 
with cirrhosis. Patients were randomized to 12 or 24 weeks, and 
the SVR12 rates were 29/31 (94%) and 29/32 (91%), respec- 
tively. Five patients did not achieve SVR12, and two patients 
relapsed whereas two others had history and phylogenetic evi- 
dence consistent with HCV reinfection. One patient withdrew 
consent. The regimen was well tolerated with no HIV RNA 
breakthrough during treatment.” 

The designation of HIV-HCV patients as a special population 
was largely based on the poor outcomes with interferon-based 
regimens. The interferon-free regimens consistently demonstrate 
comparable outcomes for HIV-HCV and HCV monoinfected 
patients. The main challenge for HIV-HCV patients now is the 
selection of the HCV regimen that is compatible with the HIV 
regimen. Because of increased tenofovir levels and potential renal 
dysfunction, the regimen of efavirenz, emtricitabine, tenofovir 
disoproxil fumarate requires close monitoring when given with 
sofosbuvir and ledipasvir. For treatment with sofosbuvir with 
ledipasvir, patients taking regimens containing tenofovir and an 
HIV protease inhibitor boosted by ritonavir require consideration 
of an alternative HIV regimen.” With its CYP 3A metabolism, 
simeprevir should not be administered with some nonnucleoside 
reverse transcriptase inhibitors, including efavirenz, as well as 
HIV protease inhibitors.” Ombitasvir, paritaprevir/ritonavir, 
and dasabuvir cannot be administered with atazanavir/ritonavir, 
darunavir/ritonavir, lopinavir/ritonavir, or rilpivirine.” Care of 
patients will require the engagement of their HIV provider and 
the decision of the HIV regimen before proceeding with HCV 
regimen. Overall, these regimens do provide patients with mul- 
tiple, effective regimens to eradicate HCV in HIV-HV coinfected 
patients. 


Renal Disease 


A number of factors must be considered if patients have renal 
disease and coexisting HCV infection. Patients may have renal 
disease related to HCV infection, including membranoprolifera- 
tive glomerulonephritis and cryoglobulinemia.”' Treatment of the 
underlying HCV infection offers the opportunity to improve 
renal function in this setting. Whether the renal disease is related 
to HCV infection or not, the degree of renal dysfunction impacts 
the choice of medications. RBV is cleared by the kidneys, and 
decreased glomerular filtration rate (GFR) leads to increased risk 
of adverse events with the greatest risk from hemolytic anemia. 
For patients with GFR of 30 to 50 mL/min, the recommended 
RBV dose is 400 mg alternating with 200 mg every other day. 
For patients with GFR less than 30 mL/min or on hemodialysis, 
the recommended initial dose of RBV is 200 mg daily. RBV-free 
regimens would be preferable for this population. Sofosbuvir also 
has predominantly renal clearance, and the dose has not been 
established in patients with GFR less than 30 mL/min or patients 
on dialysis. Compared with persons with normal renal function, 
AUC for GS-331007 (the predominant circulating metabolite of 


sofosbuvir) was 451% higher if GFR was less than 30 mL/min 
and 1280% higher with end-stage renal disease.” Sofosbuvir can 
therefore be safely offered to patients with GFR greater than 
30 mL/min but cannot be recommended to patients with GFR 
less than 30 mL/min or ESRD. The regimen of ombitasvir, 
paritaprevir/ritonavir, and dasabuvir can be offered to patients 
with all ranges of renal impairment. This regimen was studied in 
noncirrhotic genotype-1 patients with estimated GFR less than 
30 mL/min in the open-label RUBY-1 study. RBV 200 mg daily 
was given to genotype-la patients and no RBV for genotype 1b. 
Of 20 patient treated, 18 (90%) achieved SVR12, 1 patient died 
posttreatment (unrelated), and 1 relapsed. Nine patients inter- 
rupted RBV therapy due to anemia, and 4 required erythropoi- 
etin.” The RBV-free regimen of grazoprevir and elbasvir was 
evaluated in a large, placebo-controlled, randomized trial of 235 
patients with 122 receiving active drug. Six patients did not com- 
plete treatment because of one unrelated death and subjects lost 
to follow-up or withdrawn, but there was no safety signal. In the 
active treatment group, 115/122 (95%) achieved SVR12.” This 
regimen offers a major advance for patients with CKD with a 
well-tolerated, RBV-free regimen. 


African Americans 


African Americans have higher rates of HCV infection than other 
racial and ethnic groups in the United States, accounting for 
almost 25% of all infections.” For African-American patients 
with HCV infection, treatment with peginterferon-% and RBV 
was associated with significantly lower response rates.” This 
observation of the racial variance in HCV treatment led to the 
discovery of the interleukin-28B (IL28B) genotype. This poly- 
morphism is associated with response to interferon-based regi- 
mens, and the unfavorable alleles are more frequently observed in 
persons of African descent. Indeed, IL28B explained approxi- 
mately half of the variation in treatment response for African 
Americans.” The SPRINT-2 study included an African-American 
cohort of 159 patients. The SVR24 rate was 12/52 (23%) with 
peginterferon-@ and RBV and 42% and 53% in the study arms 
with boceprevir in combination with peginterferon-o and RBV." 
These rates were consistently lower than those observed in the 
non—African-American cohort. The first wave of interferon-free 
development programs enrolled a modest number of African- 
American patients, and study findings suggested that African 
Americans no longer had lower SVR rates compared with non— 
African Americans. A pooled analysis from the phase-3 ION trials 
of sofosbuvir and ledipasvir reported that the SVR12 rates were 
95% in the 308 African-American patients and 97% in the 1644 
non—African-American patients.” These findings are extremely 
encouraging for African-American patients, but the analysis 
revealed that these studies included few patients with cirrhosis, 
which therefore limits the ability to draw conclusions for this 
patient group. Given the high prevalence of HCV in African 
Americans, it is imperative that new regimens are studied in this 
population to guide clinicians and patients. 


Acute Hepatitis C Virus 


The approach to acute HCV infection has traditionally been to 
give the patient the opportunity to resolve the infection spontane- 
ously before initiating therapy. Previous series have suggested that 
20% to 30% of patients spontaneously clear the infection.” 


The IL28B genotype was also initially discovered to predict spon- 
taneous clearance of acute HCV infection. Subsequent work 
also identified that HLA class II was also independently associ- 
ated with clearance, and that DQB1*03:01 may explain approxi- 
mately 15% of spontaneous resolution of HCV infection.'”! 
An international collaboration of nine prospective cohorts 
studied 632 patients and found that the median time to clearance 
was 16.5 weeks with 34%, 67%, and 83% demonstrating clear- 
ance at 3, 6, and 12 months.” These results have led to recom- 
mendations to generally wait 6 months for the possibility of 
spontaneous clearance if a delay in treatment is reasonable. In 
cases where the patient or clinician feels treatment is indicated in 
acute infection, 12 to 16 weeks is a reasonable timeframe to 
monitor for spontaneous resolution before proceeding with treat- 
ment. Previous studies had demonstrated higher response rates 
with interferon-based regimens for acute infection compared with 
chronic infection. A meta-analysis of treatment of acute HCV 
with interferon regimens reported SVR24 rates of 82% if started 
within 12 weeks of diagnosis compared with SVR rates of 67% 
in those starting treatment between 12 weeks and 24 weeks and 
62% in those starting treatment after 24 weeks." The improved 
response rates with chronic infection with the interferon-free 
DAA regimens no longer make the timing of treatment a consid- 
eration in likelihood of response. Postexposure prophylaxis has 
not been studied to date with the DAA regimens and is not cur- 
rently recommended. 


Conclusion 


The developments in HCV antiviral therapy are remarkable. 
HCV has gone from a disease with challenging therapies that 
benefited few to a disease with well-tolerated and highly effective 
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therapies that have the potential to cure most patients. Ongoing 
research programs seek to develop pangenotypic regimens that are 
RBV-free and of short duration yet remain highly effective. Reg- 
istries will also help to understand the impact of antiviral therapy 
for patients with advanced disease and the ability of these medica- 
tions to alter the course of disease to reduce morbidity and mortal- 
ity from liver disease. 


SUMMARY 


Recent Progress 

e Most patients with HCV infection can be treated with all-oral, 
well-tolerated, and highly effective direct-acting antiviral therapies. 

e Treatment outcomes are now excellent for previously challenging 
patient groups including African Americans, HIV-HCV coinfection, 
cirrhosis, and post—liver transplantation. 


Key Knowledge Gaps 

e Outcomes remain unsatisfactory for patients with genotype-3 infection. 

e The impact of viral eradication on the natural history is unclear for 
patients with decompensated cirrhosis. 


Future Directions 
e Ongoing research programs seek to develop pangenotypic regimens 
that are RBV-free and of short duration yet remain highly effective. 
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ABBREVIATIONS | 


ALT alanine aminotransferase 

cccDNA covalently closed circular DNA 
HBeAg hepatitis B e antigen 

HBV hepatitis B virus 

HCC hepatocellular carcinoma 

HCV hepatitis C virus 

IFN interferon 

LT lymphotoxin 

NTCP sodium-taurocholate cotransporting polypeptide 
NK natural killer 

pgRNA pregenomic RNA 

rcDNA relaxed circular DNA 


Introduction 


Hepatitis B virus (HBV) has had a very long and successful rela- 
tionship with humans. The detection of hepadnavirus genomes in 
Mesozoic birds’ and the estimation that HBV was already present 
in early humans at least 40,000 years ago” support a coevolution 
scenario with humans. The overall success of HBV as a human 
virus is also displayed by these simple numbers: a third of the 
human population has been in contact with the virus, and approx- 
imately 200 million to 300 million people are chronically infected. 
This relationship is, however, not without consequences for 
humans because approximately 20% of people with active viral 
replication develop different grades of liver inflammation (chronic 
hepatitis) that can lead to cirrhosis or liver cancer. Understanding 
the fundamental steps of HBV biology and how the host’s immu- 
nity interacts with HBV and how this interaction can lead to 
pathologic consequences or potential functional cure is the focus 
of this chapter. 


Hepatitis B Virus: Host and Model Systems 


HBV is a small, enveloped DNA virus that belongs to the family 
Hepadnaviridae. Various model systems (Tables 31-1 and 31-2) 
have been used to characterize the HBV replication cycle, identify 
novel antiviral targets, study HBV pathogenesis, and assess the 
efficacy of novel therapeutic strategies. Human hepatocytes are 
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the natural target cells of HBV. These cells can be isolated from 
liver resections and retain susceptibility to HBV infection for a 
short period in culture.’ However, the accessibility to fresh human 
liver resections and the quality and variability of the individual 
preparations limit their use. Primary hepatocytes of Tupaia 
belangeri are also susceptible to HBV infection“ but the difficulty 
in rearing these animals and the absence of Tupaia-specific reagents 
for functional studies limit their use. As an alternative to primary 
cell cultures, the human hepatoma Huh7 and HepG2 cell lines 
were used for many years to perform in vitro experiments on HBV. 
Those cells allow HBV replication and viral particle assembly but 
they are not susceptible to infection because of the lack of expres- 
sion of the HBV receptor(s). Alternatively, HepaRG cells, which 
are liver progenitors, can be used for im vitro studies because they 
become susceptible to HBV infection after differentiation in 
culture.’ However, infection rates are low and spread of virus 
within the cultures was never observed. With the recent discovery 
of sodium-taurocholate cotransporting polypeptide (NTCP) as 
an HBV/hepatitis D virus receptor,” HepG2 and Huh7 cell 
lines (over)expressing NTCP have been generated and are suscep- 
tible to HBV infection. However, their capacity to allow virus 
propagation remains to be determined as does their relevance 
for studies of virus-host cell interactions because of their trans- 
formed nature (see Table 31-1). Finally, a recent study showed 
that micropatterned cocultures of primary human hepatocytes 
or induced pluripotent stem cells and stromal cells differentiated 
into hepatocyte-like cells, with fibroblasts maintaining prolonged 
HBV infection.* 

Although cell culture models are very valuable to characterize 
defined aspects of the viral life cycle, in vivo models are necessary 
to study HBV pathogenesis and new antiviral strategies, including 
immunotherapies (see Table 31-2). HBV has an extremely narrow 
host range because it infects only hominoid apes, including chim- 
panzees. The latter have been used in pivotal studies deciphering 
host responses during acute HBV infection” but are no longer 
available for experimental studies. Therefore, macaques, which have 
a 93% sequence identity with humans and are frequently used in 
toxicology, are being considered as an alternative model to study 
viral hepatitis.'' There are also various HBV-related viruses such 
as duck HBV” and woodchuck hepatitis virus that have been 
invaluable models to study HBV infection (see Table 32-2).'° 
Mice are not naturally susceptible to HBV infection but they can 
be humanized to study HBV infection in vivo. Different models 
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Human Cells to Study Hepatitis B Virus Infection In Vitro 


Primary human = + =t- 20-100% 1-2 copies per nucleus - ++ 2-3 wk 
hepatocytes 

HepaRG cells - +++ ++ 5-20% 0.2-0.5 copies per nucleus = +H >6 mo 

HepG2/HuH7 cells + +++ + 0% 1-2 copies per nucleus = = = 

NTCP-HepG2 cells + aut + 50-100% 1-5 copies per nucleus = = 10-15 days 


cccDNA, Covalently closed circular DNA; HBV, hepatitis B virus; NTCP sodium-taurocholate cotransporting polypeptide; —, no; +, low; ++, intermediate; +++, high. 


Main Animal Models for Study of Hepatitis B Virus 


Virus HBV HBV HBV HBV HBV HBV DHBV WHV 
Entry $ ? $ 4 $ = a + 
cccDNA establishment + ? + + + — + + 
Chronic infection —/+ R 4 + a ie a 
HCC development - R 2 2 ? = $ 
Adaptive immune response + ? 2 = 4 ae a 7 
HBV tolerance - ? z = i n T die 
Antiviral drug testing + ? + + + + + + 
Immunotherapy testing + ? = + + =f aft 


AAV, Adeno-associated virus; Ad, adenovirus; cccDNA, covalently closed circular DNA; DHBV, Duck hepatitis B virus; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; WHV, woodchuck 


hepatitis virus; —, no; +, yes; ?, unknown; —/+, uncertain. 


have been used to generate human liver chimeric (HUHEP) mice. 
These mice are characterized by both a progressive degeneration 
of mouse liver cells and immune deficiency, thereby allowing 
engraftment of human hepatocytes. Inoculation of HuHEP mice 
with HBV leads to productive infection, and these mice have been 
used for proof-of-concept studies assessing the efficacy of novel 
antiviral strategies." To allow assessment of viral pathogenesis 
in the context of a functional human immune system and to test 
immunotherapies, a double-humanized mouse, carrying both a 
humanized immune system and human hepatocytes was created'° 
and used for initial pathogenetic studies.'’ The adherence of these 
mice to key aspects of chronic viral hepatitis in humans needs, 
however, to be fully evaluated. Finally, other immunocompetent 
mouse models of chronic HBV infection have been established by 
use of low doses of adenovirus, '* adeno-associated virus—mediated”” 
gene transfer, or hydrodynamic transfection of the HBV 
genome.”””' Because HBV production is mediated by a different 
virus or forced through transfection, these mice do not recapitu- 
late the physiologic steps of HBV infection but can be used to 
answer specific immunopathologic questions. 


Hepatitis B Virus Biology 


Hepatitis B Virus Structure, 
Genome, and Proteins 


HBV particles, called Dane particles, are spherical lipid-containing 
structures with a diameter of approximately 42 nm (Fig. 31-1). 
The inner shell of the virus consists of an icosahedral nucleocap- 
sid, which is assembled from 120 dimers of the core protein. The 
nucleocapsid is covered with a membrane containing three forms 
of the viral envelope proteins—large (L), middle (M), and small 
(S)—that are acquired together with the host’s lipids during 
budding into the endoplasmic reticulum. The three surface pro- 
teins are commonly defined as hepatitis B surface antigens. They 
are translated from their own start codons but share the same 
C-terminal amino acids, called the S domain. As a consequence, 
the M protein contains an extra domain called the pre-S2 domain, 
compared with the S protein, and the L protein contains two extra 
domains: pre-S2 and pre-S1. Nucleocapsids contain a single 
copy of the HBV genome consisting of a 3.2-kb partially 
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e Fig. 31-1 Hepatitis B virus (HBV) proteins, open reading frame, and different particles. rc DNA, 


Relaxed circular DNA. 


double-stranded relaxed circular DNA (rcDNA) molecule. This 
rcDNA is covalently linked to the viral polymerase at the 5’ end 
of the complete strand, also called viral minus-strand DNA. 
Besides the Dane particles, HBV infection also leads to secretion 
of subviral particles, which consist of empty viral envelopes with 
filamentous or spherical shapes and empty virions, which contain 
both the outer envelope and the inner capsid shell but no viral 
genome.” Subviral particles are produced in huge excess (100- to 
100,000-fold over Dane particles) into the blood. They are 
thought to facilitate virus spread and persistence in the host by 
adsorbing virus-neutralizing antibodies. The HBV polymerase is 
a multifunctional protein that plays a central role in viral replica- 
tion. It is divided into four separate domains, from the N-terminus: 
the TP domain, which is essential for the priming of the reverse 
transcription; the RT domain, which harbors the polymerase 
active site essential for DNA polymerization; the RNase H 
domain, which is responsible for degrading the pregenomic RNA 
(pgRNA) template during minus-strand DNA synthesis; and the 
spacer region, which is the least conserved of the four domains 
and is dispensable for all known functions of the enzyme.” In 
addition to polymerase and the structural proteins, the HBV 
genome also encodes three nonstructural proteins. Secreted hepa- 
titis B e antigens (HBeAgs) have been suggested to have immu- 
noregulatory functions, whereas the X protein (HBx) is at least 
essential to initiate and maintain HBV transcription” (see Fig. 
31-1). In addition, hepatitis B spliced protein expression is the 
result of HBV messenger RNA splicing, and its role in the virus- 
induced pathogenesis remains to be fully demonstrated.”° 


The Hepatitis B Virus Life Cycle 


HBV entry into hepatocytes is now thought to be a multistep 
process. Dane particles are trapped at the surface of the hepato- 
cytes by heparin sulfate proteoglycans” and can then bind to their 
high-affinity receptor NTCP, which causes uptake of the virus into 
the cells®’ (Fig. 31-2, 1). Proteolytic cleavage of the surface protein 
occurs within the endosomal compartment, resulting in a confor- 
mational change that exposes some translocation motifs at the 
surface of the viral particle. The high density of translocation 
motifs allows endosomal escape of the nucleocapsid into the 
cytosol (see Fig. 31-2, 2). The naked nucleocapsid is then 
directed toward the nucleus, and the HBV genome is translocated 
to the nucleus.” On this process, the rcDNA genome is converted 
into a covalently closed circular DNA (cccDNA) (see Fig. 31-2, 
3), the template for viral transcription (see Fig. 31-2, 4). The 
3.5-kb pgRNA serves as messenger RNA for the synthesis of 
polymerase and core proteins (see Fig. 31-2, 5). Additionally, it is 
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e Fig. 31-2 Hepatitis B virus life cycle. Steps 1 to 9 and A to C are 
described in the main text. cccDNA, Covalently closed circular DNA; ER, 
endoplasmic reticulum; HBc, hepatitis B core; HBx, hepatitis B X; HSPG, 
heparin sulfate proteoglycan; MVB, multivesicular bodies; NTCP sodium- 
taurocholate cotransporting polypeptide, pgRNA, pregenomic RNA; pol, 
polymerase. 


used as a template for reverse transcription.” The 2.4/2.1-kb 
subgenomic RNA encodes three viral envelope proteins that are 
secreted (see Fig. 31-2, 6). The pgRNA is encapsidated together 
with the viral polymerase (see Fig. 31-2, 7) and reverse transcribed 
within the nucleocapsid in the cytoplasm into new rcDNA (see 
Fig. 31-2, 8). Nucleocapsids containing linear double-stranded 
DNA (see Fig. 31-2) can be formed and may contribute to HBV 


genome integration into the host genome (see Fig. 31-2) »' Mature 
nucleocapsids are then directed to the secretory pathway for envel- 
opment (see Fig. 31-2, 9). Alternatively, nucleocapsids can be 
redirected toward the nucleus to establish a cccDNA pool”? (see 
Fig. 31-2). 


Hepatitis B Virus Entry 


The available data on HBV entry allow the proposal of a relatively 
simple model involving heparin sulfate proteoglycans as low- 
affinity receptors for virus docking at the human hepatocyte 
surface” and NTCP as a high-affinity, liver-specific receptor.” 
The L protein plays a major role in the HBV infection process. 
Synthetic peptides spanning the pre-S1 domain and antibodies 
against this domain strongly inhibited HBV binding to HepG2 
cells. Mapping experiments showed that a domain that 
includes amino acids 2-48 of the L protein mediates attachment 
of the virus to hepatocytes, whereas the S protein seems to be 
involved in other steps.” Moreover, a myristic acid residue, cova- 
lently attached to glycine 2 of the L protein during translation, 
appears to determine HBV infectivity.” In vitro and in vivo studies 
have shown that peptides consisting of authentically myristoylated 
amino acids of the N-terminal part of the L protein specifically 
inhibit HBV infection,”’”** and the prototype of these peptides 
(Myrcludex B) is being clinically evaluated for the treatment of 
chronic hepatitis B. This peptide has also been used as a bait to 
pull down NTCP, the HBV/hepatitis D virus receptor. It was also 
shown that the antigenic loop in the S protein—but not in the L 
protein—is essential for infectivity by mediating attachment to 
heparin sulfate proteoglycans.’ 


Hepatitis B Virus Capsid Transport Toward 
the Nucleus and Genome Release 


As in vitro infection models were rather inefficient, most likely 
because of a defect(s) in the entry process, lipofection assays have 
been performed to study the behavior of nucleocapsids after their 
release from the endosomal compartment into the cytoplasm. 
Capsids have been shown to be transported to the nucleus through 
an active microtubule-dependent mechanism.” On phosphoryla- 
tion within the cytoplasm, capsids undergo structural changes 
that lead to exposure of increasing numbers of nuclear localization 
signal in the C-terminal of the core proteins.“ Exposure of the 
nuclear localization signal increases the probability of interaction 
with the importin &/B proteins and binding to the nuclear pore 
complexes.“ With use of permeabilized cells, it has been further 
demonstrated that nucleocapsids are imported in an intact form 
through the nuclear pore complexes into the nuclear basket, where 
they interact with nucleoporin.* There, mature capsids (contain- 
ing double-stranded DNA and thus less stable than immature 
capsid—containing RNA) disassemble and release HBV genomes 
within the karyoplasm.“ 


Covalently Closed Circular DNA Formation 


Although cccDNA is responsible for HBV persistence in the liver, 
little is known about its formation and regulation. It is exclusively 
produced from rcDNA (either from incoming virions or from 
neoformed nucleocapsids) by multistep host activities, including 
(1) the removal of the polymerase protein covalently linked to the 
minus strand of rcDNA, (2) removal of the RNA primer cova- 
lently linked to the plus strand of rcDNA, (3) generation of one 
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unit length double-stranded DNA, and (4) ligation of the ends 
of both strands. A recent study uncovered the mechanism of 
polymerase removal form rcDNA. It was demonstrated that 
tyrosy|-DNA_ phosphodiesterase 2 can specifically cleave the 
tyrosyl-DNA bond and release P protein from authentic HBV 
rcDNA in vitro. However, HepG2-NTCP cells (engineered by 
a clustered regularly interspaced short palindromic repeats 
[CRISPR]/Cas9-based approach) in which tyrosyl.DNA phos- 
phodiesterase 2 has been knocked out are still susceptible to HBV 
infection,’ indicating that tyrosyl. DNA phosphodiesterase 2 is 
dispensable for cccDNA formation in the cell and that other 
enzymes of the DNA repair machinery are likely involved as well. 
Once formed, cccDNA persists as a minichromosome in the 
nucleus of infected cells,” and viral messenger RNAs are tran- 
scribed by the cellular RNA polymerase II. A number of transcrip- 
tion factors, chromatin-modifying enzymes, and viral proteins 
(i.e., hepatitis B core and HBx) were identified as epigenetic 
modulators of cccDNA.” 4% 


Capsid Formation, Maturation, and Secretion 


Once synthesized, pgRNA is encapsidated together with viral 
polymerase. The HBV capsid spontaneously self-assembles from 
many copies of core dimers present in the cytoplasm. The forma- 
tion ofa trimeric nucleus and the subsequent elongation reactions 
occur by addition of one dimeric subunit at a time until it is 
complete.” Three components are involved in specific packaging 
of pgRNA into the capsid: viral polymerase, the nucleic acid— 
binding domain of the core protein, and the € stem-loop in the 
5’ region of pgRNA.”'™ Core protein dimers can bind and encap- 
sidate both pgRNA and heterologous RNA molecules with a high 
level of cooperation, irrespective of the phosphorylation status.” 
This strongly suggests that viral polymerase is probably the factor 
required for specific packaging of pgRNA. Maturation of the 
nucleocapsid consists of synthesis of the minus DNA strand by a 
reverse transcriptase activity, followed by pgRNA degradation by 
an RNase H activity and synthesis of the plus DNA strand by a 
DNA polymerase activity. All these enzymatic activities are 
ensured by the viral polymerase. HBV budding has been shown 
to be strictly dependent on the L protein.” When the ratio 
between L proteins and nucleocapsids is not optimal, the latter 
are preferentially recycled to the nucleus to amplify the cccCDNA 
molecule pool.” The interaction of L protein with capsids is also 
critical for HBV assembly as it can be disrupted by peptides 
interacting with the core.” On the basis of data obtained in dif- 
ferent studies, it has been proposed that HBV virions bud into 
late endosomes or multivesicular bodies and exit the cell via the 
exosome pathway (for a review, see Patient et al.”*). The presence 
of cholesterol within the viral envelope is essential for HBV entry 
into hepatocytes. Infectivity of HBV produced from cell culture 
in the presence of inhibitors of cholesterol synthesis is severely 
impaired, whereas cholesterol extraction from cellular membranes 
showed no effect on HBV infection, excluding a role of lipid 
rafts.” It is also interesting to note that on trafficking to the 
nucleus, the viral core proteins may have nuclear functions, 
including the epigenetic modulation of cccDNA activity and 
repression of interferon (IFN)-stimulated gene expression, which 
may be critical for the establishment of a chronic infection." 
This increased understanding of the peculiar steps of the HBV 
life cycle has boosted the development of new antiviral strategies 
against chronic HBV infection that will complement or replace 
the currently approved pegylated IFN-o and nucleoside/nucleotide 
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analog therapies, which have limitations in HBV infection cure.” 
The central role hepatitis B core proteins play in the viral life cycle 
(essential for HBV genome packaging, reverse transcription, intra- 
cellular trafficking, and maintenance of chronic infection as 
encapsidated HBV genomes are imported into the nucleus) led 
to the development of families of core protein assembly modula- 
tors. Phenylpropenamide derivatives interfere with HBV RNA 
packaging, leading to the formation of empty capsids and reduc- 
tion of the amount of intracellular immature capsids, mature viral 
particles, and intracellular cccDNA pools, without affecting hepa- 
titis B core antigen levels.“ Heteroaryldihydropyrimidines 
reduce both HBV DNA and hepatitis B core antigen levels 
through degradation by the proteasome pathway” and favor 
assembly of aberrant particles. Both phenylpropenamide deriva- 
tives and heteroaryldihydropyrimidines inhibit viral variants that 
are resistant to current polymerase inhibitors and are entering 
early clinical development.” As cccDNA is responsible for viral 
persistence (even under treatment), targeting cccDNA formation 
and/or stability is regarded as the best option to achieve cure of 
HBV infection. DNA cleavage enzymes, including homing endo- 
nucleases or meganucleases, zinc finger nucleases, TAL effector 
nucleases, and Cas9 proteins, specifically targeting the cccCDNA 
are currently being engineered.°*’' These new antiviral strategies 
coupled with new molecules (i.e., toll-like receptor agonists) or 
methods (therapeutic vaccines, T-cell engineering) to boost innate 
or adaptive immunity constitute a broad and stimulating new 
collection of therapeutics that have the potential to radically 
change the way that chronic hepatitis B patients are treated.°””” 


Hepatitis B Virus Genome Variability 


The viral polymerase has a spontaneous error rate related to the 
lack of proofreading activity that leads to the generation of viral 
genome mutants at each replication cycle. Phylogenetic analysis of 
HBV has allowed the identification of 10 viral genotypes (from A 
to J).” The virus also circulates as a viral quasi-species that evolves 
over time depending on naturally or therapeutically induced selec- 
tive pressures. Viral mutants can be archived in cccDNA and may 
be reselected depending on selective pressure and treatment history. 
The rate of selection of a given mutant depends on its capacity to 
spread in the liver in competition with other viral strains because 
of its replicative advantage within a given environment (i.e., viral 
fitness). For instance, so-called precore mutations with either 
stop codon mutations in the precore region or basic core promoter 
mutations, are frequently observed during the natural history of 
the infection and are thought to be selected during the transition 
from the HBeAg-positive phase to the HBeAg-negative phase.” 
Other clinical virus variants harbor mutations in the S region and 
may allow escape of HBV immunoglobulins or vaccine-induced 
antibodies, or mutations in the viral polymerase gene.” The use 
of the first-generation nucleoside/nucleotide analogs with a low 
barrier to resistance (lamivudine, adefovir, telbivudine) led to 
the emergence of drug-resistant variants, with polymerase gene 
mutations in a high number of patients, abating the benefit of 
antiviral treatment.” Some of these mutants were also shown to 
induce mutations in the overlapping envelope gene, leading to 
vaccine-escape mutants.” Sequential therapy with these mutants 
led to the emergence of multiple drug-resistant mutants.” The 
clinical situation improved dramatically with the development of 
drugs with a higher barrier to resistance. For example, entecavir 
resistance requires several mutations in the viral polymerase gene 
in the same viral genome, explaining its high barrier to resistance 


in treatment-naive patients. However, because entecavir shares 
some resistant mutations with lamivudine, entecavir’s barrier to 
resistance becomes low in patients in whom lamivudine therapy 
has already failed. Tenofovir has a high barrier to resistance in 
both treatment-naive and treatment-experienced patients. Teno- 
fovir therapy is associated with a decreased quasi-species complex- 
ity and diversity. No selection of drug-resistant mutants has been 
observed although some adefovir-resistant mutants may confer a 
decreased susceptibility to tenofovir.” 


Immunopathogenesis of 
Hepatitis B Virus Infection 


HBV is a nondirectly cytopathic virus even though it has been 
shown to alter hepatocyte lipid metabolism through competition 
with the receptor NTCP.”* Thus the host immune response against 
HBV is responsible not only for viral control but also for the 
development of the liver inflammation that can lead to the devel- 
opment of liver cirrhosis and hepatocellular carcinoma (HCC). 


The Immunologic Profile of 
Hepatitis B Virus Control 


Efficient control of HBV infection is characterized by the induc- 
tion and persistence of helper and cytotoxic T cells targeting 
different HBV proteins and by the production of neutralizing 
antibodies specific for the pre-S1 and the a determinant regions 
of hepatitis B surface protein (see Fig. 31-2).” Although informa- 
tion on the frequency of neutralizing hepatitis B surface antibody— 
producing B cells is very limited,” the T-cell response associated 
with viral control has been extensively characterized. It is com- 
posed of CD4* and CD8* T cells, specific for different HBV 
proteins, that secrete T;,1 cytokines,”' proliferate, and lyse HBV- 
infected hepatocytes.**** T-cell responses are efficiently induced 
in adults after acute HBV infection acquired through percutane- 
ous or sexual transmission, whereas infection at birth or in chil- 
dren causes clinical manifestations of acute hepatitis more rarely. 
The host genetic profile and the infection of different HBV geno- 
types impact the T-cell fine specificity but not the overall T-cell 
quantity and function, which is robust in resolved patients but 
weak in chronic hepatitis B patients.” Importantly, the patients 
who resolve acute HBV infection maintain protective immunity 
for the remainder of their life,” but trace amounts of HBV DNA 
can be detected sporadically” (Fig. 31-3). Thus successful HBV 
immunity is protective rather than sterilizing, and cccDNA per- 
sists in the form of a minichromosome in a few hepatocytes in 
resolved patients.” 

Acute HBV infection has peculiar virologic and immunologic 
features in comparison with infection with other viruses. After 
infection, most viruses instantly enter a logarithmic phase of 
propagation (e.g., hepatitis C virus [HCV], human immunodefi- 
ciency virus, human cytomegalovirus, influenza virus, dengue 
virus), whereas HBV is characterized by a delayed amplification 
of virus replication and spread (Fig. 31-4). In other viruses the 
logarithmic phase of viral replication is associated with febrile 
symptoms but acute HBV infection is mainly asymptomatic. This 
is because in most viral infections there is an immediate and 
strong type I (IFN-o/B) innate immune response linked with the 
production of proinflammatory cytokines (IL-1B, IL-6, TNF-a) 
that are detectable at extremely low levels in the early stages 
of acute HBV infection.™® Such symptomatic and cytokine 
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¢ Fig. 31-4 Emergence of innate immunity activation, hepatitis B virus 
(HBV)-specific antibodies, and T-cell responses during acute HBV 
infection in relation to the kinetics of HBV replication. HBc, Hepatitis B 
core; HBs, hepatitis B surface. 


production differences reflect a substantial ability of HBV to 
evade the innate immune response. Seminal observations in HBV- 
and HCV-infected chimpanzees clearly show a limited induction 
of IFN-related genes after HBV infection in contrast to the rapid 
up-regulation observed in HCV infection.' Lack of induction of 
known IFN-o-stimulated genes was observed not only during 
acute HBV infection but also during chronic reactivation” and 
in the livers of woodchucks chronically infected with woodchuck 
hepatitis virus.” 

The reasons for HBV’s failure to trigger a robust IFN-o- 
mediated innate response are still controversial. Initially, the defect 
in type I IFN responses was interpreted as an ability of HBV to 
completely escape innate recognition,” perhaps related to an 
inability of RNA-DNA host-sensing receptors to detect the HBV 
newly transcribed genomes shielded within the viral capsid in the 
cell cytoplasm. However, evidence obtained in mice reconstituted 
with human hepatocytes” or in cell cultures”* has challenged this 


view, showing that HBV can be sensed by the innate immunity. 
Furthermore, the cytosolic sensory molecule retinoic acid— 
inducible gene I” has recently been demonstrated to detect HBV 
pgRNA and trigger type HI IFN (IFN-A) responses. Nonetheless, 
IFN-o/B/A gene activation remains in any case minimal in all the 
experimental systems evaluated so far.*”*” 

The possibility that HBV can actively suppress innate immune 
activation has been investigated but knowledge is limited. The 
objective difficulties to establish a reliable and robust infection 
system in vitro and in vivo with normal human hepatocytes as 
previously discussed have slowed research in this area. For example, 
the ability of HBV polymerase or HBx to interfere with signaling 
mediated by the cytosolic sensory molecules (retinoic acid— 
inducible gene I, helicases)” has been reported with use of 
HBV-transfected cells and needs to be confirmed in an HBV 
natural infection system. The possibility that HBV capsid protein 
can inhibit IFN-o response®' has also been proposed. 

Antiviral innate immunity after acute viral infection comprises 
not only activation of the type I IFN system; other components of 
the immune system, such as natural killer (NK) and NK T cells, 
are involved. Importantly, although HBV does not trigger high 
type I IFN production, data in chimpanzees and woodchucks 
acutely infected with HBV/woodchuck hepatitis virus clearly 
show a robust IFN-y production that precedes HBV-specific T 
cell detection and correlates with a significant drop in HBV rep- 
lication and the level of HBV antigens.””* The possibility that NK 
cells could mediate such a large production of IFN-y has been sug- 
gested: NK-cell activation and increased NK-cell frequency have 
been shown in patients with acute hepatitis.””'°° Recent elegant 
work in mice has also proposed the involvement of NK T cells in 
the initial sensing of HBV.'*' In this model, CD 1-restricted NK 
T cells are activated by self-lipids induced by HBV replication. 
However, HBV replication in this mouse model was mediated by 
an adenoviral vector, and CD 1-restricted NK T cells are abundant 
in mouse liver but not in human liver, where they are replaced by 
different innate cells such as NK bright and mucosal-associated 
invariant T cells.'°* Whether CD 1-restricted NK T-cell activation 
might be necessary for the successful control of HBV infection 
still needs to be established in natural infection. 
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Immune-Mediated Inhibition of 
Hepatitis B Virus Replication 


An important aspect of the host-virus interaction is how the 
immune response reduces HBV replication. Although antibodies 
against envelope proteins can block HBV infection of hepato- 
cytes, the lysis of infected cells by functionally efficient CD8 T 
cells is necessary to reduce their number.'°’ However, because the 
liver is an organ indispensable for life, many mechanisms are in 
place to reduce the direct lysis of hepatocytes by NK cells or 
cytotoxic T cells (granzyme B).' In addition, analysis of the 
decline in HBV viral load during acute HBV infection clearly 
shows that a large portion of HBV replication can be suppressed 
by immune mechanisms mediated by cytokines that do not entail 
hepatocyte lysis.’ 

IFN-@ inhibits HBV replication, and this antiviral effect is 
achieved by induction of epigenetic changes in the histones that 
bind the HBV cccDNA and by accelerated decay of replication- 
competent HBV nucleocapsids.'”” At very high doses IFN-o has 
also been shown to induce direct degradation of cccDNA through 
activation of apolipoprotein B messenger RNA editing enzyme 
catalytic subunit 3A, a cytidine deaminase." However, similarly 
to the reduced activation during acute HBV infection, IFN-a 
antiviral efficacy toward HBV-infected hepatocytes is weak. 
Although high doses of IFN-o are able to inhibit HBV replication 
in vitro, low doses seem to promote HBV replication” and the 
antiviral efficacy of IFN-o therapy is much lower in patients 
chronically infected with HBV than in patients chronically 
infected with HCV. In HCV-infected patients, IFN-a therapy 
results in a sharp decrease in HCV viremia within the first 48 
hours,'”* whereas in HBV-infected patients, HBV DNA level 
declines only 3 to 4 weeks after the start of therapy,” takes several 
months to reach its maximum, and seems to be mediated mainly 
by the ability of IFN-o to activate NK cells.''° 

Other cytokines, such as IL-1B and IL-6, have direct antiviral 
effects''' but the most potent ones seem to be IFN-y and TNF- 
a. > These cytokines are mainly associated with a functional, 
efficient HBV-specific T-cell response, but NK cells and NK T 
cells also release them. This was, for example, demonstrated not 
only by seminal work in HBV transgenic mice’ but also in HBV- 
infected chimpanzees treated with toll-like receptor agonists'’” 
that can stimulate not only an IFN-o-related response but also 
an IFN-y-related response likely produced by intrahepatic NK 
cells. Another innate immune pathway important in the suppres- 
sion of HBV replication is mediated by lymphotoxin (LT)-B 
receptor.” Recent work showed that activation of the LT-a/B 
intracellular pathway induces activation of nuclear deaminases 
that destabilizes cccDNA and results in a robust intrahepatic 
reduction in the level of HBV DNA. LT-f receptor agonists can 
act at low doses and induce a sustained activation of a cytidine 
deaminase (apolipoprotein B messenger RNA editing enzyme 
catalytic subunit 3A) that destabilizes cccDNA. The physiologic 
ligands of LT-B receptor are two members of the TNF-superfamily 
of ligands, expressed on subsets of activated T, B, and NK cells. 
One is the heterotrimer LT, formed by a single molecule of 
LT-@ and two molecules of LT-B, which activates LT-B receptor 
signaling by inducing a simple dimerization of the LT-B receptors 
on cells.''° The other LT- receptor ligand is called LIGHT (from 
“homologous to lymphotoxin, has inducible expression, and com- 
petes with herpes simplex virus glycoprotein for herpes simplex 
entry mediator”) and is expressed in immature dendritic cells and 
activated T cells, can bind to LT- receptor in a soluble form, and 


has been shown to play a role in adaptive immunity maturation 
as well as the liver inflammatory reaction.’ Despite the impor- 
tance of the LT-B receptor pathway for HBV control, information 
about the activation state during natural HBV infection is lacking. 
The only information available so far was derived from studies in 
individuals with chronic HBV infection where expression levels 
of LT-o and LT-B were shown to be up-regulated and associated 
with HCC development.'"® 

A note of caution about the antiviral effect of cytokines on 
HBV replication is necessary. Most of the experimental evidence 
demonstrating the ability of cytokines to inhibit HBV replication 
comes from experimental systems devoid of chronic inflammatory 
events. However, intrahepatic levels of suppression of cytokine 
signaling 3, a negative Œ regulator of cytokine signaling, are 
known to be increased in patients and woodchucks with chronic 
hepadnavirus infection.”'''? Suppression of cytokine signaling 3, 
a predictor of poor IFN-© responses in HCV-infected patients,” 
may also impact the antiviral efficacy of IFN-o and other cyto- 
kines in patients with chronic HBV infection. The intrahepatic 
environment in chronic HBV infection is also rich in IL-10,'7 
transforming growth factor B,” and arginase,'~ all factors that 
impair T-cell function but also NK-cell function.'** Therefore the 
impact of the activation of different components of innate and 
adaptive immunity might be modulated in a liver microenviron- 
ment characterized by chronic inflammatory events. 


The Impact of Age in the Pathogenesis of 
Hepatitis B Virus-Mediated Hepatitis 


Chronic HBV infection occurs in people who fail to mount an 
efficient antiviral immune response, and the causes of this inef- 
fective response are likely multifactorial. The HLA class II genetic 
profile’? and the initial dose of the virus'”* influence the induc- 
tion of a coordinated activation of innate and adaptive mecha- 
nisms. However, one of the major causes of HBV chronicity, 
particularly in Asia, where two thirds of the population with 
chronic hepatitis B live, is mother to child transmission.” 
HBV is thought to exploit the immaturity of the neonatal 
immune system to establish a persistent infection, reflected in 
an estimated 90% of neonates who develop chronicity follow- 
ing vertical or perinatal transmission.'*’ The HBV infection in 
infants or young children rarely causes clinically manifested acute 
hepatitis as seen in adulthood, and is characterized by high levels 
of HBV replication and low incidence of liver inflammation, a 
phase of infection that has been traditionally labeled as the immu- 
notolerant phase, ™ suggesting an inability of infants to initiate an 
HBV-specific T- and B-cell response if infected at birth. This has 
been difficult to study in humans, and it is therefore mainly sup- 
ported by data from experimental animal models (i-e., HBV trans- 
genic animals) that showed the presence of immunologic defects 
which impair HBV-specific T- and B-cell priming in neonatal 
animals. >! However, new data characterizing the immuno- 
logic profile in infants with HBV exposure at birth reveal a more 
complex scenario.” First, the concept that the neonatal immune 
system is defective has been challenged. Immune activation is 
evident during early fetal life'®'’’ but the newborns immune 
system is less capable of triggering a proinflammatory reaction, 
a likely evolutionary adaptation to avoid dangerous immune 
reactions in utero.” Indeed, a better analysis of data generated 
in natural HBV infection reveals that a proportion of neonates 
exposed to HBV at birth mount an HBV-specific T-cell response. 


For example, two independent studies performed in hepatitis B 
surface antigen—negative children born to HBV-positive mothers 
have demonstrated the presence of core and polymerase-specific 
T cells.'°*!°? Neonates of HBV-positive mothers have also been 
shown to have normal dendritic cell functions.'*? Furthermore, 
analysis of innate immune cells from HBV-exposed neonates 
shows that HBV exposure is actually beneficial to the maturation 
level of monocytes and NK cells, resulting in a trained immunity 
more able to counteract, at least in vitro, bacterial infections.” 
Such data suggest a scenario in which HBV infection or exposure 
at birth does not efficiently trigger an HBV-specific T-cell response 
(and thus predispose to HBV persistence, through possible clonal 
deletion of most HBV-specific T cells). Nonetheless, it causes an 
increased innate immunity maturation that might provide an 
evolutionary advantage to children in controlling bacteria infec- 
tions. The evidence that HBV does not to induce a generic state 
of immune defects is questioning the traditional labeling of the 
initial phase of chronic HBV infection (which may last to adult- 
hood) as the immunotolerant phase of disease. 

Traditionally, distinct phases of chronic HBV infection have 
been defined on the basis of HBV DNA and alanine aminotrans- 
ferase (ALT) levels and presence/absence of HBeAg. An initial 
immunotolerant phase, characterized clinically by high levels of 
viral replication, the presence of HBeAg, and normal ALT values, 
is followed by the so-called immune activelclearance phase that is 
typically seen in adults and is characterized by fluctuating levels 
of HBV replication, elevated ALT levels, and necroinflammation 
on liver biopsy. Such phases are then followed by an immune 
control phase, characterized by loss of HBeAg, decrease in HBV 
DNA levels, and normalization of ALT levels. However, whether 
these clinical and virologic phases are a real direct expression of 
the immunologic changes is controversial. For example, the effi- 
cacy of pegylated IFN-o and pegylated IFN-o plus nucleoside/ 
nucleotide analog therapy has been reported to be higher in 
immunotolerant children than in adults,'*"'** and recent data 
show that immunotolerant young patients have better HBV- 
specific T-cell responses than older patients with chronic active 
hepatitis B® and active innate IFN signatures.“ 

The problem of the classic definition of immunotolerant or 
immune active phases of HBV infection derives from consider- 
ation of the values of ALT as a biomarker of HBV-specific T-cell 
responses. Because HBV is not directly cytopathic and HBV- 
specific CD8 T cells control HBV replication by recognition and 
killing of the HBV-infected hepatocytes,” such interpretation 
has some logic. However, although this assumption is acceptable 
in the phase of acute HBV infection where high values of ALT 
are temporally correlated with increased frequency of HBV- 
specific T cells,“ data obtained during chronic HBV infection 
challenge this view. 

T-cell immunity against hepatocytes in adenovirus-infected 
mice occurs without alteration in the serum ALT level,'“° and 
adoptive transfer of HBV-specific T cells can cause substantial 
inhibition of HBV replication without increased levels of ALT,” 
showing that efficient immune-mediated HBV clearance can 
occur through a cytokine-mediated noncytopathic effect. Finally, 
the quantity of circulating and intrahepatic HBV-specific T cells 
in patients with chronic hepatitis B is not proportional to the level 
of biochemical activity reflected in the serum ALT level.'*” This 
is because robust inflammatory events in the liver are associated 
with intrahepatic recruitment of granulocytes, monocytes and 
non-antigen-specific T cells'“*'” and with a decreased quantity 
of immune regulatory cells, such as myeloid suppressor cells, able 
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to inhibit not only HBV-specific T cells but also the bystander 
non-HBV-specific T cells.” 

For this reason, the state of high HBV replication and low ALT 
levels present in children and in young patients with chronic 
hepatitis B and conversely the increased detection of liver inflam- 
matory events during adulthood can reflect the physiologic 
changes of the quality (not the quantity) of immune responses 
associated with aging.” In the initial phase of HBV infection, 
currently defined as immunotolerant, the few and functionally 
impaired HBV-specific T cells might, similarly to in adults, try to 
contain the HBV infection by cytokine-mediated control and by 
killing HBV-infected hepatocytes. However, as a consequence of 
the reduced proinflammatory response present in newborn/young 
patients and of the limited pool of T cells responding to bystander 
cytokine-mediated activation,” the HBV-specific T cells might 
not be able to trigger nonspecific inflammatory events. In con- 
trast, the so-called immune activelclearance phase of chronic hepa- 
titis B, characterized by elevated serum ALT levels, may differ not 
by the number or function of HBV-specific T cells'*’ but only by 
the higher propensity to trigger inflammatory events as a conse- 
quence of the proinflammatory immunity associated with aging,” 
the increased pools of memory/activated T cells, and the different 
quantity of myeloid suppressor cells present in these patients.'”” 

More data need to be generated to determine whether the 
proposed pathogenetic model as summarized in Fig. 31-5 is 
correct, but practical consequences for patient treatment can 
arise. >!" Firstly, if young patients with chronic HBV infection 
exhibit a more conserved HBV-specific immune response than 
adult patients but do not trigger a robust proinflammatory reac- 
tion, therapy designed to boost HBV-specific immunity (vaccine 
therapy, checkpoint inhibitors) is likelier to be successful and less 
damaging. Secondly, there is a need to consider and evaluate 
chronic HBV infection in adults more as an inflammatory rather 
than a viral disease.” 


Liver Damage Pathogenesis During 
Hepatitis B Virus Infection 


During acute HBV infection, when most hepatocytes are HBV 
infected and CD8 T cells specific for different HBV antigens are 
clonally expanded and functionally efficient, hepatocyte damage 
is initiated and mainly caused by T-cell direct recognition and lysis 
of HBV-infected hepatocytes. In line with the demonstration that 
HBV-specific T cells are quantitatively detectable in patients with 
a self-limited infection but not in patients with viral persis- 
tence,'**!°° depletion studies in HBV-infected chimpanzees” 
and studies performed using HBV-transgenic''* or HBV hydro- 
dynamically transfected mouse'”” models clearly illustrate the 
importance of T cells in this process. Sophisticated in vivo imaging 
of the interaction of CD8 T cells with their infected targets has 
recently illustrated the ability of HBV-specific CD8 T cells to 
detect and interact with the HBV-presenting hepatocytes without 
the need for extravasations but through the protrusion of cellular 
villi in the fenestrated endothelial barrier of the hepatic sinu- 
soids.'”* This direct interaction between target cells and CD8 T 
cells is peculiar to the liver, where the classic continuous endothe- 
lial cell layer and basement membrane that physically separate 
circulating immune cells and parenchymal cells does not exist.'” 
Furthermore, even though the mechanisms by which effector 
CD8 T cells specifically traffic within the liver are poorly under- 
stood, the critical role of platelets in the intrahepatic recruitment 
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¢ Fig. 31-5 Immunologic events in immunotolerant and immune active hepatitis phases of hepatitis B 
virus (HBV) infection. The conventional scenario (A) hypothesizes that HBV-specific T cells are lacking in 
the immunotolerant phase and are present in the immune clearance phase characterized by fluctuating 
levels of alanine aminotransferase (ALT) and HBV DNA. The proposed new scenario (B) hypothesizes that 
the levels of HBV-specific T cells are constant but the inflammatory events are triggered preferentially in 


the immune clearance phase. 


and docking of virus-specific CD8 T cells within the liver has 
been revealed.'” 

Importantly, the process of chronic liver inflammation alters 
the defined and linear process of T-cell recognition of HBV- 
infected hepatocytes. Alteration of liver anatomy and the existence 
of several non—mutually exclusive inhibitory mechanisms medi- 
ated by cytokines (i.e., IL-10),'*! enzymes (arginase),'°° or immune 
cells (regulatory T cells, NK cells, and myeloid suppressor 
cells)'*'°''® contribute to suppression of T-cell antiviral efficacy. 
For example, experimental induction of liver fibrosis causes ana- 
tomic collapse of liver endothelial fenestrations blocking the 
diapedesis-independent T-cell recognition of HBV-expressing 
hepatocytes.’ Other cell types, such as inflammatory monocytes/ 
macrophages, become abundant in the liver parenchyma and form 
lymphoidlike aggregates, which can be important in boosting 
virus-specific T-cell responses if they are appropriately activated,’ 
but can also secrete proinflammatory cytokines that cause direct 
liver damage and enhance the presence of arginase or other inhibi- 
tory cytokines such as IL-10.'° The function and presence of 
HBV-specific T cells (CD8 and CD4 T cells)” already com- 
promised by exhaustion phenomena caused by the persistence 
presentation of HBV antigens by hepatocytes" can also be 


suppressed by NK cells that can directly kill the partially exhausted 
HBV-specific T cells’ or by myeloid suppressor cells that further 
deprive T cells of essential amino acids necessary for their sur- 
vival.” Inhibitory receptors such as programmed-death ligand 1 
can be up-regulated in activated monocytes or HBV-infected 
hepatocytes,'”” further suppressing programmed death 1-positive 
HBV-specific T cells. 

All these phenomena contribute to create a situation in which 
liver damage during chronic viral infection is mediated primarily 
not by the few and exhausted HBV-specific CD8T cells but rather 
by non—antigen-specific activation of immune cells (monocytes, 
non-HBV-specific T cells, NK cells) (see Fig. 31-5). In patients 
chronically infected with HBV, irrespective of the level of liver 
inflammation, the absolute numbers of intrahepatic HBV-specific 
CD8 T cells remain similar,“ whereas the liver injury is associ- 
ated with massive liver infiltration of antigen-nonspecific CD8 T 
cells.“ Work performed in HBV transgenic mice’“ has shown 
that HBV-specific T cells might initiate liver damage but the 
increased production of chemokines (CXCL9, CXCL10), 
up-regulated during chronic hepatic flares in CHB patients,” 
triggers the recruitment of non—HBV-specific T cells and inflam- 
matory monocytes. Importantly, myeloid suppressor cells have 


been shown to inhibit both the functionality of HBV-specific and 
bystander T cells, and their abundance is directly correlated with 
the control of liver inflammation.” Thus the advanced phases of 
chronic HBV infection should be considered mostly an inflam- 
matory disease.'” Recent data in HBV transgenic mice clearly 
indicate that suppression of intrahepatic cytotoxic T-cell activity 
in the liver by antiplatelet therapy prevents HCC.'”' Platelets 
promote the accumulation of CD8 T cells in the liver, and anti- 


platelet therapy blocks this process, reducing hepatocellular injury 
and fibrosis.'”! 


Conclusion 


Knowledge of HBV biology and the associated immunopathogen- 
esis is critical in our understanding of disease outcomes and 
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patient treatment. It will be critical to continue to work with the 
most relevant biologic models and patient samples to identify 
those aspects of the pathobiology of chronic HBV infection that 
provide insights into the successful control and eradication of 
HBV infection. Increased knowledge of HBV biology and the 
development of new molecular (nucleocapsid inhibitors, small 
interfering RNA, CRISPR/Cas9) or immunologic (toll-like recep- 
tor agonists, vaccines, T-cell engineering) tools have expanded our 
therapeutic strategies and will continue to be crucial as we strive 
for the ambitious goal of curing HBV infection. 
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ABBREVIATIONS _ 


AFP a-fetoprotein 

ALT alanine aminotransferase 
anti-HBc hepatitis B core antibody 
anti-HBe hepatitis B e antibody 
anti-HBs hepatitis B surface antibody 
APRI AST to platelet ratio index 
AST aspartate aminotransferase 
GGT y-glutamyl transpeptidase 

GN glomerulonephritis 

HBcAg hepatitis B core antigen 
HBeAg hepatitis B e antigen 

HBsAg hepatitis B surface antigen 
HBV hepatitis B virus 

HCC hepatocellular carcinoma 

HCV hepatitis C virus 

HDV hepatitis D virus 

HIV human immunodeficiency virus 
NAT nucleic acid testing 

PCR polymerase chain reaction 


Introduction 


Hepatitis B virus (HBV) infection has a significant public health 
impact, with roughly 250 million persons worldwide chronically 
infected.’ HBV infection is a major cause of liver cirrhosis and 
end-stage liver disease and is responsible for more than half of the 
cases of hepatocellular carcinoma (HCC) in the world. The course 
of chronic HBV infection is notable for fluctuations in viral rep- 
lication and liver injury, and disease progression is influenced by 
multiple host, virus, and environmental characteristics, culminat- 
ing in liver-related deaths in 15% to 40% of patients.” The diag- 
nosis of HBV infection was revolutionized by the discovery of 
hepatitis B surface antigen (HBsAg), the serologic hallmark of 
HBV infection. Advances in molecular biology have provided a 
wide array of tests to quantify viral load, determine HBV geno- 
type, and detect viral variants. Screening at-risk populations for 
HBV, vaccinating those who have not been exposed, and treating 
those who are chronically infected have mitigated the burden of 
disease. 
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Epidemiology 


Burden of Disease 


HBV infection is a global health problem. It is estimated that 
worldwide 250 million persons are chronically infected and 
600,000 persons die annually from complications of chronic 
HBV infection.’ Approximately 75% of persons with chronic 
HBV infection reside in Asia, the Pacific Islands, sub-Saharan 
Africa, the Amazon basin and Eastern Europe. In the United 
States, an estimated 730,000 to 2.2 million residents are chroni- 
cally infected with HBV.’ í Worldwide, chronic HBV infection is 
the most common cause of HCC, accounting for between 50% 
and 55% of all cases.’ 

The prevalence of chronic HBV infection varies across geo- 
graphic regions, ranging from 0.1% to 20% (Fig. 32-1). Low- 
prevalence regions (<2%) include the United States, Canada, 
Western Europe, Australia and New Zealand and have hepatitis B 
surface antigen (HBsAg) carrier rates of 0.1% to 2%. Intermediate- 
prevalence regions (2-8%) include nations in Eastern Europe, as 
well as Mediterranean countries, Japan, India, and Singapore. 
China used to be categorized as a high-prevalence country, but 
recent studies showed that the HBsAg carrier rate has dropped to 
7.2% and China is now considered an intermediate-prevalence 
country.° In high-prevalence areas (>8%) such as Southeast Asia 
and sub-Saharan Africa, HBsAg carrier rates can be up to 20%.' 
The overall prevalence of current and past HBV infection is esti- 
mated to be 5% in the United States and close to 100% in 
certain areas in Southeast Asia and Africa.’ The lifetime risk of 
being exposed to HBV infection is estimated to be less than 20% 
in low-prevalence areas, 20% to 60% in intermediate-prevalence 
areas, and 60% to 80% in high-prevalence areas. 


Changing Epidemiology 


The incidence of HBV infection has steadily declined in the 
Western world, but the decline in acute infection has not been 
accompanied by a decrease in prevalence of chronic infection due 
to immigration of infected persons from intermediate- and high- 
prevalence areas.” A recent study found that 82% of persons with 
chronic HBV infection residing in North America were foreign 
born with most being born in Asia, followed by Africa.” The 
implementation of universal HBV vaccination of newborns has 
resulted in a significant decrease in the prevalence of HBV infec- 


tion and the incidence of HCC in children and adolescents”; 
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Prevalence of 
hepatitis B infection, 
adults 19—49 years, 2005 


HBsAg Prevalence 

C] <2% Low 

E] 2-4% Low intermediate 
Œ 5-7% High intermediate 
EE > 8% High 

E Not applicable 


e Fig. 32-1 Global prevalence of HBV infection. (Adapted from Ott JJ et al. Global epidemiology of 
hepatitis B virus infection: new estimates of age-specific HBsAg seroprevalence and endemicity. Vaccine 


2012;30:2212-2219.) 


however, as of 2013, 6% of countries in the United Nations have 
not yet implemented universal HBV vaccination, and the global 
rate of third-dose vaccine coverage is estimated to be approxi- 
mately 65%.'' The second critical intervention that led to a sig- 
nificant decrease in HBV-related morbidity and mortality was the 
introduction of efficacious antiviral therapy.'* In the United 
States, the age-adjusted mortality rate for HBV-infected individu- 
als has decreased steadily since 1994 to 0.6/100,000 in 2004 and 
the indication for liver transplantation (aside from HCC) fell by 
37% from 2000 to 2006.'*"* 


Mode of Transmission 


HBV is more easily spread than human immunodeficiency virus 
(HIV) or hepatitis C virus (HCV). The primary mode of trans- 
mission of HBV infection varies across low-, intermediate-, and 
high-prevalence areas. In low-prevalence areas infection occurs 
mainly in adult life through injection drug use and unprotected 
sex. In intermediate-prevalence areas, infection occurs mainly 
during early childhood through close household contacts and 
percutaneous exposure. The major mode of transmission in high- 
prevalence areas is perinatal transmission and horizontal spread in 
the first 2 years of life. The preponderance of perinatal transmis- 
sion among Asians is likely attributed to the high prevalence of 
hepatitis B e antigen (HBeAg) among Asian women of reproduc- 
tive age. These variations in mode and timing of transmission are 
clinically relevant as the risk of progression to chronic infection 
is inversely related to age at the time of infection. Rates of chro- 
nicity are 90% for perinatal infection, 25% to 50% for infection 


among infants, and only 1% to 2% for infection occurring during 


adulthood." 


Sexual 


Sexual transmission remains the major mode of spread of HBV 
in developed countries. Within the United States, heterosexual 
transmission among adults accounts for 39% and transmission 
among men having sex with men accounts for 24% of new HBV 
infections. ° HBV DNA has been demonstrated in most body 
fluids, but only blood and semen have been consistently shown 
to harbor infectious virions. The risk of HBV infection is increased 
in persons with multiple sexual partners, sexually transmitted 
diseases, or high-risk sexual behaviors. Transmission can be pre- 
vented by vaccination of sex partners and by incorporating safe 
sex practices in individuals with multiple partners. 


Percutaneous 


Percutaneous inoculation of blood or body fluids also plays a 
major role in the transmission of hepatitis B infection. Injection 
drug use accounts for 16% of new HBV infections in the United 
States.'° The reuse of contaminated needles for tattoos, acupunc- 
ture, and ear piercing also provides opportunities for percutaneous 
transmission. In endemic areas, horizontal transmission among 
children may result from close bodily contact, leading to transfer 
of the virus across minor skin breaks and mucous membranes. 
Because HBV remains stable for up to 7 days outside the human 
body, transmission via contaminated environmental surfaces and 
daily articles, such as toothbrushes, razors, eating utensils, or toys, 
may be possible. 
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Specific Diseases 


Perinatal 


The risk of maternal-infant transmission is related to the HBeAg 
and HBV DNA status of the mother. Perinatal transmission of 
HBV infection is rare in countries where universal vaccination of 
newborns is implemented. In the absence of prophylaxis, the risk 
of perinatal transmission is between 85% and 90% for infants 
born to HBeAg-positive mothers and 30% for infants born to 
HBeAg-negative mothers.'? Maternal serum HBV DNA levels 
have also been shown to correlate with the risk of transmission.” 
Implementing antiviral therapy in the 3“ trimester of pregnancy 
to reduce viral load in carrier mothers has been efficacious in 
reducing perinatal transmission rates.'*'? Maternal-infant trans- 
mission takes place at the time of delivery via maternal-fetal 
transfusion or through exposure to maternal blood during passage 
through the birth canal. Intrauterine transmission is uncommon. 
Transmission may also occur postnatally through intimate mother- 
baby contact. This timing of transmission explains the high effi- 
cacy of passive-active immunization of newborns. Cesarean 
section has not been shown to eliminate the risk of perinatal 
infection and should not be routinely recommended for carrier 
mothers.” Although HBsAg can be detected in breast milk, there 
is no evidence that HBV infection can be transmitted by breast- 
feeding.” The risk of transmission during amniocentesis is low. 


Healthcare Associated 


Hepatitis B virus is the most commonly transmitted blood-borne 
virus in the healthcare setting. HBV infection from blood transfu- 
sion is a rare occurrence in the present day. In the United States, 
both HBsAg and hepatitis B core antibody (anti-HBc) are used 
for blood donor screening. The risk of transfusion-related hepati- 
tis B from blood donors who test negative for HBsAg and anti- 
HBc is estimated to be 1 in 63,000.” In some countries, blood 
donors are also screened for HBV DNA. Addition of nucleic acid 
testing (NAT) will detect a small number of donors that may be 
associated with risk of transmitting HBV infection. NAT has been 
implemented in some countries, including the United States. A 
study of 12.8 million donations screened between 2009 and 2011 
in the United States found that addition of minipool nucleic acid 
testing decreased residual risk of post-transfusion hepatitis B from 
between 1:592,000 and 1:754,000 to between 1:765,000 and 
1:1,006,000, comparable to that for HIV or HCV.” The cost- 
effectiveness and overall impact on improving blood safety by the 
addition of NAT vary depending on the prevalence of HBV infec- 
tion in the country of study. 

Another healthcare-associated risk factor for HBV infection is 
hemodialysis. Patients on hemodialysis may be infected through 
blood transfusions, contamination of dialysis machines or equip- 
ment, as well as interpersonal horizontal transmission in the dialy- 
sis units. Improved infection control and the availability of 
vaccines have markedly reduced the incidence of HBV infection 
among hemodialysis patients in the United States.” In the 
Western world, including the United States, all hemodialysis 
patients are vaccinated usually with double-dose HBV vaccine. 
Hepatitis B surface antibody (anti-HBs) titers are monitored 
annually and boosters are given if the anti-HBs titer drops to less 
than 10 mIU/mL.” 

Patients undergoing solid-organ transplantation are another 
population at risk for HBV infection. Organ donors are routinely 
screened for HBsAg. The role of anti-HBc screening in organ 
donors is uncertain due to the potential for false-positive results 
and the uncertainty about the infectivity of organs from donors 


who are HBsAg negative but anti-HBc positive. Declining dona- 
tions from HBsAg-negative, anti-HBc-positive persons could 
result in the loss of up to 5% of donors in low-endemic areas 
and more than 50% of donors in high-endemic areas. The likeli- 
hood of transmission from HBsAg-negative, anti-HBc-positive 
donors is very low for recipients of nonhepatic organs such as 
kidneys and negligible for avascular tissue such as cornea, but may 
be as high as 80% in liver recipients.” The risk of transmission is 
related to the anti-HBs status of the recipient.” Antiviral prophy- 
laxis significantly reduces the rate of transmission of HBV infec- 
tion to liver transplant recipients.”*° The role of antiviral 
prophylaxis in non-liver transplant recipients is less clear, though 
some guidelines recommend up to 1 year of antiviral therapy in 
this setting.” 

Healthcare-associated HBV infection can occur from patients 
to healthcare workers and from healthcare workers to patients, 
though the latter is thought to only rarely occur. Infection in these 
settings generally occurs via contaminated instruments or acciden- 
tal needlestick injuries. In many countries, proof of immunity is 
required of all medical staff performing invasive procedures. The 
Centers for Disease Control and Prevention (CDC) in the United 
States recommends adherence to standard precautions for preven- 
tion of transmission of infectious diseases, screening healthcare 
providers at increased risk for infection and those performing 
exposure prone procedures for HBV infection, and vaccinating 
those who are seronegative. For healthcare workers with chronic 
HBV infection who perform exposure-prone procedures, the 
CDC recommends counseling on measures to prevent transmis- 
sion, antiviral therapy for those with high levels of HBV DNA, 
and regular monitoring to ensure HBV DNA levels remain sup- 
pressed.” In the event of an exposure, the HBsAg status of the 
source should be determined and the vaccination and hepatitis B 
surface antibody (anti-HBs) status of the exposed individual 
should be assessed. This information will guide the need for hepa- 
titis B immune globulin and/or HBV vaccination. 


Diagnosis 


Screening Recommendations 


Persons should be screened for HBV infection based on their 
individual risk factors or prevalence of HBV infection in their 
country of birth (Table 32-1). Pregnant women and persons 
who will be receiving immunosuppressive therapies should also 
be screened for HBV infection. Screening should include a com- 
bination of serologic tests for HBsAg, anti-HBs, and total anti- 
HBc to differentiate those who are infected from those who are 
immune and to identify those who have not been exposed so they 
can be vaccinated. Patients with acute or chronic liver disease and 
those who are HIV positive should also be tested for hepatitis B. 


Hepatitis B Surface Antigen and Hepatitis B 
Surface Antibody 


The diagnosis of hepatitis B infection is based on a combination 
of both serologic and clinical assessment (Fig. 32-2 and Table 
32-2). HBsAg is the serologic hallmark of HBV infection. It is 
detected between 1 and 10 weeks after exposure to HBV and its 
presence can predate clinical symptoms and aminotransferase 
elevation. Persons who clear HBV infection typically have unde- 
tectable HBsAg after 4 to 6 months. The persistence of HBsAg 
for more than 6 months implies a chronic infection. Anti-HBs 
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TABLE oa E . : 
Hepatitis B Virus Screening Recommendations 


Individual Risk Factors 


U.S.-born persons not vaccinated as infants whose parents were born 
in regions with high HBV endemicity (28%) 

Household and sexual contacts of HBsAg-positive persons 

Persons who have ever injected drugs 

Persons with multiple sexual partners or history of sexually transmitted 
disease 

Men who have sex with men 

Inmates of correctional facilities 

Individual with chronically elevated AST or ALT 

Individuals infected with HCV or HIV 

Patients on renal dialysis 

Pregnant women 

Persons needing immunosuppressive therapy 

Persons with blood/bodily fluid exposure who may require 
postexposure prophylaxis 

Donors of blood, plasma, organs, tissue, or semen 


Geographic Risk Factors* 


Asia: all countries 

Africa: all countries 

South Pacific Islands: all countries 

Middle East: all countries except Cyprus and Israel 

Eastern Europe: all countries except Hungary 

South America: Ecuador, Guyana, Suriname, Venezuela, and Amazon 
regions of Bolivia, Brazil, Columbia and Peru 

Central America: Guatemala and Honduras 

Caribbean: Antigua and Burbuda, Dominica, Granada, Haiti, Jamaica, 
St. Kitts and Nevis, St. Lucia, and Turks and Caicos 

The Artic: indigenous populations of Alaska, Canada, and Greenland 


*Includes individuals born in countries with high (HBsAg prevalence 8%) or intermediate 
(HBsAg prevalence 2-7%) HBV prevalence. This includes immigrants and adopted children 
from these areas. If HBsAg-positive persons are found in the first generation, subsequent 
generations should be tested. 

ALT, Alanine aminotransferase; AST, aspartate aminotransferase; HBsAg, hepatitis B surface 
antigen; HBV, hepatitis B virus; HCV, hepatitis C virus; HIV human immunodeficiency virus. 


emerges around the time of HBsAg clearance. In some patients 
there may be a gap between the disappearance of HBsAg and the 
appearance of anti-HBs, creating a window period when neither 
of these markers is detectable (Figs. 32-3 and 32-4). Persons who 
recover from acute HBV infection generally have lifelong detect- 
able anti-HBs, though titers may decline over time. 

Approximately 10% to 25% of persons with chronic HBV 
infection have coexistent HBsAg and anti-HBs.” The underly- 
ing mechanism is not clear, but most cases appear to be a result 
of infection by more than one HBV serotype and the anti-HBs is 
directed against a subtypic determinant and not the common a 
determinant. These antibodies are unable to neutralize the virus 
and persons with both HBsAg and anti-HBs should be managed 
in the same manner as persons with HBsAg but no detectable 
anti-HBs. 


Hepatitis B Core Antigen and 
Hepatitis B Core Antibody 


Hepatitis B core antigen (HBcAg) cannot be detected in serum, 
but the antibody against it can. During acute infection, anti-HBc 
is predominantly of IgM class. IgM anti-HBc is an indicator of 
acute HBV infection and may be the only marker during the 
window period (gap between the disappearance of HBsAg and the 
appearance of anti-HBs). It usually appears within 1 month of 
HBsAg detection and typically lasts for between 4 and 12 months. 
As acute infection recovers, IgM anti-HBc titers decrease and IgG 
anti-HBc titers increase. IgM anti-HBc can persist at low titers in 
patients with chronic HBV infection and these titers can increase 
during exacerbations of chronic hepatitis B.*% IgG anti-HBc is 
present along with anti-HBs in persons who have recovered from 
HBV infection and in association with HBsAg in those who are 
chronically infected. Anti-HBc may be present in isolation many 
years after recovery from acute hepatitis B when the anti-HBs titer 
has fallen to undetectable levels or in longstanding chronic HBV 
infection when HBsAg titers have decreased below the level of 
detection. In persons at high risk for HBV infection or in those 
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from endemic countries, the presence of isolated anti-HBc is most 
often an indicator of low-level (or occult) HBV infection. Persons 
with isolated anti-HBc may experience HBV reactivation when 
immunosuppressed. 


Hepatitis B e Antigen and 
Hepatitis B e Antibody 


Hepatitis B e antigen (HBeAg) is a secretory protein processed 
from the precore protein. It is a marker of HBV replication and 
infectivity. Its presence is usually associated with high levels of 
HBV DNA. During acute HBV infection, HBeAg appears shortly 
after the appearance of HBsAg. In persons who recover from HBV 
infection, HBeAg to hepatitis B e antibody (anti-HBe) serocon- 
version precedes that of HBsAg to anti-HBs seroconversion. Anti- 
HBe may persist for many years after the resolution of acute HBV 
infection. In persons with chronic infection, HBeAg may persist 
for years to decades. Seroconversion from HBeAg to anti-HBe is 
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usually associated with a marked decrease in serum HBV DNA 
levels and remission of liver disease, but some patients with anti- 
HBe continue to have high serum HBV DNA levels and associ- 
ated active liver disease. The latter patients often have precore or 
core promoter HBV variants that prevent or decrease the produc- 
tion of HBeAg.” 


Hepatitis B Virus DNA 


Hepatitis B virus DNA in serum is a marker of viremia and 
infectivity. Currently available polymerase chain reaction (PCR) 
assays are highly sensitive with detection limits of less than 20 IU/ 
mL and a range of linearity up to between 8 logio IU/mL and 
9 logio IU/mL. Using these sensitive assays, HBV DNA can be 
detected up to 2 to 3 weeks prior to the appearance of HBsAg 
in acute infection. Recovery from acute infection is accompanied 
by a rapid decrease in serum HBV DNA, but HBV DNA may 
remain detectable for many years after HBsAg seroconversion.” 
HBV DNA levels fluctuate over the course of chronic HBV infec- 
tion, and thus a single result may not accurately reflect the HBV 
replicative status of an individual. Measuring HBV DNA levels in 
serum can help determine the phase of chronic infection, guide 
treatment decisions, monitor response to treatment, and predict 
risk of clinical outcomes. HBV DNA testing may identify the 
cause of liver disease in patients with negative HBsAg, particu- 
larly those with acute liver failure and hepatitis of unknown cause. 


Hepatitis B Virus Genotyping 


Hepatitis B virus is classified into 10 genotypes (A-J) with the 
prevalence of each varying geographically. HBV genotypes can 
be further subdivided into subgenotypes. HBV infection can also 
be classified into serotypes (adr, adw, ayr, ayw). Data regarding 
the clinical significance of HBV genotypes are mostly derived 
from studies based in Asian countries where genotypes B and 
C predominate. These studies showed that genotype C is asso- 
ciated with delayed HBeAg seroconversion and higher risk of 
HCC.“ HBV genotype is associated with response to interferon 
treatment with genotype A having a higher rate of HBeAg and 
HBsAg loss. However, there is no association between HBV geno- 
type and response to nucleos/tide analogs.“* Testing for HBV 
genotype is not necessary in routine clinical practice except for 
HBeAg-positive patients who are potential candidates for inter- 
feron therapy. The presence of genotype A may encourage a trial 
of interferon in that instance. 


Liver Biopsy and Noninvasive 
Assessment of Liver Fibrosis 


Liver biopsy is not necessary for the diagnosis of HBV infection. 
Liver biopsy is performed most often in patients with chronic 
HBV infection who are in the gray zone (HBV DNA levels 2000- 
20,000 IU/mL and alanine aminotransferase [ALT] 1-2 times 
normal) to determine if treatment is indicated. Various noninva- 
sive methods have been validated in assessment of liver fibrosis. 
These methods include laboratory tests and elastography. The 
summary values of sensitivity and specificity of each of these tests 
to detect either advanced fibrosis (F2) or cirrhosis is detailed in 
Table 32-3. 

Laboratory methods include indices based on routinely avail- 
able tests such as the aspartate aminotransferase (AST) to plate- 
let ratio index (APRI), and fibrosis-4 score (FIB-4), and indices 
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that include additional tests that measure fibrogenesis and col- 
lagen turnover such as Fibrotest (AP-HP [Assistance Publique- 
Hopitaux de Paris], Paris), and the Hepascore (Quest Diagnostics, 
Madison, NJ). Elastography is an imaging technique that assesses 
tissue deformation or elastic properties of soft tissue after applying 
a force. Vibration-controlled transient elastography (Fibroscan 
[EchoSens, Paris]) is the most common method used in clinical 
practice. It is a quantitative one-dimensional ultrasound technique 
that uses vibration to create a shear wave through tissue and assesses 
the motion distortion to yield a stiffness assessment.“ Acoustic 
radiation force impulse imaging (ARFI) is another modality that 
uses acoustic radiation force from an ultrasound beam to create a 
two-dimensional map of tissue stiffness by assessing the amount 
of tissue displaced.*° Magnetic resonance elastography (MRE) in 
contrast results in a quantitative three-dimensional map of tissue 
stiffness generated by using a mechanical vibrator to measure the 
velocity of shear waves.“° 

Whereas these noninvasive tests can serve as a helpful adjunct 
to assess fibrosis stage, they are limited by other contributing 
processes that can affect the components of the tests, e.g., high 
AST and ALT during hepatitis flares result in high APRI and 
falsely high fibrosis stage. Similarly, liver stiffness can be increased 
by inflammation, and liver elastography and fibrosis stage assessed 
by Fibroscan can be falsely high in patients with high levels of 
ALT.” Furthermore, indication for HBV treatment depends not 
only on stage of liver fibrosis but also on degree of inflammation 
and viral load. Finally, it should be recognized that liver histology 
can improve markedly with decrease in inflammation and fibrosis 
and even reversal of cirrhosis in patients who have persistent sup- 
pression of HBV replication in response to antiviral therapy or 
spontaneous HBeAg seroconversion. However, liver histology can 
worsen rapidly during exacerbations of hepatitis B. 


Natural History 


Acute Infection 


Clinical Manifestations 

The incubation period of acute HBV infection lasts from 1 to 4 
months, though this period may be shorter in patients who have 
been exposed to a large inoculum. During the prodromal period, 
a serum sickness—like syndrome manifesting as fever, skin rash, 
and arthralgia may develop. This is followed by the onset of con- 
stitutional symptoms including malaise, anorexia, nausea, vomit- 
ing, low-grade fever, myalgia, and fatigue. Some patients may 
experience mild to moderate right upper quadrant or epigastric 
pain.“ Approximately 70% of patients have subclinical or anic- 
teric hepatitis and only 30% have icteric hepatitis.“” Less than 1% 
of patients with acute hepatitis B develop acute liver failure.” 
Symptomatic hepatitis is rare in neonates and it occurs in approxi- 
mately 10% of children less than 4 years old and in approximately 
30% of adults. The most common findings on physical examina- 
tion include low-grade fever, jaundice, and soft, mildly tender 
hepatomegaly. Splenomegaly may be found in approximately 5% 
to 15% of patients. Clinical symptoms and jaundice usually disap- 
pear after 1 to 3 months, but some patients may have persistent 
fatigue even after the ALT levels have returned to normal.“ 


Laboratory Findings 


Patients with acute hepatitis B test positive for HBsAg and anti- 
HBc IgM. During the early phase, HBeAg and HBV DNA will 
also be present. Patients who present late in the course of illness 
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Noninvasive Methods to Assess Liver Fibrosis 


APRI'*? AST, Platelets Low cutoff* Low cutoff* Low cutoff* Low cutoff* 
78 (71-84) 60 (50-69) 65 (55-73) 75 (70-80) 
High cutoff* High cutoff* High cutoff* High cutoff* 
36 (28-45) 92 (90-95) 35 (22-49) 89 (81-94) 
FIB-4'*° Age, AST, ALT, Platelets Low cutoff" Low cutoff" Low cutoff" Low cutoff’ 
63 (50-71) 56 (14-80) 87 (79-92) 65 (51-73) 
High cutoff" High cutoff" High cutoff" High cutoff" 
17 (NA) 98(NA) 64 (38-77) 85 (75-98) 
Fibrotest*'“? GGT, haptoglobin, bilirubin, A1 apolipoprotein, 68 (59-76) 84 (75-90) 88 (78-94) 73 (66-79) 
alpha2-macroglobulin 
Hepascore®'“ Age, sex, bilirubin, GGT, alpha2- 42 (NA) 84 (NA) 56 (NA) 92 (NA) 
macroglobulin, hyaluronic acid 
Fibroscan' ‘“? Transient elastography 76 (71-80) 82 (75-87) 86 (81-90) 87 (83-90) 


For each test, a result cutoff is determined to optimize sensitivity and specificity. These cutoffs are detailed below for each noninvasive test. 
*APRI: advanced fibrosis low cutoff 0.5 and high cutoff 1.5; cirrhosis low cutoff 1.0 and high cutoff 2.0. 
'FIB-4: advanced fibrosis low cutoff 1.45 and high cutoff 3.25; cirrhosis low cutoff 0.84-1.05 and high cutoff 1.625-2.65. 


*Fibrotest: advanced fibrosis 0.58-0.75; cirrhosis 0.32-0.48. 
SHepascore: advanced fibrosis 0.5; cirrhosis 0.84. 
Fibroscan: advanced fibrosis:7-8.5 kPa; cirrhosis >11-14 kPa. 


ALT, Alanine aminotransferase; APRI, AST to platelet ratio index; AST, aspartate aminotransferase; FIB-4, fibrosis-4 score; GGT, y-glutamyl transpeptidase. 


may have seroconverted from HBeAg to anti-HBe with undetect- 
able HBV DNA and in some instances may have become HBsAg 
negative but will remain anti-HBc IgM positive. Laboratory tests 
reveal marked elevation in AST and ALT (typically >1000 U/L) 
with ALT usually higher than AST. The peak level of AST and 
ALT reflect the degree of hepatocellular injury, but these levels are 
not correlated with prognosis. Bilirubin levels may or may not be 
increased. In patients with icteric hepatitis, changes in bilirubin 
levels usually lag behind changes in ALT levels. Elevated interna- 
tional normalized ratio (INR) is the best prognostic indicator. In 
patients who recover from acute infection, ALT levels usually 
normalize after 1 to 4 months. Elevated ALT levels lasting more 
than 6 months suggest chronic infection. Recovery from acute 
HBV infection is signified by loss of HBsAg and detection of 
anti-HBs. 


Outcomes and Predictors 

Age at the time of infection and immune status of the host are 
the most important factors determining progression from acute 
to chronic HBV infection. Chronic infection develops in less than 
5% of immunocompetent adults but in up to 95% of those 
infected during infancy.'’*’' Among patients who recover from 
acute infection, HBV DNA can be detected in the liver and 
sometimes also in the serum many years afterwards despite the 
presence of anti-HBs and HBV-specific cytotoxic T cells, suggest- 
ing that complete eradication of HBV rarely occurs after acute 
infection.’ This explains why reactivation of HBV replication 
with reappearance of HBsAg can occur in persons with serologic 
recovery of HBV infection receiving immunosuppressive therapy. 


Less than 1% of patients with acute hepatitis B develop fulmi- 
nant hepatitis B. This is thought to be a result of an overly rigorous 
immune response leading to massive necrosis of hepatocytes and 
often low or even undetectable HBV DNA at the time of presen- 
tation. Acute liver failure due to HBV has declined in the last 
decade, but HBV remains the most common viral cause of acute 
liver failure.” Differentiation between fulminant acute hepatitis 
B and severe exacerbation of chronic hepatitis B can be difficult 
in persons not previously known to have chronic HBV infection. 
The spontaneous survival rate from fulminant hepatitis B is 
approximately 20% without liver transplantation, and the 5-year 
posttransplant survival is estimated to be around 85%.” 


Chronic Infection 


Clinical Manifestations 

In areas of low or intermediate prevalence, approximately 30% to 
50% of cases of chronic HBV infection are preceded by a history 
of acute hepatitis. A history of acute or symptomatic hepatitis is 
lacking in the vast majority of chronic hepatitis B patients in high- 
prevalence areas where perinatal infection is the predominant 
mode of transmission. Most patients with chronic HBV infection 
are asymptomatic until they have advanced cirrhosis. Occasion- 
ally, nonspecific symptoms, such as fatigue or mild right upper 
quadrant or epigastric pain, may be present. Physical examination 
may be unrevealing even in patients with compensated cirrhosis. 
Patients with chronic HBV infection may experience spontaneous 
acute exacerbations that may mimic acute hepatitis and, in rare 
instances, progress to hepatic decompensation and death. 


CHAPTER 32 


Extrahepatic Manifestations 


Extrahepatic manifestations occur in approximately 1% to 10% 
of patients with chronic HBV infection and may occur without 
clinically apparent liver disease.’ They are believed to be mediated 
by circulating immune complexes, particularly in settings of high 
levels of HBV replication. Approximately 10% to 50% of patients 
with polyarteritis nodosa are found to be HBsAg positive.”*”” 

Circulating immune complexes containing HBV antigens and 
antibodies are believed to trigger injury of large, medium, and 
small blood vessels. Vasculitis may affect multiple organs, includ- 
ing cardiovascular, renal, gastrointestinal, musculoskeletal, neuro- 
logic, and dermatologic systems. The clinical course is highly 
variable. There is no apparent relationship between the severity of 
vasculitis and the severity of liver disease. Despite combination 
treatment with corticosteroids, immunosuppressive drugs, and 
plasma exchange, the mortality is high: 20% to 45% in 5 years. 
Recent studies suggest a role for interferon therapy and nucleos/ 
tide analogs alone or in combination with plasma exchange.” 

Hepatitis B virus—related glomerulonephritis (GN) is rare and 
most often found in children. Multiple forms of GN have been 
reported, including membranous, membranoproliferative, focal 
proliferative, minimal change disease, and IgA nephropathy. 
Nephrotic syndrome is the most common presentation. The diag- 
nosis of HBV-related GN is usually established by serologic evi- 
dence of chronic HBV infection, the presence of glomerulonephritis 
on renal biopsy, and the demonstration of immune complexes of 
hepatitis B surface, core, and/or e antigens in the glomerular base- 
ment membrane and mesangium by immunohistochemistry. 
Liver disease tends to be mild in patients who have HBV-related 
GN. Approximately 30% to 60% of children with HBV-related 
membranous GN undergo spontaneous remission which is usually 
associated with HBeAg seroconversion.” Corticosteroids are inef- 
fective and may potentiate HBV replication. Interferon has been 
reported to induce remission of HBV-related renal disease in small 
clinical trials, but the response is less robust in Asians and in 
adults.“ In the past 10 years there has been a decline in HBV- 
related polyarteritis nodosa and GN due to the overall decline in 
incidence of HBV infection and the widespread use of antiviral 
therapy.” 


Laboratory Findings 

Patients with chronic HBV infection test positive for HBsAg and 
IgG anti-HBc. During the early phases of chronic HBV infection, 
HBeAg and high levels of HBV DNA will also be present. Ami- 
notransferase levels can be normal or elevated. During acute exac- 
erbations, ALT levels may reach up to 1000 U/L and may be 
accompanied by an increase in bilirubin level and clinical symp- 
toms of acute hepatitis (Fig. 32-5). IgM anti-HBc titers are 
increased during exacerbations mimicking acute hepatitis B. 
a-Fetoprotein (AFP) levels may increase up to 1000 ng/mL 
during exacerbations and tend to parallel ALT levels. Patients 
with thrombocytopenia should be evaluated for underlying 
cirrhosis. 


Phases of Chronic Infection 


The natural course of chronic HBV infection is characterized by 
fluctuations in the level of HBV replication and activity of liver 
disease. The clinical course of chronic HBV infection is generally 
categorized into four phases (see Fig. 32-5): immune-tolerant, 
immune-clearance (HBeAg-positive chronic hepatitis or classical 
chronic hepatitis B), low or nonreplicative (inactive carrier stage), 
and reactivation (HBeAg-negative chronic hepatitis) phases. 
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e Fig. 32-5 Outcomes of chronic HBV infection. Estimated annual rates 
(%) of progression through different clinical states during the course of 
chronic HBV infection. (Adapted from Yim HJ and Lok AS. Natural history 
of chronic hepatitis B virus infection: what we knew in 1981 and what we 
know in 2005. Hepatology 2006;43:S173-A181'; and Fattovich et al. 
Hepatocellular carcinoma in cirrhosis: incidence and risk factors. Gastro- 
enterology 2004;127 (Suppl 1):S35-S50. '*°) 


Patients may progress from one phase to the next, though not 
every patient goes through each phase and reversion to a previous 
phase can occur. 


Immune-Tolerant Phase 


This phase is characterized by presence of HBeAg, high serum 
HBV DNA levels (10°-10'? IU/mL) and normal ALT levels. 
Patients are typically asymptomatic, young Asians who acquired 
HBV infection during the perinatal or early childhood period. 
Previous studies showed that patients in this phase have no or 
weak immune responses to HBV.“ The concept of immune toler- 
ance has been challenged based on recent findings that immune 
response to HBV during this phase, though weak, is not sub- 
stantially different to that during immune-active phases. These 
studies showed that the difference between immune-tolerant 
and immune-active phases lies in the intensity of inflammatory 
response and not immunologic response.” These findings may 
change the paradigm of treatment options for patients in the 
immune-tolerant phase. 

The immune-tolerant phase usually lasts between 10 years 
and 30 years, during which there is a very low rate of spontane- 
ous HBeAg seroconversion (2% during the first 3 years and only 
15% after 20 years of infection). Among those with perinatal 
infection, HBeAg is positive in 90% of children below the age 
of 5 years and in 80% of teenagers.°* Many women of repro- 
ductive age in high-prevalence countries are therefore HBeAg 
positive with high viral load resulting in high rates of perinatal 
transmission. 

Most patients in the immune-tolerant phase have minimal 
liver injury on liver biopsies and prognosis is favorable during 
short-term follow-up, particularly in patients who undergo spon- 
taneous HBeAg seroconversion before age 40.” One study in 
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Taiwan found the rate of progression to cirrhosis was less than 
4% in patients who underwent HBeAg seroconversion before 
age 40 and 28% in those who did so after age 40.” Another 
study from Taiwan found that only 5% of patients progressed 
to cirrhosis and none developed HCC after a mean follow-up of 
10.5 years.” 


Immune Clearance Phase (HBeAg-Positive 
Chronic Hepatitis) 


In patients with perinatally acquired HBV infection, transition 
from the immune-tolerant to the immune-clearance phase usually 
occurs during the 2™ to 4" decades of life. The mechanism causing 
the transition to the immune-clearance phase is not completely 
understood. The majority of patients with childhood or adult- 
acquired HBV infection are already in the immune-clearance 
phase at presentation. The immune-clearance phase is character- 
ized by the presence of HBeAg, high or fluctuating serum HBV 
DNA levels, persistent or intermittent elevations in ALT, and 
active inflammation on liver biopsy. Flares of ALT are often pre- 
ceded by an increase in serum HBV DNA level.” The elevation 
in ALT is thought to be secondary to immune-mediated lysis of 
infected hepatocytes and a change in the distribution of HBcAg 
from nuclear to cytoplasmic localizations in the hepatocytes.” 
Occasionally, IgM anti-HBc and AFP levels can be increased to 
very high levels leading to misdiagnosis of acute hepatitis B and 
concerns for HCC." Most exacerbations are asymptomatic but 
some are accompanied by symptoms of acute hepatitis. In a 
minority of patients (2.5%), particularly those with underlying 
cirrhosis, exacerbations may result in hepatic decompensation 
and, rarely, death from hepatic failure.” In general, exacerbations 
tend to be more common in men than women and may account 
for the higher incidence of HBV-related cirrhosis and HCC 
among men.” 

The overall duration of the immune-clearance phase varies 
from a few months to a few decades. An important outcome of the 
immune-clearance phase is HBeAg seroconversion. HBeAg sero- 
conversion is frequently but not always accompanied by an ALT 
flare. During the immune-clearance phase, the rate of spontane- 
ous HBeAg seroconversion increases to between 10% and 20% 
per year.°”°* A study of patients with HBV infection acquired 
as an adult demonstrated a seroconversion rate of 70% over 10 
years of follow-up.” Factors associated with HBeAg seroconver- 
sion include older age, higher ALT, ethnicity, and HBV genotype 
(B>C).°””*”? High ALT levels are believed to be a reflection of a 
vigorous host immune response, accounting for its strong cor- 
relation with spontaneous, as well as treatment-related, HBeAg 
seroconversion. Earlier seroconversion has been associated with 
better overall prognosis. A study of 483 patients who had no 
evidence of cirrhosis or HCC at the time of HBeAg seroconver- 
sion found that the 15-year cumulative risk of HBeAg-negative 
hepatitis, cirrhosis, and HCC was 31.2%, 3.7%, and 2.1% for 
those who seroconverted before the age of 30 years and 66.7%, 
42.9%, and 7.7%, respectively, for those who seroconverted after 
the age of 40.°° 


Inactive Carrier Phase 

In patients with successful immune clearance, HBeAg seroconver- 
sion occurs, HBV DNA is suppressed to low or undetectable levels, 
and serum ALT levels normalize. Histologic necroinflammation is 
reduced and fibrosis may regress. These patients are considered to 
be in the inactive carrier phase; however, due to the fluctuating 
course of chronic HBV infection, distinguishing patients in the 


inactive carrier phase and those with HBeAg-negative chronic 
hepatitis B infection can be difficult. Patients should only be 
categorized as being in the inactive carrier phase based on the 
presence of at least three normal ALT levels and two to three HBV 
DNA levels of less than 2000 IU/mL over a 12-month observa- 
tion period. Recent studies suggest that quantification of HBsAg 
level can help in distinguishing between inactive carrier phase and 
HBeAg-negative chronic hepatitis, particularly if HBV DNA and 
ALT results are only available at a single time point.*' An HBsAg 
level of less than 1000 IU/mL in a patient with HBV DNA level 
less than 2000 IU/mL and normal ALT increase the likelihood 
that the patient is truly in the inactive carrier phase. 

The inactive carrier phase may persist indefinitely. Patients who 
stay in this phase have a favorable prognosis, particularly if they 
had minimal liver injury during the preceding immune-clearance 
phase. This is supported by the finding of comparable survival 
between HBsAg-positive blood donors (almost all were HBeAg 
negative and had normal ALT at baseline) and uninfected controls 
over a 30-year period.** However, some patients will revert back 
to HBeAg positivity and others will progress to HBeAg-negative 
chronic hepatitis. Differentiating whether an HBeAg-negative 
patient is an inactive carrier or a patient with fluctuating course 
of HBeAg-negative chronic hepatitis is important because the 
prognosis is different. In a study of 4376 HBeAg-negative patients 
who had ALT less than twice the upper limit of normal (ULN) 
followed for a median of 13.4 years, liver-related mortality 
occurred in 0, 0.3, and 1.3% of patients with ALT levels persis- 
tently less than 1x, 1x to 2x, and greater than 2x ULN, respec- 
tively.” However, inactive carriers are still at risk of HCC. A study 
of 20,069 subjects in Taiwan, including 1932 inactive HBsAg 
carriers followed for a mean of 13.1 years, found that the annual 
incidence of HCC and liver-related death was 0.06% and 0.04%, 
respectively, among the inactive carriers compared to 0.02% and 
0.02% among the HBsAg-negative controls. 


Reactivation Phase (HBeAg-Negative Chronic Hepatitis) 
Approximately 20% to 30% of patients who remain HBeAg 
negative will continue to have moderate levels of HBV replication 
(HBV DNA levels as high as 10°-10? IU/mL) and active liver 
disease manifested as intermittently elevated ALT and inflamma- 
tion on liver biopsy.” These patients have residual wild-type 
HBV or HBV variants (precore and/or core promoter) that abolish 
or downregulate HBeAg production.” The hallmark of this 
phase is its fluctuating course. One study of 217 HBeAg-negative 
patients found ALT flares in 4.3% per year with a cumulative 5- 
and 10-year probability of 11% and 47%.” Males, patients older 
than age 30, higher HBV DNA levels, and presence of precore 
variant were associated with increased risk for ALT flares.’°** 
Whereas most patients reach this phase after a variable dura- 
tion in the inactive carrier state, some progress directly from 
HBeAg-positive chronic hepatitis to HBeAg-negative chronic 
hepatitis. Patients in the HBeAg-negative chronic hepatitis phase 
are older and have more advanced liver disease because this rep- 
resents a later stage in the course of chronic HBV infection. 
Patients who have fluctuating HBeAg status tend to have a higher 
tisk of cirrhosis and its related complications.” In one study of 
283 Chinese patients followed for a median of 8.6 years after 
spontaneous HBeAg seroconversion, 67% had sustained remis- 
sion, 4% had HBeAg reversion, and 24% had HBeAg-negative 
chronic hepatitis. Cirrhosis developed in 8% and HCC in 2%, the 
risk being higher in those who had active hepatitis after HBeAg 
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seroconversion. á 


CHAPTER 32 


Spontaneous HBsAg Clearance 


After successful HBeAg seroconversion, some patients go on to 
HBsAg seroclearance. HBsAg clearance is generally accompanied 
by undetectable serum HBV DNA, normalization of ALT, and 
improved liver histology. However, low levels of HBV DNA may 
be detectable in some patients, more so in the liver than serum.” 
Most persons with detectable HBV DNA have wild-type virus. 
Rarely, HBV variants are found with pre-S1 deletions which have 
been associated with reductions in HBsAg synthesis. Also rarely 
found are HBV variants that alter the S antigen epitope leading 
to false-negative results in HBsAg assays.” The annual rate of 
HBsAg seroclearance reported varies from 0.1% to 2% based on 
the age of patients, HBV DNA level, and duration of infec- 
tion.”””’ The cumulative probability of HBsAg clearance increases 
over time. A study from Taiwan reported a probability of HBsAg 
clearance of 8% at 10 years increasing to 45% after 25 years.” 
Another study in predominantly HBeAg-negative patients with 
undetectable HBV DNA reported a cumulative HBsAg clearance 
rate of 26% and 51% at 5 and 8 years, respectively.” 

HBsAg seroclearance is associated with a good long-term prog- 
nosis.” The risk of progression to cirrhosis and cirrhosis com- 
plications is low in the absence of other causes of liver injury or 
coinfection with HCV or hepatitis D virus (HDV), but the risk 
of HCC persists particularly in those who have progressed to cir- 
rhosis or are older than 50 years at the time of HBsAg clearance.” 
A follow-up study of 2946 HBsAg-positive, anti-HCV-negative 
persons with no cirrhosis found that the hazard ratio (95% CI) 
of developing HCC after seroclearance of HBeAg, HBV DNA, 
and HBsAg during follow up was 0.63 (0.38-1.05), 0.24 (0.11- 
0.57) and 0.18 (0.09-0.38), respectively, after adjustment for age, 
gender, and ALT level at study entry.” 


Latent/Occult HBV Infection 

Occult HBV infection is defined as the detection of HBV DNA 
in the absence of HBsAg in serum.” HBV DNA is detected in 
the liver in most cases, but HBV DNA is undetectable or present 
at low concentrations in the serum. The prevalence of occult 
HBV infection is higher in countries that are endemic for HBV, 
in individuals with serologic markers of previous HBV infection 
(presence of anti-HBc), and in those with HIV or HCV infec- 
tion. Occult HBV infection is also more common among patients 
with cirrhosis or HCC.” Many of these patients probably 
had chronic HBV infection for decades, leading to liver damage, 
but HBsAg is no longer detectable when cirrhosis or HCC is 
diagnosed. 


Clinical Outcomes and Mediating Factors 


Liver Cirrhosis and Decompensated Cirrhosis 

The estimated 5-year progression rate from chronic hepatitis to 
cirrhosis is between 12% and 20%.'°' The annual rate of progres- 
sion from chronic hepatitis to cirrhosis has been estimated to 
be 2% to 5% for HBeAg-positive and 3% to 10% for HBeAg- 
negative patients." The higher rate in HBeAg-negative patients 
is related to older age and more advanced liver disease at pre- 
sentation. Factors that have been reported to be associated with 
an increased rate of progression to cirrhosis include: host (older 
age, male, obesity), virus (persistent high levels of HBV repli- 
cation, HBV genotype C > B), coinfection with other viruses 
(HCV, HDV, and HIV), and environmental factors (alcohol) 
(Table 32-4).'°"' The estimated 5-year progression rate from 
compensated to decompensated cirrhosis is 20% to 23%.'°' The 
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WAJE Factors Associated With Increased Risk of 
Peas Cirrhosis and Hepatocellular Carcinoma 


Persistently high HBV DNA level Male gender Heavy alcohol use 
Persistent presence of HBeAg Older age Tobacco use* 
High HBsAg levels Asian race* Aflatoxin* 
HBV genotype C>B Family history* 
Core promoter mutations* Cirrhosis* 
Coinfection with HIV, HCV, HDV Obesity 

Diabetes* 


*Risk factors specific for HCC. 
HCV, Hepatitis C virus; HDV, hepatitis D virus; HIV human immunodeficiency virus. 


Prediction Models for Developing 
Hepatocellular Carcinoma 


REACH-B'"! Age, gender, HBV DNA level, ALT, HBeAg 
REACH B II'? Age, gender, HBV DNA level, ALT, HBeAg, HBV 
genotype, HBsAg level, family history of HCC 
CUHK'"? Age, HBV DNA level, cirrhosis, albumin, bilirubin 
GAG-HCC' Age, gender, HBV DNA level, core promoter 


mutations, cirrhosis 


CUHK, Chinese University of Hong Kong; GAG-HCC, Guide with Age, Gender, HBV DNA, Core 
promoter mutations and Cirrhosis; REACH-B, Risk Estimation for hepatocellular carcinoma 
in Chronic Hepaitis B. 


annual rate of progression from compensated cirrhosis to hepatic 
decompensation has been estimated to be 3% to 5%."°' Among 
untreated patients, survival after the development of compen- 
sated cirrhosis is favorable initially (85% at 5 years) but decreases 
dramatically after the onset of decompensation to between 55% 
and 70% at 1 year and 14% to 35% at 5 years.'°'!°*'® Rates of 
progression and survival have markedly improved in the era of 
nucleos/tide analogs, even among patients who have decompen- 
sated cirrhosis. 


Hepatocellular Carcinoma 

The annual rate of HCC development has been estimated to be 
between 0.5% and 1.0% for noncirrhotic carriers and between 
2% and 3% for patients with cirrhosis. It is important to note 
that although HCC is more common among patients with cir- 
thosis, 30% to 50% of HCC associated with HBV occurs in the 
absence of cirrhosis. HBV carriers have more than a 100-fold 
increase in the risk of HCC. The estimated 5-year rate of pro- 
gression from compensated cirrhosis to HCC is 6% to 15%.'"! 
Host, viral and environmental factors play a role in HCC devel- 
opment (see Table 32-4).10110>106107 In addition to factors asso- 
ciated with cirrhosis development, race, diabetes, obesity, core 
promoter variants, smoking, and aflatoxin have been reported to 
be associated with HCC development. Several prediction models 
have been developed to assess risk for HCC (Table 32-5).’°°1” 
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These models were derived from data in Asian patients most 
of whom acquired HBV infection perinatally and were infected 
with HBV genotypes B or C. Whether these models apply to 
patients who acquired HBV infection in adult life or were infected 
with other HBV genotypes is unclear. Antiviral therapy has been 
shown to reduce but not eliminate the risk of HCC and the 
accuracy of these models in predicting HCC in patients who 
are on maintenance nucleos/tide analog therapy remains to be 
validated.” 


Special Groups With Altered Natural History 

Coinfection With Other Viruses 

Owing to shared modes of transmission, coinfection of HBV and 
other parenterally transmitted viruses is commonly observed. In 
high-prevalence areas, coinfection with HCV is observed in 10% 
to 20% of chronic hepatitis B patients." Overall, coinfection 
with HCV is associated with increased morbidity and mortality 
with an estimated twofold to threefold increase in mortality com- 
pared to monoinfected patients.''®''” Although coinfection with 
HCV increases disease activity and fibrosis progression, it is gener- 
ally observed that the replicative levels of the two viruses have an 
inverse relationship. In chronic hepatitis B patients, superimposed 
acute hepatitis C results in a drop in HBV DNA level and an 
increase in the rate of HBsAg seroconversion.''*''” Similarly, acute 
hepatitis B in patients with chronic HCV infection also results in 
a drop in HCV RNA level. During chronic HBV and HCV 
coinfection, HCV is usually the dominant virus, with HBV rela- 
tively suppressed. After successful eradication of chronic HCV 
infection, HBV replication may increase.'”’ 

The hepatitis delta virus (HDV) is a subviral agent whose life 
cycle is dependent on HBV. Acute HBV and HDV coinfection 
tends to cause a more severe presentation and increases the risk 
for fulminant hepatitis.’ HDV superinfection in patients with 
chronic HBV is usually accompanied by suppression of HBV 
replication but accelerated progression to cirrhosis and increased 
tisk of HCC." 

Patients with HIV infection also have a high prevalence of 
HBV infection, varying from between 6% and 10% of patients 
in the Western world to between 10% and 25% of patients in 
countries where HBV is endemic. Patients who are coinfected 
with HBV and HIV tend to have higher serum HBV DNA levels, 
lower ALT levels, positive HBeAg, and lower rates of spontaneous, 
as well as treatment-related, HBeAg seroconversion.'””'” This 
translates into more rapid disease progression and adverse out- 
comes. Several studies have shown that patients coinfected with 
HIV and HBV have an increased risk of liver-related mortality 
compared to those with HIV or HBV monoinfection: 14.2 per 
1000 person-years in HBV-HIV coinfected cases compared with 
1.7 per 1000 in those infected with HIV alone and 0.8 per 1000 
in those infected with HBV alone.'”” Immune suppression associ- 
ated with HIV infection may lead to reactivation of HBV replica- 
tion and acceleration of liver disease progression.” On the 
other hand, flares of hepatitis B and deaths due to liver failure 
have also been reported in patients receiving highly active antiret- 
roviral therapy. The exacerbations are related to immune recon- 
stitution with subsequent immune-mediated injury directed 
against infected hepatocytes.'”” Flares can also occur as a result of 
HBV viral relapse when the antiretroviral therapy regimen is 
changed and drugs with HBV antiviral activity are discontinued. 
Overall liver-related mortality rates are higher in patients with 
HBV coinfection on antiretroviral therapy.'*?'”’ 


Immunosuppressed Patients 

Hepatitis B virus reactivation can occur in patients with serologic 
evidence of chronic or past HBV infection (HBsAg positive or 
HBsAg negative, anti-HBc positive) receiving immunosuppressive 
or anticancer therapy and may result in hepatic decompensation 
and death.'*”!*’ The risk of reactivation is associated with the 
intensity of immunosuppression and the viral characteristics of 
the patient (higher in HBsAg-positive than HBsAg-negative, anti- 
HBc-positive patients, and in those with high HBV DNA > 10‘ 
IU/mL). Anti-CD20 therapy and myeloablative therapies associ- 
ated with hematopoietic stem cell transplantation have the highest 
risk for reactivation.'** HBV reactivation can be precipitated by a 
wide range of medications, including corticosteroids, antirejection 
therapies for solid organ transplantation, and biologics such as 
anti-tumor necrosis factor, and the list keeps growing. HBV reac- 
tivation is characterized by a rise in HBV DNA level or detection 
of HBV DNA in a patient with undetectable HBV DNA previ- 
ously or HBsAg reverse seroconversion (from HBsAg negative to 
HBsAg positive). The majority of patients are asymptomatic, but 
some will have a flare in ALT and possible clinical symptoms 
including jaundice (up to 20%), hepatic decompensation (4%), 
and death (4%).'*'*° HBV screening and prophylactic antiviral 
therapy prior to the start of immunosuppressive therapy has been 
shown to reduce the incidence of HBV reactivation and associated 
hepatitis flares.” 

Patients with chronic renal failure on hemodialysis have an 
increased risk of HBV infection. Dialysis patients are usually 
HBeAg positive and serum HBV DNA positive but have no 
symptoms, normal ALT levels, and minimal liver damage on liver 
biopsies.” The clinical course following renal transplantation 
differs with more frequent exacerbations of chronic hepatitis, rapid 
progression to cirrhosis, and an increased risk of HCC and death 
from liver failure.'**'* Prophylactic antiviral therapy has been 
shown to prevent HBV reactivation and to improve clinical out- 
comes of renal transplant recipients.'“°'“! The American Society 
of Transplantation and the American Society of Transplant Sur- 
geons Clinical Practice Guidelines for the care of renal transplant 
recipients recommend that all HBsAg-positive renal transplant 
recipients receive antiviral prophylaxis and that HBsAg-negative 
patients with an anti-HBs titer of less than 10 IU/L receive a 
booster dose of HBV vaccine. 


Conclusion 


HBV infection remains a significant public health problem despite 
the availability of sensitive and specific diagnostic testing and 
public health initiatives to screen and vaccinate at-risk popula- 
tions. The epidemiology of HBV infection continues to evolve in 
the setting of migration of individuals from high-prevalence areas. 
The natural history of chronic HBV infection is variable and many 
models have been proposed to predict outcomes of chronic HBV 
infection. These models, if validated, will guide the selection of 
patients for antiviral treatment and determine the frequency and 
intensity of monitoring. Despite the availability of safe and effec- 
tive vaccines, the global burden of HBV infection remains high 
and continued efforts to screen at-risk individuals, implement 
universal vaccination of newborns, and link those infected to care 
will be critical to achieve the eventual goal of HBV elimination. 
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ABBREVIATIONS 


ALT alanine aminotransferase 

anti-HBc hepatitis B core antibody 

anti-HBe hepatitis B e antibody 

anti-HBs hepatitis B surface antibody 

Cas9 clustered regularly interspaced short palindromic 
repeats—associated 9 

CHB chronic hepatitis B 

CRISPR clustered regularly interspaced short palindromic 
repeats 

HBeAg hepatitis B e antigen 

HBsAg hepatitis B surface antigen 

HBV hepatitis B virus 

HCC hepatocellular carcinoma 

HIV human immunodeficiency virus 

IFN interferon 

NUC nucleoside/nucleotide analog 

PEG-IFN pegylated interferon 

TDF tenofovir disoproxil fumarate 


Introduction 


Hepatitis B virus (HBV) infection is a major public health 
problem. Approximately 350 million people are long-term carriers 
of HBV, and every year 0.5 million to 1.2 million people die of 
the long-term sequelae of chronic liver disease, such as liver cir- 
thosis and hepatocellular carcinoma (HCC).' 

A hepatitis B vaccine was developed in the 1970s,” making 
hepatitis B a preventable disease. In its effort to eliminate chronic 
hepatitis B (CHB) infection, the World Health Organization 
passed a resolution to recommend global vaccination against hep- 
atitis B in 1992. Widespread use of the hepatitis B vaccine has 
already markedly reduced HBV-related morbidity and mortality, 
including prevention of HCC in countries such as Taiwan, where 
nearly all infants are vaccinated.’ Globally, the vaccination cover- 
age increased from 3% in 1992 to 81% in 2013.* Nonetheless, 
new HBV infections continue to occur, in part because of the lack 
of knowledge of the general population of the mode of transmis- 
sion and failure to vaccinate those at risk, and the difficulty to 
deliver the hepatis B vaccine in remote regions of the world.’ 

In the past nearly 3 decades, antiviral treatment of CHB has 
been revolutionized, first with conventional interferon (IFN) and 
then with pegylated IFN (PEG-IFN) and, more recently, with the 


availability of nucleoside/nucleotide analogs (NUCs). Currently, 
seven antiviral agents (lamivudine, adefovir, entecavir, telbivu- 
dine, tenofovir, standard IFN, and PEG-IFN) are available for the 
treatment of CHB, and have been shown to delay the progression 
of cirrhosis, reduce the incidence of HCC, and improve long-term 
survival.°” 


Indications for Treatment 


Currently approved treatment options are unable to eradicate 
HBV infection. Furthermore, they are expensive, and it is unclear 
whether they are safe and effective in maintaining viral suppres- 
sion over decades in the light of antiviral drug resistance. There- 
fore assessment of the phase of infection and the risk of liver 
disease progression is essential to identify those patients who may 
benefit from antiviral therapy. 


Natural History 


Phases of Chronic Hepatitis B Virus Infection 


The natural course of chronic HBV infection involves four phases, 
although not all patients go through all phases (Fig. 33-1). 

In the immunotolerant (high replicative carrier) phase of infec- 
tion, hepatitis B surface antigen (HBsAg) and hepatitis B e antigen 
(HBeAg) are present, serum HBV DNA levels are greater than 
10’ IU/mL, the levels of serum aminotransferases are normal, and 
there is no or minimal necroinflammation on liver histology. In 
patients with perinatally acquired HBV infection, this phase may 
last for 1 to 4 decades.” By contrast, the immunotolerant phase 
is short or absent in patients who acquire HBV infection in late 
childhood or during adulthood. The second phase is the immune- 
active phase. It is characterized by the presence of HBsAg and 
HBeAg, high or fluctuating serum HBV DNA levels, persistent or 
intermittent elevation of aminotransferase levels, and active necro- 
inflammation on liver histology. In this phase, spontaneous and 
sustained HBeAg seroconversion occurs at a rate of approximately 
10% per year, and it is estimated that up to 65% of patients 
undergo spontaneous HBeAg seroclearance.”'' Frequently, a flare 
of aminotransferases precedes this important event, reflecting 
immune-mediated lysis of infected hepatocytes. However, flares 
may also only result in transient decreases in serum HBV DNA 
levels without loss of HBeAg.’*'? The frequency and severity of 
these flares are associated with an increased risk of progression to 
cirrhosis and HCC. The phase that follows HBeAg seroconversion 
is called the immune-control phase or inactive carrier state. It is 
characterized by the absence of HBeAg, the presence of hepatitis 
B e antibody (anti-HBe), persistently normal aminotransferase 
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e Fig. 33-1 Natural history of chronic hepatitis B. ALT, Alanine aminotransferase; anti-HBe, hepatitis B 
e antibody; HBeAg, hepatitis B e antigen; HBV, hepatitis B virus. 


levels, and low serum HBV DNA levels. The prognosis for those 
who remain in this phase is excellent, with an incidence of delayed 
HBsAg seroconversion of 1% per year to 2% per year in Western 
countries and 0.05% per year to 0.8% per year in Asia.”'°'® 
After spontaneous HBeAg seroconversion, approximately 60% of 
patients will have a sustained remission and low risk of cirrhosis 
and HCC. However, up to 17% will have HBeAg seroreversion, 
and 15% to 24% will go on to develop HBeAg-negative active 
chronic hepatitis.”'’ This fourth phase, HBeAg-negative chronic 
hepatitis, is characterized by the absence of HBeAg, the pres- 
ence of anti-HBe, elevated serum HBV DNA levels, elevated 
aminotransferase levels, and active necroinflammation on liver 
histology. Most patients harbor HBV variants with mutations in 
the precore or core promoter region. The most common precore 
mutation, G1896A, creates a premature stop codon in the precore 
region with loss of HBeAg synthesis.” Patients with HBeAg- 
negative chronic hepatitis are usually older, have more advanced 
liver disease, and tend to have lower serum HBV DNA levels 
compared with patients with HBeAg-positive chronic hepatitis.’ 


Progression to Cirrhosis and Hepatocellular Carcinoma 

The incidence of progression to cirrhosis is 1.3% to 3.8% for 
patients with HBeAg-positive chronic hepatitis and 2.8% to 9.7% 
for patients with HBeAg-negative chronic hepatitis.’ The higher 
rate of cirrhosis among patients with HBeAg-negative chronic 
hepatitis is associated with older age and is likely related to longer 
duration of infection. Factors associated with an increased rate of 
progression to cirrhosis include older age, male sex, high serum 
HBV DNA levels, presence of HBeAg, coinfection with hepatitis 
C virus, hepatitis delta virus, or human immunodeficiency virus 
(HIV), alcohol abuse, and HBV genotype (C > B). In untreated 
patients there appears to be a direct association between the level 
of viremia and the risk of developing HCC; the higher the level 
of HBV DNA at presentation, the higher the risk of developing 
HCC during follow-up.” Hepatic decompensation occurs at an 
annual rate of 3% in cirrhotic patients.’ The annual incidence of 
HCC is approximately 0.21% for noncirrhotic inactive carriers, 
0.6% for patients without cirrhosis but with active hepatitis and 


3% to 4% for patients with cirrhosis.’ Even higher incidence rates 
have been reported in Asian and African populations. Neverthe- 
less, approximately 30% of HBV-associated HCC occurs in non- 
cirrhotic livers. HCC and liver failure are the main causes of death 
in liver disease. In patients in whom compensated CHB has been 
newly diagnosed, the 5-year survival rate is 99% to 100%.’ For 
patients with compensated cirrhosis, the survival rate is 86% at 5 
years. Once an episode of decompensation occurs, prognosis is 
very poor in the absence of antiviral therapy, with survival rates 
of only 14% to 28% at 5 years.” 


Treatment Indication 


The primary indication of treatment initiation is elevated HBV 
DNA levels in the presence of significant liver injury, as reflected 
by elevated alanine aminotransferase (ALT) levels, or necroinflam- 
matory activity and/or fibrosis on histology.**” In general, this 
means that patients in the immune-active or reactivation phase 
are candidates for antiviral treatment, whereas patients in the 
immunotolerant or inactive phase do not need antiviral therapy, 
and can be closely monitored. Normal ALT values of healthy 
adults are 30 U/L or less for males and 19 U/L or less for females.” 
The HBV DNA levels used to define immune-active disease 
(>2000 IU/m [European Association for the Study of the Liver] 
or >20,000 IU/mL [American Association for the Study of Liver 
Diseases] for HBeAg-positive patients and >2000 IU/mL for 
HBeAg-negative patients) are based on historical cutoffs of clinical 
trials and long-term follow-up studies. Large population-based 
cohort studies demonstrated an increased risk of progression to 
cirrhosis and development of HCC in adults with HBV DNA 
levels greater than 2000 IU/mL.” Still, one should keep in mind 
that some patients are currently in the gray zone for HBV DNA 
and ALT criteria for treatment versus observation. As CHB is a 
dynamic disease characterized by periods of immune activity and 
quiescence, longitudinal assessment is of vital importance for 
correct determination of the phase of infection and the stage of 
liver disease. Liver biopsy can be helpful in patients who lack these 
clear-cut indications for treatment initiation. 


Initial Evaluation 


The initial evaluation should include history taking and physi- 
cal examination with special attention paid to alcohol use and 
family history of HBV infection and HCC (Table 33-1). Labo- 
ratory tests include assessment of liver disease activity and func- 
tion, markers of HBV replication, and tests for coinfection with 
hepatitis C virus, hepatitis delta virus, and HIV. Noninvasive 
assessment of the stage of disease includes not only abdominal 
ultrasonography but also aspartate aminotransferase to platelet 
ratio index, fibrosis-4 score, FibroTest, and transient elastography. 
Liver biopsy is necessary only in select patients (Fig. 33-2). 


Treatment End Points 


Complete eradication of HBV from host hepatocytes can prob- 
ably not be achieved with currently available drugs because of 
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persistence of HBV covalently closed circular DNA in the nucleus 
of the cell and because of integration into host DNA.” The main 
goal of therapy is therefore to slow, halt, or even reverse progres- 
sion of liver inflammation to fibrosis, (decompensated) cirrhosis, 
or HCC. Because most of these events do not transpire until after 
several decades of infection, various surrogate end points are used 
to evaluate treatment efficacy in CHB.” Frequently used end 
points of therapy are loss of HBeAg from serum with or without 
the appearance of anti-HBe (serologic response), return of ALT 
levels to the normal range (biochemical response), a reduction of 
HBV DNA levels to low or undetectable levels (virologic response), 
and improvement of liver histologic features. Complete remission 
of disease is defined by a loss of HBsAg from serum accompanied 
by the appearance of hepatitis B surface antibody (anti-HBs), 
because the HBsAg-negative state is associated with an excellent 
prognosis with very low relapse rates in immunocompetent 
patients.” 
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HBV DNA > 20,000 IU/mL 
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HBeAg negative 
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e Fig. 33-2 Indications for treatment and liver biopsy (based on American Association for the Study 
of Liver Diseases guidelines). ALT, Alanine aminotransferase; HBeAg, hepatitis B e antigen; HBV, hepatitis 


B virus; ULN, upper limit of normal. 


Initial Evaluation of the Hepatitis B Surface Antigen-Positive Patient 


All patients 


Symptoms/signs of cirrhosis 
Alcoholic/metabolic risk factors 
Family history of HCC 
Vaccination status 


CBC, AST level, ALT level, 
GGT, total bilirubin level, 
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level, albumin level, INR 


HBeAg/anti-HBe 

HBV DNA quantitation 

Anti-HAV to determine need 
for vaccination 


Abdominal ultrasonography 

Noninvasive assessment of fibrosis 
(transient elastography, APRI, 
FIB-4 score, or FibroTest) 


Select patients 
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Tests to rule out other 
causes of chronic liver 


HBV genotype, quantitative 
HBsAg 

Coinfections (anti-HDV, 
anti-HCV, anti-HIV) 


Liver biopsy 


ALT, Alanine aminotransferase; anti-HAV, hepatitis A virus antibody; anti-HBe, hepatitis B e antibody; anti-HCV, hepatitis C virus antibody; anti-HDV, hepatitis delta virus antibody; APRI, aspartate ami- 
notransferase to platelet ratio index; AST, aspartate aminotransferase; CBC, complete blood count; FIB-4, fibrosis-4; GGT, y-glutamyl transpeptidase; HBeAg, hepatitis B e antigen; HCC, hepatocellular 


carcinoma; /NR, international normalized ratio. 
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PEG-IFN and the NUCs differ in their modes of antiviral 
action. PEG-IFN is an immunomodulator that also has a modest 
direct antiviral effect, whereas NUCs impede viral polymerase 
activity and thus prohibit viral replication without directly influ- 
encing the host immune response to the virus.” These differences 
are reflected in the definitions used to classify response to therapy. 
Because the aim of PEG-IFN therapy is to induce an off-treatment 
sustained remission of disease, response to PEG-IFN is assessed 
at 6 to 12 months after therapy discontinuation, as opposed to 
on-treatment assessments of virologic suppression used during 
NUC therapy. 

The ultimate end point of PEG-IFN therapy is HBsAg clear- 
ance but this is achieved in only a limited number of patients. 
Therefore clinical guidelines have defined response to PEG-IFN 
on the basis of serologic and virologic characteristics associated 
with long-term off-treatment sustained disease remission. In 
HBeAg-positive patients, response to PEG-IFN is defined as the 
combined achievement of HBeAg loss (or seroconversion) with 
low levels of HBV DNA (<2000 IU/mL) at 6 months after treat- 
ment.” In patients with HBeAg-negative CHB, the presence of 
HBV DNA levels lower than 2000 IU/mL combined with nor- 
malization of ALT levels at 6 months to 12 months after treatment 
is used as the definition of response to PEG-IFN.” Achievement 
of offtreatment sustained viral suppression after IFN-based 
therapy is associated with increased rates of subsequent HBsAg 
seroclearance and an excellent prognosis.””*”” 

In contrast to PEG-IFN therapy, complete viral suppression 
during treatment is an essential part of NUC-based therapy, 
because persistent viral replication is associated with a higher 
risk of antiviral resistance development, particularly for drugs 
with a low barrier to resistance. The HBV DNA patterns during 
NUC therapy may have clinical consequences, in particular for 
drugs with a lower threshold to resistance. HBV DNA response 
to NUCs is typically classified as nonresponse (<1 log decline 
after 3 months), partial response (>1 log decline but still detect- 
able HBV DNA after at least 6 months), or complete virologic 
response (undetectable HBV DNA).” Development of resistance 
is frequently indicated by virologic breakthrough, defined as a 1 
log increase of HBV DNA levels above the nadir in an adherent 
patient. The clinical relevance of a partial response to enteca- 
vir or tenofovir disoproxil fumarate (TDF) is generally limited 
because most patients will achieve undetectable HBV DNA 
with prolonged therapy.’' The importance of serologic responses 
during NUC therapy, especially HBeAg seroconversion, remains 
to be determined because achievement of HBeAg seroconversion 
during NUC therapy does not always appear to signify immune 
control in NUC-treated patients as it does with PEG-IFN therapy 
or during the natural history of disease because HBeAg serorever- 
sion and progression to HBeAg-negative CHB is frequent.” As 
a result, only HBsAg clearance or seroconversion constitutes the 
most definitive immune control in treated patients. 


Nucleoside/Nucleotide Analogs 


Introduction 


The discovery of NUC-based therapy provided a safe, effective, 
and well-tolerated alternative to PEG-IFN. In general, NUCs 
target the reverse transcriptase of HBV and are potent inhibitors 
of viral replication. After intracellular phosphorylation they act 
as an analog of natural nucleotides and compete for incorpora- 
tion into the viral DNA chain. As they lack a hydroxyl group, 
formation of a covalent bond with an adjacent nucleotide is not 


possible, and so they prohibit further chain elongation” (Fig. 
33-3). Current international treatment guidelines recommend 
TDF or entecavir as a first-line treatment option.”*”’ Character- 
istics of the different approved NUCs are shown in Table 33-2. 

The probability of undetectable HBV DNA for different 
NUCs and PEG-IFN after 1 year of therapy is given in Figs. 33-4 
and 33-5 for HBeAg-positive and HBeAg-negative patients. With 
prolonged treatment, more than 90% of patients treated with 
TDF or entecavir will have virologic suppression. 


Tenofovir 


Tenofovir belongs to a class of acyclic phosphonate nucleotide 
analogs. Its antiviral activity was first described in 1993, and is 
restricted to retroviruses and hepadnaviruses.** TDF was licensed 
for the treatment of HIV infection in 2001, and continues to be 
an important component of many anti-HIV regimens. The effi- 
cacy of TDF in HBV therapy was first described in several studies 
including mainly patients coinfected with HBV and HIV-1, and 
some receiving combination therapy with lamivudine.*””* It was 


licensed for the treatment of CHB in 2008. 


Clinical Response 

The excellent efficacy of TDF in CHB has been established in two 
phase III randomized clinical trials and long-term follow-up 
studies, in which HBeAg-positive and HBeAg-negative CHB 
patients were treated with either TDF or adefovir monotherapy.” 
After 48 weeks, all eligible patients were switched to open-label 
TDF monotherapy for up to an additional 7 years. Seventy-six 
percent of HBeAg-positive TDF-treated patients demonstrated 
undetectable HBV DNA (<400 copies per milliliter) after 48 
weeks of treatment. Among the HBeAg-negative patients, 93% 
demonstrated HBV DNA levels lower than 400 copies per mil- 
liliter at week 48. For all patients receiving treatment at year 7, 
99% maintained undetectable HBV DNA (HBV DNA level 
<69 IU/mL), 80% achieved serum ALT level normalization, and 
in HBeAg-positive patients, 55% and 12% achieved HBeAg and 
HBsAg loss respectively. In the HBeAg-negative patients, only 
0.3% achieved HBsAg loss. Moreover, a subgroup analysis of 
patients who underwent a follow-up liver biopsy after 5 years 
of TDF treatment demonstrated regression of fibrosis in 54% 
of patients. Of the patients with cirrhosis at the baseline, 74% 
no longer had liver cirrhosis.” 

The efficacy of TDF has also been clearly demonstrated in 
nucleoside/nucleotide-experienced HBV patients. In one ran- 
domized clinical trial of lamivudine-resistant HBV patients who 
were treated either with TDF alone or with TDF in combina- 
tion with emtricitabine, 89% of patients in the TDF group and 
86% in the emtricitabine-TDF group had levels of HBV DNA 
lower than 69 IU/mL at week 96 of treatment.” Another ran- 
domized trial showed that TDF is highly effective in adefovir- 
resistant HBV patients as well.“ In patients infected with 
entecavir-resistant HBV, TDF monotherapy for 48 weeks pro- 
vided a virologic response comparable to that of TDF and ente- 
cavir combination therapy.” Furthermore, the efficacy of TDF 
in both nucleoside/nucleotide-naive and nucleoside/nucleotide- 
experienced HBV patients has been confirmed in several large 
cohort studies derived from real-life clinical practice.“ 


Resistance 

Resistance to TDF has not been observed in any patient with 
CHB so far despite extensive resistance surveillance.“ The pur- 
ported resistance mutation, A194T, was seen in addition to 
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Characteristics of Approved Treatment Options for Chronic Hepatitis B 


Pegylated Interferon 180 ug weekly Flulike symptoms, None CBC (monthly to every 3 mo) 
interferon-c, fatigue, mood TSH (every 3 mo) 
disturbances, Clinical monitoring for autoimmune, 
cytopenias, ischemic, neuropsychiatric, and 
autoimmune infectious complications 
disorders 
Lamivudine L-Nucleoside 100 mg daily Pancreatitis rtM204V/l + rtL180M Amylase level if symptoms 
Lactic acidosis + rtV173L Lactic acid level if clinical concern 
rtA181T/V 
Telbivudine .-Nucleoside 600 mg daily Creatine kinase level rtM204V/l+rtL180M Creatine kinase level if symptoms 
elevations and + rtV173L Clinical evaluation if symptoms 
myopathy rtA181T/V Lactic acid level if clinical concern 
Peripheral 
neuropathy 
Lactic acidosis 
Entecavir D-Cyclopentane 0.5 mg or Lactic acidosis rtM204V/l + rtL180M Lactic acid level if clinical concern 
1 mg daily* + rtl169T/ rtT184/ 
rtS202/ rtM250V/I/ 
rtl163V/ rtA186T 
Adefovir Acyclic 10 mg daily Acute renal failure rtN236T Creatinine clearance at baseline 
phosphonate Fanconi syndrome rtA181T/V If at risk of renal impairment, 
Nephrogenic diabetes creatine clearance, serum 
insipidus phosphate level, urine glucose 
level, and protein levels at least 
annually 
Lactic acidosis Consider a bone density study at the 
baseline and during treatment 
in persons with a history of 
fracture or risks of osteopenia 
Lactic acid level if clinical concern 
Tenofovir Acyclic 300 mg daily Nephropathy Creatinine clearance at baseline 
phosphonate Fanconi syndrome If at risk of renal impairment, 
Osteomalacia creatinine clearance, serum 


Lactic acidosis 


phosphate level, urine glucose 


*Doses need to be adjusted in people with renal dysfunction. 
‘Per package insert. 


level, and protein levels at least 
annually 
Consider a bone density study at 
baseline and during treatment in 
persons with a history of 
fracture or risk of osteopenia 
Lactic acid level if clinical concern 


*Entecavir dosage in adults is 1 mg daily if lamivudine or telbivudine experienced and there is decompensated cirrhosis. 


CBC, Complete blood count; TSH, thyroid-stimulating hormone. 


lamivudine resistance (rtL180M and rtM204V) in two patients 
coinfected with HIV and HBV receiving tenofovir therapy, yet a 
decrease in susceptibility of the mutant virus to TDF has not been 
confirmed in other studies.“ Some cohort studies suggested a 
decreased efficacy of TDF in patients with genotypic adefovir 
resistance.“ Small decreases in susceptibility to rLN236T HBV 
mutants have been shown in in vitro studies as well“ Yet the 
observed susceptibility shifts are smaller than for adefovir, and 
together with the significantly higher dose, TDF is able to 


effectively suppress viral replication in patients with genotypic 
adefovir resistance. “” 


Safety 


As TDF is also one of the most widely prescribed antiretroviral 
agents, information on the safety profile of TDF comes from its use 
in both HBV-infected patients and HIV-infected patients. TDF 
is generally well tolerated, with few side effects. There have been 
concerns about the risk of renal toxicity with TDE”’ The renal 


proximal tubule is the main target of toxicity. Mild and subclini- 
cal proximal tubule dysfunction (defined as persistent presence 
of 2 or more of the following: glucosuria, hyperaminoaciduria, 
hyperphosphaturia, hyperuricosuria, and B,-microglobulinuria) is 
observed in up to 20% of patients.” The incidence of severe cases 
leading to Fanconi syndrome or acute kidney injury is probably 
less than 1%.” Large observational cohort studies have reported 
that TDF exposure is associated with a small but significantly 
increased risk of development of chronic kidney disease (estimated 
glomerular filtration rate <60 mL/min). An increase in serum 
creatinine level to more than 2 mg/dL was observed in 0.6% 
of patients in a large cohort of more than 10,000 TDF-treated 
subjects.” Most of the decline in renal function occurs within the 
first 3 months, followed by a stable clearance rate thereafter.” 
In the long-term follow-up studies of the phase III registration 
trials, no significant decline in mean serum creatinine levels was 
demonstrated among 437 TDF-treated HBV patients, and 1.7% 
of patients experienced elevations of serum creatinine level of 
more than 0.5 mg/dL above the baseline.“ Some studies suggest 
that the change in serum creatinine level is due to impaired 
proximal tubule creatinine secretion rather than true alteration 
of the glomerular filtration rate.” Withdrawal of TDF treatment 
may result in complete recovery from Fanconi syndrome and 
substantial improvement in kidney function.”*”’ Decrease in bone 
mineral density has also been associated with TDF, and most 
likely is caused by reduced absorption of phosphate in the proxi- 
mal tubule, leading to urine phosphate wasting.” No significant 
change in bone mineral density was observed in the long-term 
follow-up studies of the phase III registration trials.” In a large 
population-based cohort study, exposure to nucleotide analogs, 
compared with nucleoside analogs, increased the risk of hip frac- 
ture, yet the overall fracture risk was less than 1% during a median 
follow-up of approximately 5 years.°' It is recommended that in 
patients at risk of renal impairment, creatinine clearance, serum 
phosphate level, urine glucose level, and protein levels should 
be monitored at least annually. In individuals with a history of 
fracture or risk of osteopenia, a bone density study should be 
considered at the baseline and during treatment (see Table 33-2). 
Tenofovir alafenamide is a recently developed prodrug of TDF 
designed to resist rapid metabolism in the plasma (common with 
the first-generation prodrug TDF), thereby more efficiently deliv- 
ering active drug (TDF diphosphate) to infected hepatocytes. 
Tenofovir alafenamide is considered to have efficacy similar to that 
of TDE The administration in smaller doses (10 times lower dose) 
and the lack of systemic effects may lead to less renal and bone 
toxicity. Recent data from ongoing clinical trials suggests nonin- 
feriority compared with TDF concerning viral suppression.” 


Entecavir 


Entecavir is a cyclopentyl guanosine nucleoside analog, and is a 
highly selective inhibitor of HBV replication. It was licensed for the 
treatment of CHB in 2006. Although it was initially thought that 
entecavir exerted no anti-HIV activity, drops in HIV RNA level were 
observed in patients coinfected with HIV and HBV who received 
entecavir therapy. In one patient even a lamivudine-resistant M184V 
HIV variant was selected.°’ Entecavir should therefore not be used 
as monotherapy in viremic patients coinfected with HIV and HBV. 


Clinical Response 


The efficacy of entecavir in nucleoside-naive HBeAg-positive 
HBV patients was demonstrated in a large phase III randomized 
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clinical trial in which patients were randomized to receive either 
entecavir at 0.5 mg once daily or lamivudine at 100 mg once daily 
for 48 weeks.” Entecavir proved to be superior to lamivudine in 
terms of virologic, biochemical, and histologic outcomes. Among 
these HBeAg-positive patients, 67% of patients achieved unde- 
tectable HBV DNA (serum HBV DNA level <300 copies per 
milliliter). HBeAg seroconversion and ALT normalization were 
achieved by 21% and 68% of patients respectively. A subset 
of patients received continuous treatment with entecavir for up 
to 5 years. All patients were treated with 1 mg daily from year 3 
onward. At year 5, 94% of patients maintained undetectable HBV 
DNA. HBeAg seroconversion and HBsAg loss were observed in 
23% and 1.4% of patients respectively.” In a selected subgroup 
of 40 HBeAg-positive patients, paired liver biopsies showed an 
reduction of inflammatory and fibrosis scores after 5 years.°° A 
similar randomized clinical trial was performed in HBeAg- 
negative patients. Undetectable HBV DNA was shown by 90% 
of patients after 1 year of treatment.” As most patients stopped 
treatment per protocol, proper long-term follow-up studies could 
not be performed. However, several real-life studies confirmed the 
efficacy and safety of entecavir, with response rates similar to those 
seen in clinical trials.°"* 

A large randomized clinical trial demonstrated that entecavir, 
even when dosed at 1 mg once daily, is not a suitable rescue option 
for patients with lamivudine-refractory HBV because of overlap- 
ping resistance profiles.” Up to 25% of lamivudine-resistant 
patients will develop entecavir-resistant mutants during the first 
few years of therapy.’””' Susceptibility of entecavir is not decreased 
in HBV variants with adefovir-resistant mutations, as shown by 
in vitro studies“ and small case series from clinical practice.” 


Resistance 

In nucleoside-naive patients, entecavir has a very good resis- 
tance profile. After 5 years of treatment, resistance to entecavir is 
observed in approximately 1% of patients.” Development of ente- 
cavir resistance occurs through a two-hit mechanism. Additional 
substitutions are required in an HBV variant already resistant to 
lamivudine, and usually in association with the classic rtM204V 
and rtL180M mutations. The additional changes should include 
at least one at rtl169, rtT184, rtS202, or rtM250. Recently 
rtl163V and rtA186T were identified as additional mutations 
conferring resistance to entecavir.”” A reduced barrier to resistance 
is observed in lamivudine-refractory patients, as the lamivudine 
resistance substitutions preexist, resulting in a 5-year cumulative 
probability of genotypic entecavir resistance without or with viral 
breakthrough in 51% and 43% or patients respectively.” 


Safety 


Entecavir is well tolerated. One case series of HBV patients with 
advanced liver disease described an increased risk of lactic acidosis 
in patients with cirrhosis and a Model for End-Stage Liver Disease 
higher th 76 This ob ion has, h b 
score higher than 18. is observation has, however, not been 
confirmed in other studies, although it should be noted that 
prospective monitoring for lactic acidosis did not occur in trials 
that explored the use of entecavir in advanced liver disease.” 


Lamivudine 


Lamivudine was the first nucleoside analog to be approved for the 
treatment of chronic HBV infection, and remained the only avail- 
able oral anti-HBV agent for several years. A major limitation is, 
however, its inferior resistance profile, which leads to resistance in 
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approximately 80% of patients after 5 years of treatment.’* Lami- 
vudine can still be used in the short term during the third trimes- 
ter of pregnancy to lower viral load so as to prevent vertical 
transmission of the virus, and in the setting of immunosuppres- 
sion in HBV carriers with undetectable viral load to prevent 
reactivation of HBV. In these settings, where the risk of develop- 
ing resistance is deemed low because of either the limited treat- 
ment duration or the presence of low levels of the virus, lamivudine 
monotherapy could be acceptable, especially if other agents with 
a similar safety profile are not available.” 


Adefovir 


Adefovir dipivoxil is a nucleotide analog similar in structure to 
TDE and was the second oral agent approved for the treatment 
of chronic HBV infection. As nephrotoxicity is a major side effect 
of higher doses, the prescribed dose is approximately 30-fold 
lower than for TDF which probably accounts for its low potency 
in vivo. In several randomized clinical trials, adefovir proved to 
be inferior to both TDF and entecavir.*”””*° Furthermore, in 
a long-term follow-up study of HBeAg-negative HBV patients, 
the cumulative probability of the adefovir-resistant mutations 
rtN236T and rtA181V increased from 0 in year 1 to 3%, 11%, 
18%, and 29% in years 2, 3, 4, and 5 respectively." 


Telbivudine 


Telbivudine is a thymidine analog that is active against HBV but 
at least in vitro is not active against other viruses, including HIV. 
No large studies on the use of telbivudine in patients coinfected 
with HIV and HBV are available.***’ It was approved for the 
treatment of CHB in 2007. In two randomized clinical trials, 
telbivudine dosed at 600 mg/day demonstrated higher antiviral 
activity compared with lamivudine and adefovir monotherapy.**? 
The role of telbivudine monotherapy is, however, limited because 
of the high resistance rate. The rtM204I mutation is associated 
with resistance to telbivudine and cross-resistance to lamivudine. 
After 2 years of treatment, the resistance rates were 25% and 11% 
for HBeAg-positive and HBeAg-negative patients respectively." 
Although the use of telbivudine has been associated with an 
improvement in renal function, the clinical relevance of this 
finding when one is considering the choice of first-line treatment 
in CHB patients is currently unclear.*” 


Clinical End Points 


Prevention of clinical complications of chronic liver disease has 
been demonstrated in several high-quality studies, but mainly 
in patients with advanced liver disease. In a pivotal randomized 
clinical trial, lamivudine reduced the risk of liver-related compli- 
cations in CHB patients with advanced fibrosis and cirrhosis. A 
55% reduction in the rate of the combined end point (defined as 
an increase of at least 2 points in the Child-Pugh score, sponta- 
neous bacterial peritonitis with proven sepsis, renal insufficiency, 
bleeding gastric or esophageal varices, the development of HCC, 
or death related to liver disease) was achieved after 3 years of 
treatment. The incidence of HCC was reduced by approximately 
50% as well.° In a large observational study, entecavir therapy 
reduced the risk of HBV-related death and liver transplantation by 
50% compared with lamivudine therapy.® Reduction of Child- 
Pugh and Model for End-Stage Liver Disease scores has been 
shown for TDF and entecavir in patients with decompensated 


liver disease.” Furthermore, regression of fibrosis and cirrhosis 
was observed after 5 years of continuous TDF treatment in most 
patients.” The risk of HCC is, however, not completely elimi- 
nated with long-term viral suppression using TDF or entecavir. 
Among cirrhotic patients, entecavir reduced the incidence of 
HCC by approximately 30% in several Asian studies, yet superi- 
ority compared with older drugs such as lamivudine has not been 
demonstrated.**”' Furthermore, a clear treatment benefit has not 
been reported in the Caucasian population.” The annual risks of 
HCC are currently estimated to be 0.01% to 1.4% in patients 
without cirrhosis and 0.9% to 5.4% in patients with cirrhosis who 
are receiving antiviral suppressive therapy.” Surveillance for HCC 
remains therefore an important tool in the treatment of HBV- 
infected patients who achieve long-term remission with NUC 
therapy. Particularly for the Asian population, several validated risk 
scores (REACH-B, CU-HCC, GAG-HCC) have been developed 
to identify those patients who will especially benefit from HCC 
surveillance.”*”° 


General Management Issues in Treatment 
With Nucleoside/Nucleotide Analogs 


Is a Finite Duration of Nucleoside/Nucleotide 

Analog Therapy Possible? 

The need for long-term, perhaps indefinite, treatment is a major 
drawback of treatment with NUCs. In HBeAg-positive CHB 
patients, current international guidelines suggest that a finite 
duration of treatment with NUCs is a reasonable option, and it 
is recommended that treatment can be stopped after HBeAg 
seroconversion and an additional 12 months of consolidation 
therapy” (Fig. 33-6). Initial studies, performed mainly in 
Western countries, reported HBeAg seroconversion achieved 
during NUC therapy to be durable in 80% to 90% of cases.” 
Subsequent studies, performed mainly in Asian countries, dem- 
onstrated disappointing results, with virologic relapse rates of up 
to 70% of patients.” As high-quality studies reporting the clini- 
cally important outcomes of HCC, cirrhosis, or decompensation 
among HBeAg-positive patients who stopped NUC antiviral 
therapy compared with those who continued with antiviral 
therapy after HBeAg seroconversion are not available, definite 
conclusions cannot be drawn. Most guidelines currently recom- 
mend that HBeAg-positive individuals without cirrhosis with 
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e Fig. 33-6 Algorithm for the treatment of hepatitis B e antigen 
(HBeAg)-positive and HBeAg-negative hepatitis B patients with 
nucleoside/nucleotide analogs. 
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e Fig. 33-7 Cumulative annual incidences of resistance among nucleoside-naive patients with chronic 
hepatitis B. ADV, Adefovir; ETV, entecavir; HBV, hepatitis B virus; LAM, lamivudine; Ld, telbivudine; TDF 


tenofovir disoproxil fumarate. 


CHB who experience HBeAg seroconversion can stop treatment 
after a consolidation period of at least 12 months with persistently 
normal ALT levels and undetectable serum HBV DNA. These 
patients should be followed up closely for HBV reactivation. In 
patients with cirrhosis, treatment discontinuation should not be 
considered because of the risk of clinical decompensation should 
virologic relapse occur. 

In HBeAg-negative CHB patients, study results published 
on sustained off-treatment response after a finite duration of 
NUC therapy appear to be disappointing.’**' In one Asian 
study, entecavir therapy was discontinued in 95 HBeAg-negative 
patients with HBV DNA undetectability for at least 12 months. 
Within 1 year of follow-up, virologic relapse (HBV DNA level 
>2000 IU/mL) occurred in 58% of patients.” In another pro- 
spective study from Asia, the proportion of patients with virologic 
relapse after 1 year of follow-up after discontinuation or entecavir 
therapy (mean duration of therapy: 3 years) was even estimated 
to be 91%." In contrast, in a prospective cohort study of 33 
European HBeAg-negative CHB patients whose treatment was 
discontinued after 4 years to 5 years of complete viral suppression 
with adefovir monotherapy, all patients experienced reappearance 
of serum HBV DNA soon after treatment cessation, but during 
longer follow-up, 18 of 33 patients (55%) achieved sustained 
response (HBV DNA level persistently <2000 IU/mL combined 
with ALT level <40 U/L), of whom 72% eventually experienced 
HBsAg loss as well. Whether the duration of HBV DNA unde- 
tectability before treatment discontinuation is the reason for the 
difference in the outcomes in the European versus Asian studies 
is unclear. Further studies are needed, and until then NUC 
therapy should probably only be stopped in HBeAg-negative 
patients after HBsAg loss, which is an end point that is only rarely 
achieved. 

Another possible strategy to avoid lifelong NUC treatment is 
to add on PEG-IFN therapy in NUC responders to induce a sus- 
tained offtreatment response. Several clinical trials have investi- 
gated this approach in both HBeAg-positive and HBeAg-negative 
patients.'°'°° Even with the addition of PEG-IFN, NUC therapy 
could only be discontinued in a small proportion of patients. This 
strategy should therefore not be used in clinical practice until 
more definite results are available. 


Prevention of Antiviral Drug Resistance 


As described earlier, a substantial proportion of patients with 
CHB will likely need long-term treatment. A pivotal randomized 
clinical trial in patients with advanced fibrosis and cirrhosis dem- 
onstrated the beneficial effect of lamivudine therapy on disease 
progression when compared with placebo. This beneficial effect 
of antiviral therapy was, however, significantly attenuated in 
lamivudine-treated patients who developed antiviral resistance.‘ 
Drug resistance is therefore the most significant factor in treat- 
ment failures. Thus a maintained long-term response without the 
development of antiviral drug resistance is essential to prevent 
HBV-associated liver disease complications. Figure 33-7 shows 
the cumulative annual incidences of resistance among nucleoside- 
naive CHB patients for the different NUCs. TDF and entecavir 
have the best resistance profiles, which is one of the key factors 
behind the guideline recommendations as preferred NUCs.”*” 

Antiviral drug resistance reflects reduced susceptibility of a 
virus to the inhibitory effect of a drug. It results from a process 
of adaptive mutations under therapy. The first manifestation of 
antiviral resistance is a virologic breakthrough. This is defined by 
an increase in HBV DNA level by more than 1 logio compared 
with the nadir or HBV DNA level of 100 IU/mL or more in 
patients receiving NUC therapy with previously undetectable 
levels (<10 IU/mL). In the case of resistance it is usually also fol- 
lowed by a biochemical breakthrough, which is characterized by 
an increase in ALT levels. 

Several key concepts should be considered to prevent the emer- 
gence of drug resistance. First, unnecessary treatment should be 
avoided, meaning that only patients with advanced or active liver 
disease should be treated. Second, if treatment needs to be initi- 
ated, only potent antiviral drugs with a high genetic barrier to 
resistance should be used. The genetic barrier can be thought of 
as a threshold probability that the virus will mutate and escape 
from the selective action of the drug. It is defined as the number 
of mutations needed for drug resistance to emerge.” Furthermore, 
complete suppression of viral replication allows little opportunity 
for resistance to develop. Several studies have shown that an initial 
virologic response is associated with lower rates of antiviral drug 
resistance in HBV patients in the long term.” Therefore potent 
antiviral therapy should be used that results in quick and complete 
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suppression of viral replication. TDF and entecavir are the most 
potent of the currently available antiviral drugs. Third, treatment 
adherence is important for maintaining maximum suppression of 
viral replication. Nonadherence may lead to persistent low-level 
viral replication in the presence of drug pressure, which can even- 
tually result in the selection of drug-resistant HBV mutants, par- 
ticularly with less potent antivirals. Studies have demonstrated 
that most virologic breakthroughs during monotherapy with a 
potent NUC with a high genetic barrier are related to nonadher- 
ence instead of the development of antiviral drug resistance. 

In general, antiviral drug resistance is no longer a major issue 
with the availability of entecavir and TDF in the developed world. 
However, many patients with CHB do not have access to these 
highly effective antivirals, as most of those with CHB live in 
resource-constrained areas. Costs may result in the selection of 
suboptimal antiviral agents such as lamivudine, which often can 
be given for only a limited duration. Moreover, patient adherence 
is undermined not only by the fact that not all patients receive 
full reimbursement for long-term NUC treatment but also by the 
absence of symptoms early in the course of the disease. As a con- 
sequence, antiviral drug resistance is still a problem in those parts 
of the world where hepatitis B is endemic. In 2015, the World 
Health Organization published an expert consensus document on 
the management of hepatitis B, also for countries with limited 
resources.'”* In countries where resources are limited, entecavir or 
TDF is still preferred, and TDF is often available at low cost as 
part of national antiretroviral therapy programs. If frequent HBV 
DNA monitoring is not available because of cost constraints, 
diagnosis of antiviral resistance may be a clinical challenge, because 
ALT level increase is often a late sign. Again, this underscores 
the importance of the use of an agent with a high barrier to 
resistance. 


Pegylated Interferon 


Efficacy in Hepatitis B e 
Antigen-Positive Patients 


In two large randomized trials of treatment with PEG-IFN-,, or 
PEG-IFN-O.,, conducted in Asia and Europe, approximately 25% 
of patients achieved HBeAg seroconversion at the end of 1 year 
of therapy.'°”''° Half a year after discontinuation of treatment, 
the rate increased to more than 29% to 32%. Loss of HBsAg with 
appearance of anti-HBs was achieved in 4% to 6% of patients at 
6 months after treatment." A combined end point of HBeAg 
clearance with HBV DNA levels below 2000 IU/mL at 6 months 
after treatment was achieved in 23% of patients in a meta-analysis 
of three large trials.''' A representative cohort of 172 patients 
treated with PEG-IFN-G,, with or without lamivudine in a Euro- 
pean trial were enrolled in a subsequent follow-up study. Among 
patients who achieved loss of HBeAg at 6 months after treatment, 
HBeAg negativity was sustained at 3 years after treatment in 81% 
of the patients, and 30% of these patients experienced HBsAg 
loss.''* Combination therapy of PEG-IFN with lamivudine does 
not result in higher response rates when compared with PEG-IFN 
monotherapy. > A recent study has investigated the use of 
PEG-IEN plus TDF combination therapy and found higher rates 
of HBsAg clearance with combination therapy, but this difference 
was not sustained through posttreatment follow-up because of 
posttreatment HBsAg seroreversion.''’ Because other end points, 
such as HBeAg seroconversion and low off-treatment HBV DNA 


levels, were also not more frequently achieved with combination 
therapy, there is currently no indication for de novo PEG-IFN 
plus NUC combination treatment.””'™ 


Efficacy in Hepatitis B e 
Antigen-Negative Patients 


In the registration trial for PEG-IFN in HBeAg-negative CHB, 
the primary end point was sustained off-treatment suppression of 
HBV DNA levels to below 20,000 copies per milliliter and nor- 
malization of ALT levels after 24 weeks of posttreatment follow-up; 
this response was achieved in 36% of patients in the PEG-IFN 
monotherapy group.’ In another study, where mainly patients 
with HBV genotype D received PEG-IFN-0,, for 48 weeks, the 
response rate (HBV DNA level <10,000 copies per milliliter 
[-2000 IU/mL] and normal ALT level) after 24 weeks of post- 
treatment follow-up was 16% to 20%.''° Long-term virologic 
remission of HBeAg-negative disease, defined as sustained HBV 
DNA levels below 2000 IU/mL, was achieved in approximately 
25% of treated patients.’ Combination therapy of PEG-IFN 
plus lamivudine does not result in higher response rates when 
compared with PEG-IFN monotherapy. ° As in HBeAg-positive 
disease, the use of PEG-IFN plus TDF combination therapy 
resulted in slightly higher rates of HBsAg clearance but this dif- 
ference was not sustained when the patients were not receiving 
treatment.’ ° Therefore de novo combination therapy of PEG-IFN 
and NUCs currently does not have a role in the management of 
HBeAg-negative CHB." 


Selection of Patients for 
Pegylated Interferon Therapy 


Because sustained response rates to PEG-IFN therapy remain 
limited, baseline selection of patients with the highest chances of 
treatment success is essential for optimal use of PEG-IFN in clini- 
cal practice. Recent studies have shown that selection of patients 
for PEG-IFN therapy may be guided by host and virologic factors. 
Importantly, PEG-IFN therapy is, for example, contraindicated 
in patients with decompensated liver disease, psychiatric disease, 
autoimmune diseases, and known malignancy. 


Hepatitis B e Antigen-Positive Patients 

Post hoc analyses of large trials have shown that response rates 
with PEG-IFN therapy are higher in patients with HBV genotype 
A or HBV genotype B, and in patients with higher baseline ALT 
levels. °>"? These findings were confirmed when data from two 
studies were pooled and reanalyzed (7 = 721).''® Older age, female 
sex, and lower serum HBV DNA levels were also associated with 
an increased likelihood of sustained response (Table 33-3).''* Pre- 
vious IFN therapy was a significant predictor of nonresponse in 
patients harboring genotype A or genotype D. 

With use of HBV genotype and baseline ALT and HBV DNA 
levels it is possible to identify patients with a higher likelihood of 
response (defined as HBeAg loss with HBV DNA level <2000 IU/ 
mL at 6 months after treatment) greater than 30%.''* Neverthe- 
less, considerable uncertainty remains on the individual level, and 
further predictors of response are required to optimize patient 
selection. Recent studies have suggested that host factors, includ- 
ing genetic polymorphisms near /L28B and serum levels of IFN- 
y-inducible protein 10, as well as several viral mutations may have 
a role in predicting response to PEG-IFN but their role in clinical 
decision making remains controversial.”’’'’”'’ There appears to be 


a limited role for HBeAg levels at the baseline for the prediction 
of response to PEG-IFN."”! 


Hepatitis B e Antigen—Negative Patients 

Currently, data on baseline predictors of response to PEG-IFN 
are limited for HBeAg-negative individuals. In a post hoc analysis 
of a phase III study, younger age, female sex, higher baseline ALT 
levels, lower baseline HBV DNA levels, and genotype C were 
found to be associated with a higher probability of achieving a 
sustained response (see Table 33-3).'** Other studies have so far 
failed to confirm these data.''®'*’ Limited data suggest a role for 
baseline quantification of HBsAg levels, but clinically useful 
cutoffs have yet to be reported. 


Baseline Predictors of Response to Treatment 
With Pegylated Interferon-a 


Genotype A/B Higher ALT 
Higher ALT Lower HBV DNA 
Lower HBV DNA Younger age 
Older age Female sex 
Female sex Lower HBsAg 
Lower HBsAg 

Lower HBeAg 


Baseline parameters associated with higher response rates to 1 year of pegylated interferon-a 
therapy. Variables associated with response on a continuous scale are designated higher or 
lower if cutoff levels were not reported. 

ALT, Alanine aminotransferase; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface 
antigen; HBY, hepatitis B virus. 
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On-Treatment Prediction of Response 


Hepatitis B e Antigen-Positive Patients 


The most important on-treatment predictors of response to 
PEG-IFN are serum HBsAg levels.''' In HBeAg-positive patients, 
the influence of HBV genotype on on-treatment HBsAg levels is 
considerable, and HBV genotype-specific stopping rules therefore 
need to be considered. For patients infected with HBV genotype 
A or HBV genotype D, treatment discontinuation should be 
considered if there is no decline of HBsAg levels by week 12, 
whereas response is extremely unlikely if HBsAg levels are greater 
than 20,000 IU/mL in a patient with HBV genotype B or HBV 
genotype C.''’ At week 24, discontinuation of PEG-IFN therapy 
is indicated in all patients with an HBsAg level greater than 
20,000 IU/mL, regardless of HBV genotype (Fig. 33-8). In addi- 
tion to their application in stopping rules, HBsAg levels may also 
be applied for the identification of patients with a very high 
chance of response. Across all the major genotypes, a low HBsAg 
level ($1500 IU/mL) at week 12 or week 24 is associated with an 
increased chance of success.''’ In addition to HBsAg levels, earlier 
studies focused on the use of on-treatment HBV DNA and 
HBeAg levels for on-treatment prediction of response to PEG- 
IFN. Clinically meaningful cutoffs based on studies using ade- 
quate outcomes have, however, not been reported.'”"'” 


Hepatitis B e Antigen—Negative Patients 

Given the limited response rates to a 1 year course of PEG-IFN 
and the absence of validated baseline predictors of response, 
on-treatment monitoring of viral replication is even more impor- 
tant for HBeAg-negative patients treated with PEG-IFN. Simi- 
larly to the data observed among HBeAg-positive patients, those 
HBeAg-negative patients who achieve a substantial HBsAg level 
decline during therapy experience high rates of response. 1! 
In a European randomized clinical trial that enrolled predomi- 
nantly genotype D patients, the combination of HBsAg and 
HBV DNA levels allowed reliable prediction of nonresponse to 


HBeAg-positive patient 


Ee 


HBV DNA decline 


Continue 


Genotype A B Cc D 
WEEK 12 Stop if HBsAg No decline >20,000 >20,000 No decline 
WEEK 24 Stop if HBsAg >20,000 >20,000 >20,000 >20,000 
HBeAg-negative patient 
WEEK 12 | HBsAg level Decline No decline 


>2 log 


<2 log 


Continue 


Stop 


e Fig. 33-8 Stopping rules described for hepatitis B e antigen (HBeAg)-positive patients and HBeAg- 


negative patients treated with pegylated interferon. HBsAg, Hepatit 


B virus. 


is B surface antigen; HBV, hepatitis 


CeeS ORONA Specific Diseases 


WAE Contraindications to Pegylated Interferon 
Se Therapy 


Decompensated cirrhosis 

Severe psychiatric disease 

Severe hepatitis activity as documented by ALT level >10 times ULN 
Neutropenia (neutrophil count <1000/mm‘) 

Thyroid disease 

Malignancy 

Thrombocytopenia (platelet count <90,000/mm*) 

Low predicted probability of response 

Current or recent use of telbivudine 


ALT, Alanine aminotransferase; ULN, upper limit of normal. 


PEG-IFN at week 12 of treatment. When patients did not have 
an HBsAg level decline by week 12, and also failed to achieve an 
HBV DNA level decline of more than 2 log IU/mL, they had no 
chance of achieving a sustained response (HBV DNA level 
<2000 IU/mL and normal ALT level at 6 months after treat- 
ment). Application of this rule was associated with a negative 
predictive value of 100%, and it was shown that in 20% of 
patients PEG-IFN therapy could be stopped at week 12 with use 
of this stopping rule '” (see Fig. 33-8). These findings were sub- 
sequently validated in two large independent trials. 


Increasing Response Rates to Pegylated 
Interferon: Duration and Combination Therapy 


Currently, PEG-IFN is registered in most countries for admin- 
istration as a subcutaneous injection once weekly for 48 weeks. 
Recent studies have shown, at least in HBeAg-positive patients, 
that reduction of the duration of PEG-IFN therapy or the dose 
of PEG-IEN is also associated with reduced response rates. 1? 
There are currently limited data on the efficacy of prolonga- 
tion of PEG-IFN therapy beyond 48 weeks; in one study that 
enrolled HBeAg-negative patients with HBV genotype D, pro- 
longation of PEG-IFN therapy to 96 weeks increased response 
rates significantly. 

Given the limited response rates to 48 weeks of PEG-IFN 
therapy, various strategies have been applied to increase response 
rates. Because PEG-IFN and the NUCs have different modes of 
action, combination therapy could potentially increase response 
rates. De novo combination therapy of PEG-IFN with lamivu- 
dine, adefovir, or TDF has been evaluated in several randomized 
trials. All of these studies have consistently shown that although 
combination therapy yields higher on-treatment rates of viral 
suppression, this advantage is not sustained after therapy discon- 
tinuation.'°!'°!°° Current studies are assessing the possibil- 
ity of tipping the balance toward immune control in long-term 
nucleos(t)ide analogue treatment by adding on PEG-IFN therapy. 


Safety 


PEG-IFN therapy is associated with considerable side effects 
(Table 33-4). The most frequently reported are flulike syndrome, 
myalgia, headache, fatigue, and local reactions at the site of injec- 
tion.'°”'!°' Hepatitis flares may occur that can result in decom- 
pensation of liver disease, and PEG-IFN therapy is therefore 
contraindicated in patients with decompensated cirrhosis." 
PEG-IFN treatment is also associated with mild myelosuppression, 


WAS Treatment Options for Antiviral Resistance 
ZIE to Nucleos(t)ide Analogs 


Antiviral resistance Switch Add strategy: two drugs without 
strategy cross-resistance 
Lamivudine Tenofovir Continue with lamivudine ; add 
resistance tenofovir (or alternatively 
emtricitabine-tenofovir) 
Telbivudine Tenofovir Continue with telbivudine; add 
resistance tenofovir (or alternatively 
emtricitabine-tenofovir) 
Adefovir resistance Entecavir Continue with adefovir; add 
entecavir 
Entecavir resistance Tenofovir Continue with entecavir; add 
tenofovir (or alternatively 
emtricitabine-tenofovir) 
Multidrug resistance — Tenofovir Combined tenofovir and entecavir 


but PEG-IFN-induced neutropenia and thrombocytopenia are 
usually well managed by dose reduction and only rarely result in 
clinically significant infection or bleeding in the CHB popula- 
tion.” Two years of PEG-IFN therapy presumably has a safety 
profile comparable to that of 1 year of treatment.” Use of the 
combination of PEG-IFN and telbivudine is contraindicated 
because of a high risk of neuropathy. 


Monitoring During Treatment 


Current guidelines suggest that during NUC treatment, HBV 
DNA levels should be monitored every 3 months until HBV 
DNA is undetectable, and then every 3 months to 6 months to 
detect persistent viremia or virologic breakthrough.”*” Additional 
monitoring during NUC therapy regarding safety is detailed in 
Table 33-2. 

Persistent viremia despite TDF or entecavir monotherapy is 
defined as a plateau in the decline of HBV levels and/or failure 
to achieve undetectable HBV DNA after 96 weeks of treatment. 
This accounts for approximately 20% to 30% of HBeAg-positive 
patients and 10% of HBeAg-negative HBV patients treated with 
TDF or entecavir monotherapy.” Counseling patients about 
medication adherence is important. Still, most patients will 
achieve undetectable HBV DNA with continued TDF or enteca- 
vir treatment, and there is no need to change treatment.” 

Antiviral drug resistance is rare in the era of TDF and enteca- 
vir, and most virologic breakthroughs are related to nonadherence. 
Nevertheless, every patient treated with NUCs who experiences a 
virologic breakthrough should be tested for drug resistance. In the 
case of resistance, treatment should be changed. One can either 
switch to another antiviral monotherapy with a high barrier to 
resistance or add a second antiviral drug that lacks cross-resistance. 
Table 33-5 demonstrates the options for management of antiviral 
resistance. 


New Treatments 


Current therapy infrequently leads to a functional cure, defined 
as HBsAg loss, in CHB because of the inability to disrupt cova- 
lently closed circular DNA and an ineffective host immune 


response. Several antiviral agents targeting different stages of the 
HBV lifecycle are currently in the early stages of development. 
These include HBV entry inhibitors,” agents targeting the exist- 
ing covalently closed circular DNA pool, such as lymphotoxin B 
receptor agonists or the clustered regularly interspaced short pal- 
indromic repeats (CRISPR)—CRISPR-associated 9 (Cas9) system, 
which uses a target RNA with sequence specificity for conserved 
regions to cleave the DNA at specific sites.'*° Other approaches 
use small interfering RNA that binds and inactivates host or viral 
messenger RNA preventing protein translation,” assembly inhib- 
itors that disrupt the HBV lifecycle by destabilizing the nucleo- 
capsid and/or by blocking RNA packaging,” and HBsAg release 
inhibitors'” (see Fig. 33-3). Improving the host immune response 
is an alternative strategy, yet so far only IFN- ha proved to be 
effective in patients with CHB. Clinical studies with a different 
class of IFN, PEG-IFN-A, were disappointing. '“° Other cytokine- 
based therapies are being evaluated. Toll-like receptor agonists, 
may show more promise, although their use may be limited 
because of IFN-like side effects.“ There is also continued interest 
in therapeutic vaccination; however, studies have shown relatively 
weak responses so far, and challenges with this strategy clearly 
remain.“ These new compounds will likely have to be used in 
combination to achieve functional cure of CHB. 

Probably only the development of new NUCs will influence 
daily clinical practice regarding HBV in the next few years. Teno- 
fovir alafenamide is a new prodrug of tenofovir approved for 
treatment of HIV infection and is expected to be approved for 
treatment of HBV infection soon. Tenofovir alafenamide delivers 
active drug to hepatocytes more efficiently than TDF and has a 
lower risk of causing bone and renal adverse effects.“ 


Management of Chronic Hepatitis B 
in Special Populations 


Human Immunodeficiency Virus Coinfection 


As HIV and HBV share similar transmission routes, HBV coin- 
fection is common among HIV patients. Overall, the prevalence 
of HIV-HBV coinfection is estimated to be 5% to 10%, but this 
varies substantially across geographic areas. The highest prevalence 
rates are observed in sub-Saharan Africa and Asia, where the primary 
transmission route is perinatally. In developed countries the presence 
of HIV-HBV coinfection is most common among men who have 
sex with men and injection drug users.'“* All HIV patients should 
be tested for HBV, and vice versa. HIV patients without CHB 
or immunity to HBV need be vaccinated. The magnitude and 
duration of immunogenicity to HBV vaccination in HIV-infected 
patients is, however, significantly lower than in HIV-seronegative 
adults.“ Among HIV patients, HBV coinfection has a significant 
effect on all-cause mortality and AIDS events.'*°'*” HIV coinfec- 
tion also accelerates liver disease progression compared with HBV 
monoinfection, and successful antiretroviral therapy slows down 
progression of liver fibrosis and decreases liver-related mortality. “° 
Guidelines recommend therefore the early initiation of HIV treat- 
ment in patients with HBV coinfection, and most recommend 
initiation of antiretroviral treatment in all patients coinfected with 
HBV and HIV regardless of the CD4 cell count or the need for 
HBV treatment.“ The treatment regimen should include two 
drugs active against HBV, preferably TDF and emtricitabine (or 
lamivudine). As most drugs active against HBV also have some 
activity against HIV, drug-resistant HIV variants can be induced 
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in the recipient if only the hepatitis HBV infection is treated. 
PEG-IFN therapy might be considered in patients who do not 
want to start antiretroviral therapy, yet lower response rates are 
reported than in patients with HBV monoinfection.'”' Long-term 
follow-up studies demonstrate that treatment regimens including 
TDF and emtricitabine (or lamivudine) are effective, and in one 
study, 88% of patients achieved undetectable HBV DNA levels 
during 56 months of follow-up; most patients had achieved unde- 


tectable HBV DNA by 36 months.” 


Acute Hepatitis B 


In most developed countries a decline in the incidence of acute 
hepatitis B has been reported.'”* Clearance rates in healthy adults 
are believed to be at least 90%, with considerably higher rates 
in patients who develop an icteric episode. Acute hepatitis B is, 
however, still a cause of death: 1% to 2% of individuals develop 
a fulminant course,” which may lead to acute liver failure and 
the need for liver transplantation. Higher mortality rates are 
reported for hospitalized patients.” Treatment of acute hepatitis 
B is mainly supportive. A benefit of antiviral therapy is suggested 
by the available studies. In the only randomized clinical trial 
performed (in a country where liver transplantation was not an 
option), patients with acute hepatitis B and a serum bilirubin 
level greater than 5 mg/dL were randomized to either lamivu- 
dine or placebo treatment. Although lamivudine caused a greater 
decrease in the levels of HBV DNA, it did not cause a significantly 
greater biochemical and clinical improvement as compared with 
placebo.” However, several case series support the use of lamivu- 
dine and suggest lower mortality rates in patients with fulminant 
hepatitis B compared with historical controls who did not receive 
antiviral therapy.'”’ Clearly, in patients who are listed for liver 
transplantation, NUC therapy should be started to prevent post- 
transplant HBV recurrence. 


Pregnancy 


Treatment of HBV-infected women with childbearing potential 
requires a patient-tailored approach.'” It mainly concerns evalu- 
ation of the expected benefits and risks of antiviral therapy during 
pregnancy, for which the health of the mother and fetus should 
both be considered. In general, CHB does not affect the preg- 
nancy outcome.'” Vice versa, pregnancy is uneventful in most 
women with CHB who do not have advanced liver disease, 
although a mild postpartum hepatitis flare is described in approxi- 
mately one third of patients.'””'®? The indications for antiviral 
therapy are the same as for those who do not have childbearing 
potential. However, in patients with only mild liver disease, treat- 
ment may be deferred until completion of the family. Further- 
more, treatment with PEG-IFN can be considered before 
pregnancy as well because of its finite duration. In patients with 
advanced liver disease and who are not good candidates for 
PEG-IFN therapy, antiviral therapy with a NUC should be 
started. Observational studies, performed mainly in HIV-infected 
patients, suggest that treatment with lamivudine or TDF is safe 
during all trimesters of pregnancy, and is not associated with 
major birth defects.'°' Therefore, in women of childbearing age 
with advanced HBV-related liver disease, TDF therapy is the first- 
line option, and does not need to be stopped in the case of preg- 
nancy. Treatment with PEG-IFN is contraindicated during 
pregnancy. Breast-feeding seems to be safe as well, although low 
levels of TDF can be measured in breast milk. 


SRONA Specific Diseases 


Pregnant women with HBV infection 


J 


1st trimester: assess HBV 
replication and liver disease 


Active disease/advanced 
> fibrosis: consider initiating 
treatment with tenofovir 


J 


End of 2nd trimester: quantitative 
HBV DNA and ALT levels 


—H11—, 


| HBV DNA < 200,000 


HBV DNA > 200,000 


IU/mL IU/mL 
Monitor; Consider initiating treatment with tenofovir, 


infant receives HBIG 


lamivudine, or telbivudine at 28-32 wk 


+ vaccine at birth 


l 


Infant receives HBIG 


+ vaccine at birth 


e Fig. 33-9 Algorithm for hepatitis B virus (HBV) management in women during pregnancy. ALT, 
Alanine aminotransferase; HBIG, hepatitis B immune globulin. 


Another indication for antiviral therapy during pregnancy is 
to decrease the risk of perinatal transmission (Fig. 33-9). Vertical 
transmission is responsible for approximately half of chronic HBV 
infections worldwide. In HBV-endemic areas, perinatal transmis- 
sion occurs in 70% to 90% of children born to HBeAg-positive 
mothers in the absence of HBV prophylaxis of the infant. More- 
over, progression to CHB occurs in 90% of those infected at 
birth.'® All pregnant women should therefore be screened for the 
presence of HBV. The combination of administration of hepatitis 
B immune globulin and active vaccination within 12 hours of 
birth has substantially reduced transmission rates from more than 
90% to less than 10%.'™ Still, in children born to highly viremic 
mothers (>10’ IU/mL), a transmission risk of approximately 10% 
remains." Prophylactic treatment with NUCs can further 
reduce the risk in this subgroup, as has been demonstrated in 
several observational studies using lamivudine, telbivudine, or 
TDF in the third trimester of pregnancy.'®'®*'”” Therefore in all 
HBV-infected pregnant women, serum HBV DNA levels should 
be determined at week 28 to week 32 of gestation, and antiviral 
therapy should be initiated if the HBV viral load is above 
200,000 IU/mL.” Treatment can be safely stopped after delivery 
in mothers without an indication for treatment. Finally, transmis- 
sion following amniocentesis has been described but the risk 
appears very low.'” There are no studies with sufficient power 
available to recommend routine cesarean delivery to decrease the 
risk of perinatal transmission.” 


Immune Suppression 


Reactivation of HBV may occur in the context of chemotherapy, 
and is described for a wide variety of immunosuppressive agents 
for the treatment of autoimmune disease and after transplant.’ 
The precise mechanism by which HBV reactivates is unclear. It 
is, however, known that even in patients who recovered from 
hepatitis B (seropositivity for hepatitis B core antibody [anti-HBc] 
without detectable HBsAg), small amounts of HBV DNA can be 
detected in the liver. HBV therefore has the possibility to reacti- 
vate if immune control is lost after the initiation of immunosup- 
pressive therapy. Reactivation is defined by an abrupt rise in viral 
replication, often followed by elevations in serum aminotransfer- 
ase levels, and sometimes jaundice. Reactivation can even result 


in acute liver failure and death, and the overall mortality among 
those with HBV reactivation has been described as being up to 
20%.'” The risks of reactivation differ for specific types of immu- 
nosuppressive agents and baseline HBsAg and anti-HBc status. 
Reactivation occurs in approximately 50% of HBsAg-positive 
patients yet HBV reactivation develops rarely patients who have 
recovered from hepatitis B (anti-HBc positive without HBsAg).'”° 
Hematopoietic stem cell transplant and monoclonal antibodies 
against CD20 are associated with high risks of reactivation, even 
in patients who have recovered from hepatitis B.'””'’' In 2013 the 
Food and Drug Administration issued a Drug Safety Communi- 
cation that included several recommendations to decrease the risk 
of HBV reactivation with the use of rituximab and ofatumumab. 
In contrast, reactivation of HBV is hardly observed in patients 
treated with weak immunosuppressive agents, such as azathio- 
prine or methotrexate, and is low to moderate in patients treated 
with anti-tumor necrosis factor.'”* All patients should be screened 
for HBV before the initiation of immunosuppressive therapy. In 
HBsAg-positive patients, antiviral therapy with a NUC should be 
started and continued until at least 6 months to 12 months after 
completion of immunosuppressive therapy”’'”'”” (Fig. 33-10). A 
systematic review demonstrated that prophylactic treatment with 
lamivudine in HBsAg-positive patients who received chemother- 
apy decreased reactivation and subsequent hepatitis by 80% to 
100% and eliminated HBV-related liver failure.!”° Entecavir 
reduces the risk of HBV reactivation even further.'’' Only in HBV 
patients treated with traditional immunosuppressive agents (aza- 
thioprine, 6-mercaptopurine, methotrexate) or corticosteroids for 
less than 1 week is monitoring the preferred strategy.'® The rec- 
ommendations for patients who have recovered from hepatitis B 
are less clear, yet a recent American Gastroenterological Associa- 
tion guideline on this subject favors prophylactic antiviral treat- 
ment in the case of hematopoietic stem cell transplant or treatment 
with anti-CD20 antibodies.'*° In a randomized clinical trial in 
HBsAg-negative, anti-HBc-positive patients receiving chemo- 
therapy that included an anti-CD20 agent, prophylactic treat- 
ment with entecavir resulted in decreased reactivation rates (18% 
vs. 2%).'*' Antiviral prophylaxis should also be strongly consid- 
ered in patients who have recovered from hepatitis B treated 
with anthracycline derivatives or moderate-dose corticosteroids 
(>10 mg prednisone daily or equivalent) for more than 4 weeks.'*” 


Vaccination 


Vaccination is the most effective means of prevention of acute 
hepatitis B and CHB. Soon after the discovery of HBV in the 
form of the Australia antigen, anti-HBs antibodies were found to 
signify resolution of HBV infection. The use of HBsAg exposure 
as a means to induce an immune response emerged soon after- 
ward. Early vaccines used in the 1980s applied purified HBsAg 
from HBV carriers. These vaccines may still be used today but 


Preemptive therapy should be 
considered irrespective of 
HBV DNA levels in rituximab- 
treated patients and patients 
receiving bone marrow 
transplantation. 
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mo after completion of immunosuppressive therapy 


e Fig. 33-10 Recommendations for the treatment of patients receiving 
immunosuppression or chemotherapy. Anti-HBc, Hepatitis B core anti- 
body; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus. 
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concerns over the safety of these products prompted the develop- 
ment of recombinant HBV vaccines in subsequent years.'®? 
Vaccine-induced anti-HBs titers are considered protective at a 
concentration of more than 10 mIU/mL, and after three doses 
these can be achieved in 95% to 100% of immune-competent 
vaccinees. ™ The anti-HBs titers achieved with vaccination decline 
over time, and a considerable number of people (up to 50%) have 
low or undetectable levels at 15 years after vaccination. The clini- 
cal significance of this finding remains uncertain because break- 
through infection is extremely rare through 20 years of follow-up 
after vaccination.'** The administration of boosters is therefore 
currently not recommended. 

The clinical efficacy of widespread vaccination is most easily 
quantified by a reduction in the incidence of the sequelae of HBV 
infection, such as HCC. Taiwan initiated a universal vaccination 
program in 1984,'” and 10 years after implementation, the inci- 
dence of HCC among vaccinated children aged 6 years to 14 years 
declined from 0.70 per 100,000 to 0.36 per 100,000.’ This risk 
reduction was sustained through a prolonged 20-year follow-up. '* 
Various studies conducted in high-prevalence areas have con- 
firmed the clinical efficacy of HBV vaccination.'”” 

Many countries have adopted a universal vaccination strategy, 
although some countries have been reluctant (Fig. 33-11). Specific 
subgroups in which vaccination is highly recommended are 
groups at high risk of contracting HBV infection; for example, 
through sexual exposure or through injection drug use, but also 
household contacts of CHB patients, cognitively disabled people 
living in long-term care facilities, people at risk through occupa- 
tional exposure, hemodialysis patients, and those traveling to 
endemic regions. Vaccination is also recommended for patients at 


e Fig. 33-11 Global HBV vaccination coverage in 2014. 
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high risk of sequelae of (acute) HBV infection (patients with liver 
disease, patients undergoing immunosuppression, those with HIV 
infection). 


Conclusion 


Vaccination is the most effective means of prevention of CHB, 
and a global vaccination strategy should be adopted, as recom- 
mended by the World Health Organization in 1992. Highly effec- 
tive oral antiviral therapy (i.e., TDF or entecavir) is available for 
the treatment of CHB. In nearly all treated patients complete viral 
suppression can be achieved, which leads to regression of fibrosis 
and cirrhosis and decreases complications of chronic liver disease, 
such as HCC. Long-term treatment is, however, needed in most 
patients. With use of baseline and on-treatment predictors, a small 
subset of patients can be identified who still benefit from treat- 
ment with PEG-IFN. Future treatment goals will be increasingly 
focused on HBsAg loss, which is still regarded as the best end 
point to indicate functional cure of CHB without a further need 
for antiviral therapy. Probably only the development of new thera- 
peutic agents will achieve substantial progress on this matter. In 
patients coinfected with HIV and HBV, early initiation of highly 
active antiretroviral therapy is recommended because of its excel- 
lent long-term outcomes. Treatment of acute hepatitis B is still 
supportive, and the role of antiviral therapy is uncertain for most 
cases. During pregnancy TDF can be safely used if needed, and 
in resource-constrained settings lamivudine or telbivudine could 
be considered if TDF is not available. Active and passive immu- 
nization of the newborn in combination with prophylactic anti- 
viral treatment of highly viremic mothers during the third 
trimester has substantially reduced vertical transmission rates. In 
general, all patients should be screened for HBV before the initia- 
tion of immunosuppressive therapy or chemotherapy, and in most 


HBsAg-positive patients TDF or entecavir monotherapy should 
be started to prevent HBV reactivation. Even in patients who have 
recovered from hepatitis B, anti-CD20 and hematopoietic stem 
cell transplant may induce HBV reactivation, and prophylactic 
antiviral therapy should be started. 


SUMMARY 


Recent Progress 

e Highly effective oral antiviral therapy (i.e., tenofovir or entecavir) is 
available for the treatment of CHB. 

e In nearly all treated patients complete viral suppression can be 
achieved, which leads to regression of fibrosis and cirrhosis and 
decreases complications of chronic liver disease. 


Key Knowledge Gaps 

e  Risk-benefit of antiviral therapy in patients with CHB in the 
immunotolerant phase, and in patients with a low level of HBV and 
mildly elevated ALT levels 

e Achievement of sustained off-treatment remission after HBeAg 
seroconversion using NUCs 

e Long-term benefit and safety of NUC treatment in patients with CHB 

e How to achieve functional cure in CHB 


Future Directions 

e To achieve a better global coverage of usage of the hepatitis B vaccine 

e To eliminate underdiagnosis and undertreatment of CHB 

e To investigate new treatment strategies to eradicate covalently closed 
circular DNA and to achieve functional cure 


References 


The complete reference list is available at www.expertconsult.com 


References 


1. 


2. 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19, 


20. 


21. 


Trepo C, Chan HL, Lok A: Hepatitis B virus infection. Lancet 
384(9959):2053-2063, 2014. 

Alter H: Baruch Blumberg (1925-2011). Nature 473(7346):155, 
2011. 


. Chang MH, Chen CJ, Lai MS, et al: Universal hepatitis B vaccina- 


tion in Taiwan and the incidence of hepatocellular carcinoma in 


children. N Engl J Med 336(26):1855-1859, 1997. 


. World Health Organization: Immunization coverage. (Updated 


April 28 2015). Available from: <http://www.who.int/mediacentre/ 
factsheets/fs378/en/>. 


. Thomas D, Zoulim F: New challenges in viral hepatitis. Gut 


61 (Suppl 1):i1-i5, 2012. 


. Liaw YE, Sung JJ, Chow WC, et al: Lamivudine for patients with 


chronic hepatitis B and advanced liver disease. N Engl J Med 
351(15):1521-1531, 2004. 


. Niederau C, Heintges T, Lange S, et al: Long-term follow-up of 


HBeAg-positive patients treated with interferon alfa for chronic 


hepatitis B. N Engl J Med 334(22):1422-1427, 1996. 


. Hui CK, Leung N, Yuen ST, et al: Natural history and disease 


progression in Chinese chronic hepatitis B patients in immune- 


tolerant phase. Hepatology 46(2):395—401, 2007. 


. Fattovich G, Bortolotti F, Donato F: Natural history of chronic 


hepatitis B: special emphasis on disease progression and prognostic 
factors. J Hepatol 48(2):335-352, 2008. 

Lok AS, Lai CL, Wu PC, et al: Spontaneous hepatitis B e antigen 
to antibody seroconversion and reversion in Chinese patients with 
chronic hepatitis B virus infection. Gastroenterology 92(6):1839- 
1843, 1987. 

Liaw YF, Chu CM, Su JJ, et al: Clinical and histological events 
preceding hepatitis B e antigen seroconversion in chronic type B 
hepatitis. Gastroenterology 84(2):216-219, 1983. 

Nagaoka S, Abiru S, Komori A, et al: Hepatic flares promote rapid 
decline of serum hepatitis B surface antigen (HBsAg) in patients 
with HBsAg seroclearance: a long-term follow-up study. Hepatol 
Res 46(3):E89-E99, 2016. 

Nguyen K, Pan C, Xia V, et al: Clinical course of chronic hepatitis 
B (CHB) presented with normal ALT in Asian American patients. 
J Viral Hepat 22(10):809-816, 2015. 

Mels GC, Bellati G, Leandro G, et al: Fluctuations in viremia, 
aminotransferases and IgM antibody to hepatitis B core antigen in 
chronic hepatitis B patients with disease exacerbations. Liver 
14(4):175-181, 1994. 

Sonneveld MJ, Zoutendijk R, Flink HJ, et al: Close monitoring of 
hepatitis B surface antigen levels helps classify flares during pegin- 
terferon therapy and predicts treatment response. Clin Infect Dis 
56(1):100-105, 2013. 

Brouwer WP, Xie Q, Sonneveld MJ, et al: Adding pegylated inter- 
feron to entecavir for hepatitis B e antigen-positive chronic hepa- 
titis B: A multicenter randomized trial (ARES study). Hepatology 
61(5):1512-1522, 2015. 

Zacharakis GH, Koskinas J, Kotsiou S, et al: Natural history of 
chronic HBV infection: a cohort study with up to 12 years 
follow-up in north Greece (part of the Interreg I-II/EC-project). 
J Med Virol 77(2):173-179, 2005. 

Chu CM, Liaw YF: HBsAg seroclearance in asymptomatic carriers 
of high endemic areas: appreciably high rates during a long-term 
follow-up. Hepatology 45(5):1187-1192, 2007. 

Hsu YS, Chien RN, Yeh CT, et al: Long-term outcome after spon- 
taneous HBeAg seroconversion in patients with chronic hepatitis 
B. Hepatology 35(6):1522-1527, 2002. 

Choi JW, Ahn SH, Park JY, et al: Hepatitis B e antigen-negative 
mutations in the precore and core promoter regions in Korean 
patients. J Med Virol 81(4):594-601, 2009. 

Sonneveld MJ, Rijckborst V, Zeuzem S, et al: Presence of precore 
and core promoter mutants limits the probability of response to 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


29, 


30. 


31. 


32. 


33. 


34. 


35. 


36. 


37 


38. 


39. 


40. 


CHAPTER 33 Treatment of Hepatitis B 


peginterferon in hepatitis B e antigen-positive chronic hepatitis B. 
Hepatology 56(1):67—75, 2012. 

Chen CJ, Yang HI, Su J, et al: Risk of hepatocellular carcinoma 
across a biological gradient of serum hepatitis B virus DNA level. 
JAMA 295(1):65-73, 2006. 

de Jongh FE, Janssen HL, de Man RA, et al: Survival and prog- 
nostic indicators in hepatitis B surface antigen-positive cirrhosis of 
the liver. Gastroenterology 103(5):1630-1635, 1992. 

European Association for the Study of the Liver: EASL clinical 
practice guidelines: Management of chronic hepatitis B virus infec- 
tion. J Hepatol 57(1):167-185, 2012. 

Terrault NA, Bzowej NH, Chang KM, et al: AASLD guidelines 
for treatment of chronic hepatitis B. Hepatology 63(1):261-283, 
2016. 

Seeger C, Mason WS: Molecular biology of hepatitis B virus infec- 
tion. Virology 479-480:672-686, 2015. 

Perrillo RP: Therapy of hepatitis B — viral suppression or eradica- 
tion? Hepatology 43(2 Suppl 1):S182-S193, 2006. 

van Zonneveld M, Honkoop P Hansen BE, et al: Long-term 
follow-up of alpha-interferon treatment of patients with chronic 
hepatitis B. Hepatology 39(3):804—-810, 2004. 

Zoulim F, Perrillo R, Hepatitis B: reflections on the current 
approach to antiviral therapy. J Hepatol 48(Suppl 1):S2-S19, 
2008. 

Moucari R, Korevaar A, Lada O, et al: High rates of HBsAg sero- 
conversion in HBeAg-positive chronic hepatitis B patients respond- 
ing to interferon: a long-term follow-up study. J Hepatol 50(6): 
1084-1092, 2009. 

Zoutendijk R, Reijnders JG, Brown A, et al: Entecavir treatment 
for chronic hepatitis B: adaptation is not needed for the majority 
of naive patients with a partial virological response. Hepatology 
54(2):443-451, 2011. 

Reijnders JG, Perquin MJ, Zhang N, et al: Nucleos(t)ide analogues 
only induce temporary hepatitis B e antigen seroconversion in most 
patients with chronic hepatitis B. Gastroenterology 139(2):491- 
498, 2010. 

Gish R, Jia JD, Locarnini S, Zoulim F: Selection of chronic hepa- 
titis B therapy with high barrier to resistance. Lancet Infect Dis 
12(4):341-353, 2012. 

Balzarini J, Holy A, Jindrich J, et al: Differential antiherpesvirus 
and antiretrovirus effects of the (S) and (R) enantiomers of acyclic 
nucleoside phosphonates: potent and selective in vitro and in vivo 
antiretrovirus activities of (R)-9-(2-phosphonomethoxypropyl)- 
2,6-diaminopurine. Antimicrob Agents Chemother 37(2):332-338, 
1993. 

Nelson M, Portsmouth S, Stebbing J, et al: An open-label study of 
tenofovir in HIV-1 and hepatitis B virus co-infected individuals. 
AIDS 17(1):F7-F10, 2003. 

de Vries-Sluijs TE, Reijnders JG, Hansen BE, et al: Long-term 
therapy with tenofovir is effective for patients co-infected with 
human immunodeficiency virus and hepatitis B virus. Gastroenter- 
ology 139(6):1934-1941, 2010. 

Marcellin P, Heathcote EJ, Buti M, et al: Tenofovir disoproxil 
fumarate versus adefovir dipivoxil for chronic hepatitis B. N Engl 
J Med 359(23):2442-2455, 2008. 

Marcellin P, Gane E, Buti M, et al: Regression of cirrhosis during 
treatment with tenofovir disoproxil fumarate for chronic hepatitis 
B: a 5-year open-label follow-up study. Lancet 381(9865):468— 
475, 2013. 

Fung S, Kwan P, Fabri M, et al: Randomized comparison of teno- 
fovir disoproxil fumarate vs emtricitabine and tenofovir disoproxil 
fumarate in patients with lamivudine-resistant chronic hepatitis B. 
Gastroenterology 146(4):980—988, 2014. 

Berg T, Marcellin P, Zoulim F, et al: Tenofovir is effective alone or 
with emtricitabine in adefovir-treated patients with chronic- 
hepatitis B virus infection. Gastroenterology 139(4):1207-1217, 
2010. 


500.e2 


ál. 


42. 


43. 


44. 


45. 


46. 


47. 


48. 


49. 


50. 


51. 


52. 


D3: 


54. 


55. 


56. 


I: 


58. 


59. 


60. 


SZARON Specific Diseases 


Lim YS, Byun KS, Yoo BC, et al: Tenofovir monotherapy versus 
tenofovir and entecavir combination therapy in patients with 
entecavir-resistant chronic hepatitis B with multiple drug failure: 
results of a randomised trial. Gut 65(5):852—860, 2016. 

van Bommel F, de Man RA, Wedemeyer H, et al: Long-term effi- 
cacy of tenofovir monotherapy for hepatitis B virus-monoinfected 
patients after failure of nucleoside/nucleotide analogues. Hepatol- 
ogy 51(1):73-80, 2010. 

Petersen J, Heyne R, Mauss S, et al: Effectiveness and safety of 
tenofovir disoproxil fumarate in chronic hepatitis B: a 3-year pro- 
spective field practice study in Germany. Dig Dis Sci 2015. 
doi:10.1007/s10620-015-3960-x. 

Snow-Lampart A, Chappell B, Curtis M, et al: No resistance to 
tenofovir disoproxil fumarate detected after up to 144 weeks of 
therapy in patients monoinfected with chronic hepatitis B virus. 
Hepatology 53(3):763-773, 2011. 

Buti M, Tsai N, Petersen J, et al: Seven-year efficacy and safety of 
treatment with tenofovir disoproxil fumarate for chronic hepatitis 
B virus infection. Dig Dis Sci 60(5):1457-1464, 2015. 

Sheldon J, Camino N, Rodes B, et al: Selection of hepatitis B virus 
polymerase mutations in HIV-coinfected patients treated with 
tenofovir. Antivir Ther 10(6):727-734, 2005. 

Delaney WE, 4th, Ray AS, Yang H, et al: Intracellular metabolism 
and in vitro activity of tenofovir against hepatitis B virus. Antimi- 
crob Agents Chemother 50(7):247 1-2477, 2006. 

Brunelle MN, Jacquard AC, Pichoud C, et al: Susceptibility to 
antivirals of a human HBV strain with mutations conferring resis- 
tance to both lamivudine and adefovir. Hepatology 41(6):1391- 
1398, 2005. 

Qi X, Xiong S, Yang H, et al: In vitro susceptibility of adefovir- 
associated hepatitis B virus polymerase mutations to other antiviral 
agents. Antivir Ther 12(3):355—362, 2007. 

Villet S, Pichoud C, Villeneuve JP, et al: Selection of a multiple 
drug-resistant hepatitis B virus strain in a liver-transplanted patient. 
Gastroenterology 131(4):1253-1261, 2006. 

Hall AM: Update on tenofovir toxicity in the kidney. Pediatr 
Nephrol 28(7):1011-1023, 2013. 

Labarga P, Barreiro P, Martin-Carbonero L, et al: Kidney tubular 
abnormalities in the absence of impaired glomerular function in 
HIV patients treated with tenofovir. AIDS 23(6):689-696, 
2009. 

Nelson MR, Katlama C, Montaner JS, et al: The safety of tenofovir 
disoproxil fumarate for the treatment of HIV infection in adults: 
the first 4 years. AIDS 21(10):1273-1281, 2007. 

Flandre P, Pugliese P, Cuzin L, et al: Risk factors of chronic kidney 
disease in HIV-infected patients. Clin J Am Soc Nephrol 6(7):1700- 
1707, 2011. 

Scherzer R, Estrella M, Li Y, et al: Association of tenofovir exposure 
with kidney disease risk in HIV infection. AZDS 26(7):867-875, 
2012. 

Gallant JE, Parish MA, Keruly JC, Moore RD: Changes in renal 
function associated with tenofovir disoproxil fumarate treatment, 
compared with nucleoside reverse-transcriptase inhibitor treat- 
ment. Clin Infect Dis 40(8):1194-1198, 2005. 

Vrouenraets SM, Fux CA, Wit FW, et al: Persistent decline in 
estimated but not measured glomerular filtration rate on tenofovir 
may reflect tubular rather than glomerular toxicity. AIDS 25(17): 
2149-2155, 2011. 

Hwang HS, Park CW, Song MJ: Tenofovir-associated Fanconi syn- 
drome and nephrotic syndrome in a patient with chronic hepatitis 
B monoinfection. Hepatology 62(4):1318-1320, 2015. 

Vigano M, Brocchieri A, Spinetti A, et al: Tenofovir-induced 
Fanconi syndrome in chronic hepatitis B monoinfected patients 
that reverted after tenofovir withdrawal. J Clin Virol 61(4):600- 
603, 2014. 

Woodward CL, Hall AM, Williams IG, et al: Tenofovir-associated 
renal and bone toxicity. HIV Med 10(8):482-487, 2009. 


61. 


62. 


63. 


64. 


65. 


66. 


67. 


68. 


69. 


70. 


71. 


72. 


73. 


74. 


75. 


76. 


TT: 


78. 


79. 


Wong GL, Tse YK, Wong VW, et al: Long-term safety of oral 
nucleos(t)ide analogs for patients with chronic hepatitis B: a cohort 
study of 53,500 subjects. Hepatology 62(3):684-693, 2015. 

Buti M, Gane E, Seto WK, et al: A phase 3 study of tenofovir 
alafenamide compared with tenofovir disoproxil fumarate in 
patients with HBeAg-negative, chronic hepatitis B: week 48 effi- 
cacy and safety results. The International Liver Congress, Barce- 
lona, 13-17 April 2016. 

Jain MK, Zoellner CL: Entecavir can select for M184V of HIV-1: 
a case of an HIV/hepatitis B (HBV) naive patient treated for 
chronic HBV. AIDS 21(17):2365—2366, 2007. 

Chang TT, Gish RG, de Man R, et al: A comparison of entecavir 
and lamivudine for HBeAg-positive chronic hepatitis B. N Engl J 
Med 354(10):1001—1010, 2006. 

Chang TT, Lai CL, Kew Yoon S, et al: Entecavir treatment for up 
to 5 years in patients with hepatitis B e antigen-positive chronic 
hepatitis B. Hepatology 51(2):422-430, 2010. 

Chang TT, Liaw YF, Wu SS, et al: Long-term entecavir therapy 
results in the reversal of fibrosis/cirrhosis and continued histologi- 
cal improvement in patients with chronic hepatitis B. Hepatology 
52(3):886-893, 2010. 

Lai CL, Shouval D, Lok AS, et al: Entecavir versus lamivudine for 
patients with HBeAg-negative chronic hepatitis B. N Engl J Med 
354(10):1011—1020, 2006. 

Yuen MF, Seto WK, Fung J, et al: Three years of continuous ente- 
cavir therapy in treatment-naive chronic hepatitis B patients: viral 
suppression, viral resistance, and clinical safety. Am J Gastroenterol 
106(7):1264-1271, 2011. 

Sherman M, Yurdaydin C, Sollano J, et al: Entecavir for treatment 
of lamivudine-refractory, HBeAg-positive chronic hepatitis B. Gas- 
troenterology 130(7):2039-2049, 2006. 

Suzuki Y, Suzuki F, Kawamura Y, et al: Efficacy of entecavir treat- 
ment for lamivudine-resistant hepatitis B over 3 years: histological 
improvement or entecavir resistance? J Gastroenterol Hepatol 
24(3):429-435, 2009. 

Yim HJ, Seo YS, Yoon EL, et al: Adding adefovir vs. switching to 
entecavir for lamivudine-resistant chronic hepatitis B (ACE study): 
a 2-year follow-up randomized controlled trial. Liver Int 33(2):244— 
254, 2013. 

Reijnders JG, Deterding K, Petersen J, et al: Antiviral effect of 
entecavir in chronic hepatitis B: influence of prior exposure to 
nucleos(t)ide analogues. J Hepatol 52(4):493-500, 2010. 
Reijnders JG, Pas SD, Schutten M, et al: Entecavir shows limited 
efficacy in HBeAg-positive hepatitis B patients with a partial viro- 
logic response to adefovir therapy. J Hepatol 50(4):674—-683, 2009. 
Tenney DJ, Rose RE, Baldick CJ, et al: Long-term monitoring 
shows hepatitis B virus resistance to entecavir in nucleoside-naive 
patients is rare through 5 years of therapy. Hepatology 49(5):1503- 
1514, 2009. 

Hayashi S, Murakami S, Omagari K, et al: Characterization of 
novel entecavir resistance mutations. / Hepatol 63(3):546-553, 
2015. 

Lange CM, Bojunga J, Hofmann WP, et al: Severe lactic acidosis 
during treatment of chronic hepatitis B with entecavir in patients 
with impaired liver function. Hepatology 50(6):2001—2006, 
2009. 

Liaw YF, Sheen IS, Lee CM, et al: Tenofovir disoproxil fumarate 
(TDF), emtricitabine/TDE, and entecavir in patients with decom- 
pensated chronic hepatitis B liver disease. Hepatology 53(1):62-72, 
2011. 

Lok AS, Lai CL, Leung N, et al: Long-term safety of lamivudine 
treatment in patients with chronic hepatitis B. Gastroenterology 
125(6):1714-1722, 2003. 

Liaw YF, Raptopoulou-Gigi M, Cheinquer H, et al: Efficacy and 
safety of entecavir versus adefovir in chronic hepatitis B patients 
with hepatic decompensation: a randomized, open-label study. 
Hepatology 54(1):91-100, 2011. 


80. 


81. 


82. 


83. 


84. 


85. 


86. 


87. 


88. 


89. 


90. 


91. 


92, 


93. 


94. 


95. 


96. 


97. 


98. 


99. 


Leung N, Peng CY, Hann HW, et al: Early hepatitis B virus DNA 
reduction in hepatitis B e antigen-positive patients with chronic 
hepatitis B: A randomized international study of entecavir versus 
adefovir. Hepatology 49(1):72-79, 2009. 

Hadziyannis SJ, Tassopoulos NC, Heathcote EJ, et al: Long-term 
therapy with adefovir dipivoxil for HBeAg-negative chronic hepa- 
titis B for up to 5 years. Gastroenterology 131(6):1743-1751, 2006. 
Low E, Cox A, Atkins M, Nelson M: Telbivudine has activity 
against HIV-1. AIDS 23(4):546-547, 2009. 

van Maarseveen NM, Wensing AM, de Jong D, et al: Telbivudine 
exerts no antiviral activity against HIV-1 in vitro and in humans. 
Antivir Ther 16(7):1123-1130, 2011. 

Lai CL, Gane E, Liaw YF, et al: Telbivudine versus lamivudine in 
patients with chronic hepatitis B. N Engl J Med 357(25):2576- 
2588, 2007. 

Chan HL, Heathcote EJ, Marcellin P, et al: Treatment of hepatitis 
B e antigen positive chronic hepatitis with telbivudine or adefovir: 
a randomized trial. Ann Intern Med 147(11):745-754, 2007. 
Liaw YF, Gane E, Leung N, et al: 2-Year GLOBE trial results: 
telbivudine is superior to lamivudine in patients with chronic hepa- 
titis B. Gastroenterology 136(2):486-495, 2009. 

Chan HL, Shaikh J, Gupta S, Hamed K: Renal Function in 
nucleos(t)ide analog-treated patients with chronic hepatitis B: a 
systematic literature review and network meta-analysis. Adv Ther 
33(5):862-875, 2016. 

Lim YS, Han S, Heo NY, et al: Mortality, liver transplantation, and 
hepatocellular carcinoma among patients with chronic hepatitis B 
treated with entecavir vs lamivudine. Gastroenterology 147(1):152- 
161, 2014. 

Hosaka T, Suzuki F, Kobayashi M, et al: Long-term entecavir treat- 
ment reduces hepatocellular carcinoma incidence in patients with 
hepatitis B virus infection. Hepatology 58(1):98-107, 2013. 
Kumada T, Toyoda H, Tada T, et al: Effect of nucleos(t)ide analogue 
therapy on hepatocarcinogenesis in chronic hepatitis B patients: a 
propensity score analysis. J Hepatol 58(3):427—433, 2013. 

Wau CY, Lin JT, Ho HJ, et al: Association of nucleos(t)ide analogue 
therapy with reduced risk of hepatocellular carcinoma in patients 
with chronic hepatitis B: a nationwide cohort study. Gastroenterol- 
ogy 147(1):143-151.e5, 2014. 

Arends P, Sonneveld MJ, Zoutendijk R, et al: Entecavir treatment 
does not eliminate the risk of hepatocellular carcinoma in chronic 
hepatitis B: limited role for risk scores in Caucasians. Gut 
64(8):1289-1295, 2015. 

Papatheodoridis GV, Dalekos GN, Yurdaydin C, et al: Incidence 
and predictors of hepatocellular carcinoma in Caucasian chronic 
hepatitis B patients receiving entecavir or tenofovir. J Hepatol 
62(2):363—370, 2015. 

Yang HI, Yuen MF, Chan HL, et al: Risk estimation for hepatocel- 
lular carcinoma in chronic hepatitis B (REACH-B): development 
and validation of a predictive score. Lancet Oncol 12(6):568-574, 
2011. 

Wong VW, Chan SL, Mo F et al: Clinical scoring system to predict 
hepatocellular carcinoma in chronic hepatitis B carriers. J Clin 
Oncol 28(10):1660-1665, 2010. 

Yuen MF, Tanaka Y, Fong DY, et al: Independent risk factors and 
predictive score for the development of hepatocellular carcinoma 
in chronic hepatitis B. J Hepatol 50(1):80-88, 2009. 

Dienstag JL, Cianciara J, Karayalcin S, et al: Durability of serologic 
response after lamivudine treatment of chronic hepatitis B. Hepa- 
tology 37(4):748-755, 2003. 

Chaung KT, Ha NB, Trinh HN, et al: High frequency of recurrent 
viremia after hepatitis B e antigen seroconversion and consolidation 
therapy. J Clin Gastroenterol 46(10):865—870, 2012. 

Song BC, Suh DJ, Lee HC, et al: Hepatitis B e antigen seroconver- 
sion after lamivudine therapy is not durable in patients with 
chronic hepatitis B in Korea. Hepatology 32(4 Pt 1):803-806, 
2000. 


100. 


101. 


102. 


103. 


104. 


105. 


106. 


107. 


108. 


109. 


110. 


111. 


112. 


113. 


114. 


115. 


116. 


117. 


CHAPTER 33 Treatment of Hepatitis B 


Santantonio T, Mazzola M, Iacovazzi T, et al: Long-term follow-up 
of patients with anti- HBe/HBV DNA-positive chronic hepatitis B 
treated for 12 months with lamivudine. J Hepatol 32(2):300-306, 
2000. 

Fung SK, Wong F, Hussain M, Lok AS: Sustained response after a 
2-year course of lamivudine treatment of hepatitis B e antigen- 
negative chronic hepatitis B. J Viral Hepat 11(5):432-438, 
2004. 

Chan HL, Wang H, Niu J, et al: Two-year lamivudine treatment 
for hepatitis B e antigen-negative chronic hepatitis B: a double- 
blind, placebo-controlled trial. Antivir Ther 12(3):345-353, 2007. 
Jeng WJ, Sheen IS, Chen YC, et al: Offtherapy durability of 
response to entecavir therapy in hepatitis B e antigen-negative 
chronic hepatitis B patients. Hepatology 58(6):1888-1896, 
2013. 

Seto WK, Hui AJ, Wong VW, et al: Treatment cessation of ente- 
cavir in Asian patients with hepatitis B e antigen negative chronic 
hepatitis B: a multicentre prospective study. Gut 64(4):667-672, 
2015. 

Hadziyannis SJ, Sevastianos V, Rapti I, et al: Sustained responses 
and loss of HBsAg in HBeAg-negative patients with chronic hepa- 
titis B who stop long-term treatment with adefovir. Gastroenterology 
143(3):629-636.e1, 2012. 

Kittner JM, Sprinzl MF, Grambihler A, et al: Adding pegylated 
interferon to a current nucleos(t)ide therapy leads to HBsAg sero- 
conversion in a subgroup of patients with chronic hepatitis B. 
J Clin Virol 54(1):93-95, 2012. 

Locarnini S: Hepatitis B viral resistance: mechanisms and diagno- 
sis. J Hepatol 39(Suppl 1):$124—-S132, 2003. 

Wiersma ST, McMahon B, Pawlotsky JM, et al: Treatment of 
chronic hepatitis B virus infection in resource-constrained settings: 
expert panel consensus. Liver Int 31(6):755-761, 2011. 

Janssen HL, van Zonneveld M, Senturk H, et al: Pegylated inter- 
feron alfa-2b alone or in combination with lamivudine for HBeAg- 
positive chronic hepatitis B: a randomised trial. Lancet 365(9454): 
123-129, 2005. 

Lau GK, Piratvisuth T, Luo KX, et al: Peginterferon Alfa-2a, lami- 
vudine, and the combination for HBeAg-positive chronic hepatitis 
B. N Engl J Med 352(26):2682-2695, 2005. 

Sonneveld MJ, Hansen BE, Piratvisuth T, et al: Response-guided 
peginterferon therapy in hepatitis B e antigen-positive chronic 
hepatitis B using serum hepatitis B surface antigen levels. Hepatol- 
ogy 58(3):872-880, 2013. 

Buster EH, Flink HJ, Cakaloglu Y, et al: Sustained HBeAg and 
HBsAg loss after long-term follow-up of HBeAg-positive patients 
treated with peginterferon alpha-2b. Gastroenterology 135(2):459- 
467, 2008. 

Marcellin P, Ahn SH, Ma X, et al: Combination of tenofovir diso- 
proxil fumarate and peginterferon alpha-2a increases loss of hepa- 
titis B surface antigen in patients with chronic hepatitis B. 
Gastroenterology 150(1):134-144.e10, 2016. 

Sonneveld MJ, Brouwer WP, van der Meer AJ: Posttreatment hepa- 
titis B surface antigen seroreversion: the bane of combination 
therapy in chronic hepatitis B? Gastroenterology 150(5):1254-1255, 
2016. 

Marcellin P, Lau GK, Bonino F, et al: Peginterferon alfa-2a alone, 
lamivudine alone, and the two in combination in patients with 
HBeAg-negative chronic hepatitis B. N Engl J Med 351(12):1206- 
1217, 2004. 

Rijckborst V, ter Borg MJ, Cakaloglu Y, et al: A randomized trial 
of peginterferon alpha-2a with or without ribavirin for HBeAg- 
negative chronic hepatitis B. Am J Gastroenterol 105(8):1762-1769, 
2010. 

Marcellin P, Bonino F, Lau GK, et al: Sustained response of hepa- 
titis B e antigen-negative patients 3 years after treatment with 
peginterferon alpha-2a. Gastroenterology 136(7):2169-2179.e4, 
2009. 


ty ol ONO Ras Specific Diseases 


118. 


119. 


120. 


12 


122. 


123. 


124. 


125. 


126. 


127. 


128. 


129. 


130. 


131. 


132. 


133. 


134. 


135. 


Buster EH, Hansen BE, Lau GK, et al: Factors that predict response 
of patients with hepatitis B e antigen-positive chronic hepati- 
tis B to peginterferon-alfa. Gastroenterology 137(6):2002—2009, 
2009. 

Sonneveld MJ, Arends P, Boonstra A, et al: Serum levels of 
interferon-gamma-inducible protein 10 and response to peginter- 
feron therapy in HBeAg-positive chronic hepatitis B. J Hepatol 
58(5):898-903, 2013. 

Sonneveld MJ, Brouwer WP, Janssen HL: Studies of IL28B 
genotype and response to peginterferon in chronic hepatitis B 
should be stratified by HBV genotype. Hepatology 57(3):1283, 
2013. 

Sonneveld MJ, Rijckborst V, Zwang L, et al: Hepatitis B e antigen 
levels and response to peginterferon: influence of precore and basal 
core promoter mutants. Antiviral Res 97(3):312-317, 2013. 
Bonino F, Marcellin P, Lau GK, et al: Predicting response to pegin- 
terferon alpha-2a, lamivudine and the two combined for HBeAg- 
negative chronic hepatitis B. Gut 56(5):699-705, 2007. 
Rijckborst V, Hansen BE, Cakaloglu Y, et al: Early on-treatment 
prediction of response to peginterferon alfa-2a for HBeAg-negative 
chronic hepatitis B using HBsAg and HBV DNA levels. Hepatology 
52(2):454-461, 2010. 

Fried MW, Piratvisuth T, Lau GK, et al: HBeAg and hepatitis B 
virus DNA as outcome predictors during therapy with peginter- 
feron alfa-2a for HBeAg-positive chronic hepatitis B. Hepatology 
47(2):428-434, 2008. 

Brunetto MR, Moriconi F, Bonino F, et al: Hepatitis B virus 
surface antigen levels: a guide to sustained response to peginter- 
feron alfa-2a in HBeAg-negative chronic hepatitis B. Hepatology 
49(4):1141-1150, 2009. 

Marcellin P, Bonino F, Yurdaydin C, et al: Hepatitis B surface 
antigen levels: association with 5-year response to peginterferon 
alfa-2a in hepatitis B e-antigen-negative patients. Hepatol Int 
7(1):88-97, 2013. 

Liaw YE, Jia JD, Chan HL, et al: Shorter durations and lower doses 
of peginterferon alfa-2a are associated with inferior hepatitis B e 
antigen seroconversion rates in hepatitis B virus genotypes B or C. 
Hepatology 54(5):1591-1599, 2011. 

Cheng J, Wang Y, Hou J, et al: Peginterferon alfa-2b in the treat- 
ment of Chinese patients with HBeAg-positive chronic hepatitis 
B: a randomized trial. J Clin Virol 61(4):509-516, 2014. 
Lampertico P, Vigano M, Di Costanzo GG, et al: Randomised 
study comparing 48 and 96 weeks peginterferon alpha-2a therapy 
in genotype D HBeAg-negative chronic hepatitis B. Gut 62(2):290- 
298, 2013. 

Piccolo P, Lenci I, Demelia L, et al: A randomized controlled trial 
of pegylated interferon-alpha2a plus adefovir dipivoxil for hepatitis 
B e antigen-negative chronic hepatitis B. Antivir Ther 14(8):1165— 
1174, 2009. 

Perrillo RP: Acute flares in chronic hepatitis B: the natural and 
unnatural history of an immunologically mediated liver disease. 
Gastroenterology 120(4):1009-1022, 2001. 

Flink HJ, Sprengers D, Hansen BE, et al: Flares in chronic hepatitis 
B patients induced by the host or the virus? Relation to treatment 
response during Peg-interferon O-2b therapy. Gut 54(11):1604— 
1609, 2005. 

van Zonneveld M, Flink HJ, Verhey E, et al: The safety of pegylated 
interferon alpha-2b in the treatment of chronic hepatitis B: predic- 
tive factors for dose reduction and treatment discontinuation. 
Aliment Pharmacol Ther 21(9):1163-1171, 2005. 

Marcellin P, Wursthorn K, Wedemeyer H, et al: Telbivudine plus 
pegylated interferon alfa-2a in a randomized study in chronic hepa- 
titis B is associated with an unexpected high rate of peripheral 
neuropathy. / Hepatol 62(1):41-47, 2015. 

Volz T, Allweiss L, Ben MM, et al: The entry inhibitor Myrcludex-B 
efficiently blocks intrahepatic virus spreading in humanized mice 
previously infected with hepatitis B virus. J Hepatol 58(5):861- 
867, 2013. 


136. 


137. 


138. 


139. 


140. 


141. 


142. 


143. 


144. 


145. 


146. 


147. 


148. 


149. 


150. 


151. 


152. 


153. 


154, 


155. 


Lucifora J, Xia Y, Reisinger F, et al: Specific and nonhepatotoxic 
degradation of nuclear hepatitis B virus cccDNA. Science 
343(6176):1221-1228, 2014. 

Klein C, Bock CT, Wedemeyer H, et al: Inhibition of hepatitis B 
virus replication in vivo by nucleoside analogues and siRNA. Gas- 
troenterology 125(1):9-18, 2003. 

Deres K, Schroder CH, Paessens A, et al: Inhibition of hepatitis B 
virus replication by drug-induced depletion of nucleocapsids. 
Science 299(5608):893-896, 2003. 

Korba BE, Furman PA, Otto MJ: Clevudine: a potent inhibitor of 
hepatitis B virus in vitro and in vivo. Expert Rev Anti Infect Ther 
4(4):549-561, 2006. 

Chan HL, Ahn SH, Chang T: Peginterferon lambda for the treat- 
ment of chronic hepatitis B (CHB): a phase 2B comparison with 
Peginterferon alfa in patients with HBeAg-positive disease. 
J Hepatol 60(1 Suppl):S48, 2014. 

Lanford RE, Guerra B, Chavez D, et al: GS-9620, an oral agonist 
of Toll-like receptor-7, induces prolonged suppression of hepati- 
tis B virus in chronically infected chimpanzees. Gastroenterology 
144(7):1508-17.e10, 2013. 

Bertoletti A, Gehring A: Therapeutic vaccination and novel strate- 
gies to treat chronic HBV infection. Expert Rev Gastroenterol 
Hepatol 3(5):561-569, 2009. 

Agarwal K, Fung SK, Nguyen TT, et al: Twenty-eight day safety, 
antiviral activity, and pharmacokinetics of tenofovir alafenamide 
for treatment of chronic hepatitis B infection. J Hepatol 62(3):533- 
540, 2015. 

Lacombe K, Rockstroh J: HIV and viral hepatitis coinfections: 
advances and challenges. Gut 61(Suppl 1):i47-i58, 2012. 
Laurence JC: Hepatitis A and B immunizations of individuals 
infected with human immunodeficiency virus. Am J Med 118(Suppl 
10A):75S—83S, 2005. 

Nikolopoulos GK, Paraskevis D, Hatzitheodorou E, et al: Impact 
of hepatitis B virus infection on the progression of AIDS and 
mortality in HIV-infected individuals: a cohort study and meta- 
analysis. Clin Infect Dis 48(12):1763-1771, 2009. 

Chun HM, Roediger MP, Hullsiek KH, et al: Hepatitis B virus 
coinfection negatively impacts HIV outcomes in HIV seroconvert- 
ers. J Infect Dis 205(2):185-1893, 2012. 

Joshi D, O’Grady J, Dieterich D, et al: Increasing burden of liver 
disease in patients with HIV infection. Lancet 377(9772):1198- 
1209, 2011. 

Guidelines for the Prevention and Treatment of Opportunistic 
Infections in HIV-Infected Adults and Adolescents. 2015 (updated 
16 April 2015). Available from: <http://aidsinfo.nih.gov/guidelines/ 
html/4/adult-and-adolescent-oi-prevention-and-treatment- 
guidelines/344/hbv>. 

Rockstroh JK, Bhagani S, Benhamou Y, et al: European AIDS 
Clinical Society (EACS) guidelines for the clinical management 
and treatment of chronic hepatitis B and C coinfection in HIV- 
infected adults. HIV Med 9(2):82—88, 2008. 

Di Martino V, Thevenot T, Colin JF, et al: Influence of HIV 
infection on the response to interferon therapy and the long-term 
outcome of chronic hepatitis B. Gastroenterology 123(6):1812- 
1822, 2002. 

Iqbal K, Klevens RM, Kainer MA, et al: The epidemiology of acute 
hepatitis B in the United States from population-based surveil- 
lance, 2006-2011. Clin Infect Dis 61(4):584-592, 2015. 

Jindal A, Kumar M, Sarin SK: Management of acute hepatitis B 
and reactivation of hepatitis B. Liver Int 33(Suppl 1):164-175, 
2013. 

Arteaga-Rodriguez A, Carrasco-Garrido P, Lopez de Andres A, 
et al: Trends of acute hepatitis B hospitalizations, comorbidities, 
fatality rate, and costs associated with the hospitalization in Spain 
(2001-2006). Eur J Gastroenterol Hepatol 22(8):961—-966, 2010. 
Kumar M, Satapathy S, Monga R, et al: A randomized controlled 
trial of lamivudine to treat acute hepatitis B. Hepatology 45(1):97— 
101, 2007. 


156. 


157. 


158. 


159. 


160. 


161. 


162. 


163. 


164. 


165. 


166. 


167. 


168. 


169. 


170. 


171. 


Tillmann HL, Hadem J, Leifeld L, et al: Safety and efficacy of 
lamivudine in patients with severe acute or fulminant hepatitis B, 
a multicenter experience. J Viral Hepat 13(4):256-263, 2006. 
Cholongitas E, Tziomalos K, Pipili C: Management of patients 
with hepatitis B in special populations. World J Gastroenterol 
21(6):1738-1748, 2015. 

Huang QT, Wei SS, Zhong M, et al: Chronic hepatitis B infection 
and risk of preterm labor: a meta-analysis of observational studies. 
J Clin Virol 61(1):3-8, 2014. 

Nguyen V, Tan PK, Greenup AJ, et al: Anti-viral therapy for pre- 
vention of perinatal HBV transmission: extending therapy beyond 
birth does not protect against post-partum flare. Aliment Pharmacol 
Ther 39(10):1225—1234, 2014. 

ter Borg MJ, Leemans WF, de Man RA, Janssen HL: Exacerbation 
of chronic hepatitis B infection after delivery. J Viral Hepat 
15(1):37-41, 2008. 

Brown RS, Jr, Verna EC, Pereira MR, et al: Hepatitis B virus and 
human immunodeficiency virus drugs in pregnancy: findings from 
the Antiretroviral Pregnancy Registry. J Hepatol 57(5):953-959, 
2012. 

Ehrhardt S, Xie C, Guo N, et al: Breastfeeding while taking lami- 
vudine or tenofovir disoproxil fumarate: a review of the evidence. 
Clin Infect Dis 60(2):275-278, 2015. 

Stevens CE, Beasley RP, Tsui J, Lee WC: Vertical transmission of 
hepatitis B antigen in Taiwan. N Engl J Med 292(15):771-774, 
1975. 

Lee C, Gong Y, Brok J, et al: Effect of hepatitis B immunisation 
in newborn infants of mothers positive for hepatitis B surface 
antigen: systematic review and meta-analysis. BMJ 332(7537):328— 
336, 2006. 

Han GR, Cao MK, Zhao W, et al: A prospective and open-label 
study for the efficacy and safety of telbivudine in pregnancy for the 
prevention of perinatal transmission of hepatitis B virus infection. 
J Hepatol 55(6):1215—-1221, 2011. 

Wen WH, Chang MH, Zhao LL, et al: Mother-to-infant transmis- 
sion of hepatitis B virus infection: significance of maternal viral 
load and strategies for intervention. J Hepatol 59(1):24-30, 2013. 
Kubo A, Shlager L, Marks AR, et al: Prevention of vertical trans- 
mission of hepatitis B: an observational study. Ann Intern Med 
160(12):828-835, 2014. 

Greenup AJ, Tan PK, Nguyen V, et al: Efficacy and safety of teno- 
fovir disoproxil fumarate in pregnancy to prevent perinatal trans- 
mission of hepatitis B virus. J Hepatol 61(3):502-507, 2014. 
Zhang H, Pan CQ, Pang Q, et al: Telbivudine or lamivudine use 
in late pregnancy safely reduces perinatal transmission of hepatitis 
B virus in real-life practice. Hepatology 60(2):468-476, 2014. 
Han L, Zhang HW, Xie JX, et al: A meta-analysis of lamivudine 
for interruption of mother-to-child transmission of hepatitis B 
virus. World J Gastroenterol 17(38):4321-4333, 2011. 

Pan CQ, Duan Z, Dai E, et al: Tenofovir to prevent hepatitis B 
transmission in mothers with high viral load. N Engl J Med 
374(24):2324—2334, 2016. 


172. 


173. 


174. 


175. 


176. 


177. 


178. 


179. 


180. 


181. 


182. 


183. 


184. 


185. 


186. 


187. 


CHAPTER 33 Treatment of Hepatitis B 


Ko TM, Tseng LH, Chang MH, et al: Amniocentesis in mothers 
who are hepatitis B virus carriers does not expose the infant to an 
increased risk of hepatitis B virus infection. Arch Gynecol Obstet 
255(1):25-30, 1994. 

Yang J, Zeng XM, Men YL, Zhao LS: Elective caesarean section 
versus vaginal delivery for preventing mother to child transmission 
of hepatitis B virus—a systematic review. Virol J 5:100, 2008. 

Di Bisceglie AM, Lok AS, Martin P, et al: Recent US Food and 
Drug Administration warnings on hepatitis B reactivation with 
immune-suppressing and anticancer drugs: just the tip of the 
iceberg? Hepatology 61(2):703-711, 2015. 

Lok AS, Liang RH, Chiu EK, et al: Reactivation of hepatitis B 
virus replication in patients receiving cytotoxic therapy. Report of 
a prospective study. Gastroenterology 100(1):182-188, 1991. 
Loomba R, Rowley A, Wesley R, et al: Systematic review: the effect 
of preventive lamivudine on hepatitis B reactivation during che- 
motherapy. Ann Intern Med 148(7):519-528, 2008. 

Hammond SP, Borchelt AM, Ukomadu C, et al: Hepatitis B virus 
reactivation following allogeneic hematopoietic stem cell transplan- 
tation. Biol Blood Marrow Transplant 15(9):1049-1059, 2009. 
Liaw YF, Kao JH, Piratvisuth T, et al: Asian-Pacific consensus state- 
ment on the management of chronic hepatitis B: a 2012 update. 
Hepatol Int 6(3):531-561, 2012. 

Lok AS, McMahon BJ: Chronic hepatitis B: update 2009. Hepatol- 
ogy 50(3):661-662, 2009. 

Perrillo RP, Gish R, Falck-Ytter YT: American Gastroenterological 
Association Institute technical review on prevention and treatment 
of hepatitis B virus reactivation during immunosuppressive drug 
therapy. Gastroenterology 148(1):221-244.e3, 2015. 

Huang YH, Hsiao LT, Hong YC, et al: Randomized controlled trial 
of entecavir prophylaxis for rituximab-associated hepatitis B virus 
reactivation in patients with lymphoma and resolved hepatitis B. 
J Clin Oncol 31(22):2765-2772, 2013. 

Michel ML, Tiollais P: Hepatitis B vaccines: protective efficacy and 
therapeutic potential. Pathol Biol (Paris) 58(4):288-295, 2010. 
Huang LM, Lu CY, Chen DS: Hepatitis B virus infection, its 
sequelae, and prevention by vaccination. Curr Opin Immunol 
23(2):237-243, 2011. 

Poorolajal J, Mahmoodi M, Majdzadeh R, et al: Long-term protec- 
tion provided by hepatitis B vaccine and need for booster dose: a 
meta-analysis. Vaccine 28(3):623-631, 2010. 

Chen DS, Hsu NH, Sung JL, et al: A mass vaccination program 
in Taiwan against hepatitis B virus infection in infants of hepatitis 
B surface antigen-carrier mothers. JAMA 257(19):2597-2603, 
1987. 

Chang MH, You SL, Chen CJ, et al: Decreased incidence of hepa- 
tocellular carcinoma in hepatitis B vaccinees: a 20-year follow-up 
study. J Natl Cancer Inst 101(19):1348-1355, 2009. 

Qu C, Chen T, Fan C, et al: Efficacy of neonatal HBV vaccination 
on liver cancer and other liver diseases over 30-year follow-up of 
the Qidong hepatitis B intervention study: a cluster randomized 
controlled trial. PLoS Med 11(12):e1001774, 2014. 


ABBREVIATIONS 


ALT alanine aminotransferase 
HBsAg hepatitis B surface antigen 
HBV hepatitis B virus 

HCC hepatocellular carcinoma 
HCV hepatitis C virus 

HDV hepatitis delta virus 


Introduction 


Hepatitis delta virus (HDV) is the sole member of the genus 
Deltavirus and is estimated to infect 15 million to 20 million 
people of all age groups worldwide. HDV is a human pathogen, 
and HDV infection can exist as an acute or chronic infection and 
occurs only in individuals who have active hepatitis B virus (HBV) 
infection. It is a defective RNA virus that requires hepatitis B 
surface antigen for assembly and transmission. It is currently the 
only chronically infecting human hepatitis virus that is without 
an FDA-approved therapy. Although rare, hepatitis D is known 
to be the most rapidly progressive viral hepatitis and the most 
likely to lead to cirrhosis, and as such may be viewed as the most 
severe form of human viral hepatitis. 


Historical Perspective 


The initial identification of HDV dates back to the mid-1970s 
during an investigation of a group of patients with HBV infection 
who developed severe hepatitis.' During this investigation a novel 
nuclear antigen, coined the delta antigen, was discovered and 
initially thought to be a hepatitis B antigen. In subsequent chim- 
panzee experiments the delta antigen was identified as a structural 
component of a distinct pathogen that required HBV for its life 
cycle.” The precise molecular origin of HDV remains a subject 
of speculation.“ 

Since the discovery of HDV, HDV infection has been found 
in all age groups worldwide. Worldwide prevalence data, although 
improving through increased awareness, testing, and reporting, 
are still limited, and most reports are based on studies of sero- 
prevalence of anti-HDV in hepatitis B surface antigen (HBsAg)- 
positive patients (Fig. 34-1). Today it is believed that 15 million 
to 20 million people are infected with HDV; however, this estima- 
tion may have limited accuracy given the lack of systematic screen- 
ing, the inability to identify HDV in immunocompromised 


patients, and the lack of HDV RNA testing to identify those who 
have maintained an antibody response despite loss of HDV RNA. 
Additionally, because of the severity of the disease and an acceler- 
ated progression to cirrhosis, more patients will likely die of HDV 
infection, resulting in a lower prevalence of the disease than might 
otherwise be expected. 


Virology 


The approximately 36 nm diameter HDV particle contains a 
1.7-kb single-stranded circular RNA genome of negative polar- 
ity.’ Currently, eight genotypes of HDV have been identified 
(see Fig. 34-1).’ These eight genotypes have up to 40% heteroge- 
neity. Genotype 1 is known to exist worldwide and is the pre- 
dominant virus in North America, Europe, and the Middle East. 
Genotype 2 has been identified predominantly in Asia, Southeast 
Asia, and Russia. Genotype 3 has been found predominantly in 
Central America and South America. Genotype 4 has been identi- 
fied in Japan and Taiwan. Genotypes 5 to 8 have predominately 
been described to be found in Africa. 

The genome forms a complex with the only known HDV- 
encoded protein, delta antigen, which exists in two isoforms, 
small and large. This RNA-protein complex is surrounded by a 
lipid envelope in which are embedded HBsAg proteins. The latter 
are the same three HBsAg isoforms (small, middle, and large [or 
pre-S1]) of HBsAg that are found on the HBV virion and that 
are myristoylated at its N-terminus, a modification that is impor- 
tant for host cell entry.» HDV does not encode its own envelope 
proteins, but rather utilizes the envelope proteins of HBV (Fig. 
34-2). In this sense HDV is like a parasite of HBV. This source 
of envelope proteins for envelopment and subsequent viral entry 
is all that HDV requires from HBV, and provides a molecular 
explanation for why HDV infections naturally occur only in the 
context of a coexisting HBV infection. As detailed further in 
subsequent sections, the net effect is to make the clinical disease 
generally more severe than would otherwise be associated with 
HBV monoinfection. 

Sodium-taurocholate cotransporting polypeptide, which plays 
an important role in bile acid uptake into the liver, was recently 
identified as a critical receptor for both HBV and HDV entry.’ 
On uncoating, the viral genome is transported to the liver 
host cell nucleus, where genome replication occurs (Fig. 34-3). 
The latter consists entirely of RNA to RNA replication, with no 
DNA intermediates or chromosomal integration events. The 
mechanism of RNA-dependent RNA replication proceeds via a 
so-called double rolling circle model,'° wherein the incoming 
negative-strand genome serves as a template for a presumably host 


501 


+1 0) SONA Specific Diseases 


E High 

E Intermediate 

E Low 

L] Very low P 

[_] Insufficient data Y e, 


e Fig. 34-1 World map with the estimated prevalence of hepatitis delta virus infection and genotypes 
shown. 
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e Fig. 34-2 Structural depiction of hepatitis B virus (HBV) and hepatitis delta virus (HDV). HDV utilizes 
the envelope proteins of HBV. HDV has a single-stranded circular RNA genome encoding one protein, 
delta antigen, that exists in two forms: small and large (which is modified by farnesyl). These elements 
are surrounded by a lipid envelope containing HBV surface antigen proteins taken from HBV. These HBV 
surface antigen proteins are the only component shared with HBV, as the latter has a completely different 
genome structure and internal virion composition. Ag, Antigen; ds, double-stranded; ss, single-stranded. 
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HDV RNA genome 


e Fig. 34-3 Hepatitis delta virus (HDV) entering the hepatocyte and its replication cycle. HDV gains access 
to the hepatocyte, presumably using the same receptor as hepatitis B virus (HBV). Following uncoating, 
the HDV genome enters the nucleus, where genome replication occurs entirely through RNA intermediates 
(i.e., no DNA intermediates or integration events). Newly replicated progeny genomes associate with small 
and large delta antigen. Farnesylation of the large delta antigen mediates interaction and assembly with 
HBV surface antigen at the level of the endoplasmic reticulum. The nascent virion buds into the endo- 
plasmic reticulum and exits the cell via the secretory pathway. 


cell-encoded RNA polymerase activity'' that produces linear mul- 
timers of opposite polarity, or antigenomic, RNA. The latter are 
processed into linear antigenomic monomers via specific cleavage 
at a ribozyme site encoded in the antigenomic RNA.” The mono- 
mers are ligated into antigenomic circles that serve as a template 
for production of linear multimers of genomic RNA, which are 
processed via a separate ribozyme activity into linear genomic 
monomers. These again undergo a ligation event to yield progeny 
genomes for packaging. In addition, a small antigenomic tran- 
script serves as messenger RNA for production of delta antigen." 
During HDV genome replication, RNA editing events occur, 
catalyzed by adenosine deaminases acting on RNA 1 (ADARI). 
One of these editing events results in the mutation of the stop 
codon for delta antigen. As a consequence, translation of delta 
antigen proceeds to the next downstream stop codon, leading to 
the addition of an extra 19 amino acids to the C-terminus of the 
small (195 amino acid, -24 kDa) delta antigen, which results in 
the production of the large (214 amino acid, -27 kDa) delta 
antigen. Although the small and large delta antigens share most 
of their sequence and can oligomerize for copackaging, the two 
delta antigen isoforms have very different functional activities. 
The small delta antigen promotes genome replication, whereas the 
large delta antigen is a potent transdominant inhibitor of genome 
replication.” In addition, only the large isoform is capable of 
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e Fig. 34-4 The RNA editing event during hepatitis delta virus genome 
replication. a.a., Amino acids; ADAR7, adenosine deaminase acting on 
RNA 1; HBsAg, hepatitis B surface antigen. 


interacting with HBsAg and initiating particle formation and 
assembly.'®'® Thus the RNA editing event can be viewed as a key 
regulatory switch in the virus life cycle, signaling an end to 
genome replication and initiation of packaging and virion mor- 


phogenesis’” (Fig. 34-4). 
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The mechanism of particle assembly is dependent on a 
site-specific lipid modification at the extreme end of the large 
delta antigen. This involves the covalent addition of the prenyl 
lipid farnesyl to cysteine contained within a so-called CXXX 
box amino acid sequence (where C is cysteine and X is one of 
the last three amino acids at the extreme C-terminus of large 
delta antigen).'” This reaction is catalyzed by the host enzyme 
farnesyltransferase. 

As described in further detail later, to date the roles of myris- 
toylation and prenylation in the HDV life cycle have yielded the 
most advanced therapies for hepatitis D in development. A variety 
of other posttranslational modifications have been described on 
delta antigen, including phosphorylation, sumoylation, methyla- 
tion, and acetylation.” These, along with the RNA-dependent 
RNA replication, RNA editing, ribozyme cleavage, and RNA liga- 


tion activities, are potential future targets for antiviral intervention. 


Experimental Models for Study 
of Hepatitis Delta Virus 


The natural reservoir of HDV is humans, but experimental trans- 
mission occurs in chimpanzees and woodchucks that are infected 
with HBV or woodchuck hepatitis virus respectively.” In the 
case of the latter, the HDV genome and delta antigens become 
pseudotyped with woodchuck hepatitis virus surface antigen pro- 
teins. The drawbacks of these models include a lack of the defined 
genetic background afforded by a highly inbred and increasingly 
annotated species such as the mouse. 

Mice transgenic for the delta antigens have also been used 
to explore the pathogenesis associated with these proteins,” and 
transgenic mice expressing a replication-competent HDV genome 
allowed tissue tropism to be studied with respect to genome 
replication.’ Hydrodynamic transfection of mice transgenic 
for HBV with HDV genomes has been used to evaluate the 
in vivo efficacy of prenylation inhibitors.” Mice with human- 
ized livers” have been used to study the infection initiated with 
natural inoculums of HDV and to evaluate the effect of candi- 
date entry inhibitors.” In such a system, genetically engineered 
immunodeficient mice are subjected to a hepatotoxic insult, fol- 
lowed by transplant of primary human hepatocytes. Although 
relatively high levels of viremia can be established in this type 
of humanized mouse, the lack of an effective adaptive immune 
system limits the types of questions that can be answered. Finally, 
mice transgenic for the liver sodium-taurocholate cotransporting 
polypeptide have recently been shown to support infection with 
HDYV, although in the absence of HBV coinfection, HDV could 
not spread and appears to be resolved by the innate immune 


28 
system. 


Epidemiology of Hepatitis 
Delta Virus Infection 


Despite the estimation that 15 million to 20 million people 
are infected worldwide, certain regions of the world have been 
identified as endemic for HDV infection. These areas of high 
prevalence include Central Africa (15% to 50%),””°' West Africa 
(17% to 30%),°”** the Mediterranean basin (27%), the Middle 
East (Iran, 7.8%),” northern Asia (Mongolia >26% and >6% 
in school-aged children,*’ although a more recent survey 
reported a prevalence of 60%),** the Amazonian basin of South 


America (13.5% to 29%), eastern Europe, including Romania 
(20.4%),*' parts of Russia (21.8%),*” and parts of Southeast Asia, 
including Vietnam (15.4%). 

After the discovery of HDV in Italy, HDV was reported to be 
endemic in southern Europe between 1980 and 1990 with preva- 
lence rates greater than 20%. Since that time the prevalence rates 
have significantly declined as a result of the use of disposable 
needles and syringes, improvements in socioeconomic factors, and 
the implementation of HBV vaccination programs, as well as 
deaths among those chronically infected.“*“’ However, with 
migration from high endemic areas, HDV prevalence rates in 
Europe have risen in recent years, with increased prevalence rates 
reported in Germany, France, and England.“ 

In Asia, also in the mid-1980s, HDV infection was reported 
to be as high as 24% in Taiwan, but saw a decline to 4% in the 
next 10 years. This decline is believed to be as a result of transi- 
tioning to the use of disposable needles and syringes and educa- 
tional campaigns for the use of prophylaxis with unsafe sex 
practices.’ Similar rates were reported for the Irabu Islands of 
Okinawa, Japan, in the 1990s, with increasing rates in older 
patients compared with younger patients, suggesting a decline in 
transmission over time.” 

In the United States there is a paucity of data on HDV preva- 
lence. One study describing the prevalence of HDV in HBV- 
infected patients in northern California identified a rate of 8% 
(only 42% of HBsAg-positive adults were tested). In a Veterans 
Health Administration population where testing for HDV was 
suboptimal (8.5% of HBsAg-positive adults), HDV antibody 
positivity was identified in 3.4% of HBV-infected individuals.” 
Among injection drug users in Baltimore, Maryland, approxi- 
mately 50% of HBV-infected individuals were found to be 
infected with HDV.” This suggests potential subgroups of HBV- 
infected patients are at high risk of unrecognized HDV infection 
within developed countries. Immigration from endemic areas 
remains a significant risk factor for HDV infection within the 
developed world. 

In humans the routes of HDV transmission are identical to 
those of HBV, and the epidemiologic patterns are thought to be 
similar. Parental transmission is the most commonly reported 
mode of transmission, and injection drug use remains the most 
significant risk factor for transmission in developed countries.”””” 
Sexual transmission occurs in both heterosexual populations and 
in men who have sex with men. Vertical and neonatal transmis- 
sion is now rare and tends to occur in medically underserved areas 
where vaccination programs designed to interrupt vertical trans- 
mission of HBV are inadequate.” 

Transmission of HDV in humans occurs by one of two routes: 
either via coinfection with acute HBV infection or as superinfec- 
tion in patients with preexisting chronic HBV infection (Figs. 
34-5 and 34-6).” In chimpanzee models the length of the incuba- 
tion period depends on the HDV titer of the inoculum, with 
doses of 1 mL of inoculum diluted from 10° to 107'' dilutions 
yielding the detection of hepatitis delta antigen in the liver from 
14 days to 35 days after inoculation.” In chimpanzee experi- 
ments, only 10 HDV genomes per infectious dose are required 
for transmission.“ In coinfection, a simultaneous infection occurs 
in a previously unexposed individual with both HBV and HDV, 
leading to an acute hepatitis B and D. Clinically, coinfection may 
cause a severe acute hepatitis along with the potential for acute 
liver failure (in 2% to 20%). 

Chronicity is less frequent during coinfection, occurring in less 
than 5% of adults.” 
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e Fig. 34-5 Patterns of hepatitis B virus (HBV) DNA, hepatitis delta virus (HDV) RNA, hepatitis B surface 
antigen (HBsAg), and alanine aminotransferase (ALT) during acute coinfection with HBV and HDV (top), 
acute HDV superinfection on preexisting HBV infection with HDV clearance (middle), and acute HDV 
superinfection on preexisting HBV infection leading to chronic HDV and HBV infection (bottom). 
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e Fig. 34-6 Serologic patterns of anti-hepatitis B core (anti-HBc) immunoglobulin G (IgG), anti- HBc 
immunoglobulin M (IgM), anti-hepatitis delta (anti-HD) IgG and anti-HD IgM during acute coinfection with 
hepatitis B virus (HBV) and hepatitis delta virus (HDV) (top), acute HDV superinfection on preexisting HBV 
infection with HDV clearance (middle), and acute HDV superinfection on preexisting HBV infection leading 
to chronic HDV and HBV infection (bottom). 
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TABLE 
Pye Diagnostic Tests for Hepatitis Delta Virus Infection 


HDV serum Antigen Detects HDV antigen in serum 


Indicates acute and chronic HDV infection. 


No FDA-approved assay, rarely performed 


Anti-HDV IgM antibody Detects IgM antibodies against HDV 


Indicates acute and ongoing active HDV 


Used as a gauge of activity when HDV 


in serum infection RNA is not available 
Anti-HDV IgG antibody Detects IgG antibodies against HDV Indicates previous or current infection 
in serum with HDV 
HDV RNA qualitative Detects the presence of HDV RNA Indicates active HDV infection 
in serum 
HDV RNA quantitative Detects and quantifies HDV RNA in Indicates active HDV infection No FDA-approved assay 
serum 
HDV genotyping Determines HDV genotype in serum Indicates HDV genotypes 1-8 Requires HDV RNA for it to be performed 
HDV antigen Antibody to HDV antigen staining of Indicates active HDV infection Available in few centers 
immunohistochemical liver structure 
staining 


HDV, Hepatitis delta virus; /gG, immunoglobulin G; /gM, immunoglobulin M. 


HDV superinfection, which is more common than coinfec- 
tion, occurs when HDV is transmitted to an individual who 
already carries HBsAg (indicative of a previously established hepa- 
titis B infection) (see Figs. 34-5 and 34-6). Clinically, superinfec- 
tion with HDV may be mistaken for a flare of chronic hepatitis 
B with significant elevation of serum aminotransferase levels. 
Superinfection has been associated with acute liver failure and 
severe chronic active hepatitis that often progresses to cirrhosis. 
Chronicity occurs in up to 95% of cases.” 

There has been some controversy about whether HDV can 
exist as a monoinfection without virulence. Evidence of HDV 
was found in transplanted livers with the detection of hepatitis 
delta antigen shortly after liver transplantation. However, it is 
believed that this apparent isolated HDV viremia was more likely 
due to the limited sensitivity of certain HBV diagnostic assays.” 
In contrast, HDV monoinfection has been described to persist 
intrahepatically for 6 weeks before being rescued by HBV in 
humanized mice models. Additionally, in woodchucks, HDV 
has lasted 1 month in the absence of HBV,” and in chimpanzees 
it has lasted for 1 week.°>™ 


Diagnosis and Diagnostic Tests 


HDV infection should be suspected in immunocompetent indi- 
viduals with known risk factors for infection, including a history 
of injection drug use, high-risk sexual behaviors, immigration 
from an endemic region, and known infection of a first-degree 
relative. Acute HDV infection induces both an innate and an 
adaptive immune response in humans, resulting in immunoglob- 
ulin M and immunoglobulin G production.” Although HDV 
antigen can be measured in serum, via either an enzyme-linked 
immunosorbent assay or a radioimmunoassay, it is of limited 
usefulness as a diagnostic test. This is because HDV antigen 
is measureable in serum shortly after exposure for 1 week to 
2 weeks and then is only transiently detectable in individuals with 
chronic infection (depending on the assay).°"°”** Additionally, the 


lack of global availability of HDV antigen tests results in HDV 
antibody tests being the typical initial step in diagnosing HDV 
(Table 34-1). 

In patients found to have HDV antibody positivity, it can be 
difficult to distinguish between acute and chronic infection but it 
is important to make this distinction given the potentially differ- 
ent outcomes. Similarly to acute HBV infection, acute HDV 
infection can result in severe hepatitis with significant elevations 
of alanine aminotransferase (ALT) and aspartate aminotransferase 
levels that may help in distinguishing between acute and chronic 
infection. HDV immunoglobulin M may be helpful as it is 
usually detectable within 1 week to 3 weeks after exposure and 
also reflective of disease activity in chronic infection. However, 
because biomarkers and antibody tests are often not definitive in 
distinguishing between acute and chronic infection, a careful 
review of the patient’s history, including potential risk factors for 
acquisition of HDV, is often the best means of distinction. 

HDV RNA was originally qualitatively detected in serum by 
molecular hybridization assays, with a detection limit of 10‘ to 
10° genomes per milliliter.” This method of detection has been 
largely replaced by reverse transcription PCR methods, which 
have improved sensitivity and have a lower limit of detection of 
10 genomes per milliliter.” 7 The World Health Organization has 
recently developed a standard for quantitation of HDV RNA in 
serum, although this mainly applies to genotype 1 infection. 
High-diversity genotypes (such as genotypes 6 to 8) can pose some 
additional challenges to the detection and quantification of HDV 
RNA, although pangenotypic assays are available.” Given the lack 
of standardization, until recently, comparison across various labo- 
ratory assays has been challenging. This is further hampered by 
the lack of an approved commercial assay for HDV RNA in the 
United States. Assays are currently being developed and should 
become available soon. 

Intrahepatic hepatitis delta antigen detection by immunohis- 
tochemistry is another method of HDV detection, as hepatitis 
delta antigen is expressed in the liver cell nuclei (Fig. 34-7). 
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e Fig. 34-7 Photomicrograph of hepatitis delta virus antigen staining of 
the liver. Hepatocyte nuclei infected with hepatitis delta virus stain brown, 


whereas uninfected nuclei remain purple. (Image courtesy of David E. 
Kleiner.) 


Reported sensitivities, although variable, may still aid in detection 
of HDV in complex cases. With the availability of serologic 
assays, tissue immunohistochemistry is not often used. 


Clinical Features and Natural History 
of Hepatitis Delta Virus Infection 


As previously highlighted, acute HDV infection can occur via 
either coinfection or superinfection (see Figs. 34-5 and 34-6). 
Acute coinfection occurs when an individual is simultaneously 
infected with both HBV and HDV during the same exposure. 
The clinical course is similar to that of an acute HBV infection; 
however, more severe disease may be seen and there is an increased 
risk of acute liver failure.” It is important to note that HBV infec- 
tion must be established first during the acute coinfection before 
HDV can begin to spread. Thus the clinical course of acute coin- 
fection may reveal a biphasic course with two ALT peaks seen 
several weeks apart.” Diagnosis of acute HBV and HDV coin- 
fection is made with acute HBV infection markers and detection 
of HDV antigen, HDV immunoglobulin M, and HDV RNA (if 
available) in serum (see Table 34-1). Most patients recover 
during an acute coinfection with HBV and HDV, and chronicity 
occurs in less than 5% of patients. 

Acute HDV superinfection occurs when an individual is 
infected with HDV in the presence of an established HBV infec- 
tion (HBsAg positive). In patients with known HBV infection, 
acute HDV infection may be mistaken for a hepatitis B flare. In 
those who are unaware of their viral hepatitis status, initial clinical 
investigations may be mistaken for an acute HBV infection if 
superinfection with HDV is not considered. The clinical course 
during acute HDV superinfection may be more severe than that 
during HBV and HDV coinfection, and acute liver failure can 
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occur.” Diagnosis of acute HDV superinfection is made with the 
presence of HBV markers suggesting an established infection 
along with detection of HDV antigen, HDV immunoglobulin M 
and/or HDV RNA (if available) in serum (see Table 34-1). Acute 
HDV superinfection results in chronicity in most cases. Similarly 
to the other viral hepatitis infections, chronicity is defined as 
continued infection beyond 6 months. 

Chronic HDV infection is known to result in more severe 
liver disease than chronic HBV monoinfection.*” Studies have 
described an increased rate of fibrosis progression in HDV infec- 
tion compared with monoinfection with HBV or hepatitis C 
virus (HCV), and progression to cirrhosis with chronic HDV 
infection can occur in 5 years to 10 years in up to 80% of 
cases.” Hepatocellular carcinoma (HCC) may also develop as 
a complication of cirrhosis in HDV infection, with risks reported 
to be up to threefold higher compared with HBV monoinfec- 
tion (Table 34-2).°***8 Hepatic decompensation in patients with 
HDV-related cirrhosis occurs at a rate twofold higher than in 
HBV-monoinfected patients with cirrhosis. Death as a result 
of chronic HDV infection is typically from decompensation or 
HCC.” It has been suggested that HDV genotype plays a role in 
the rate of adverse outcomes, with genotype 1 being more virulent 
than genotype 2,” although other factors are likely important. 

There exist few data on HDV infection in special populations 
such as those with triple infections of HBV, HCV, and HDV or 
HBV, HIV, and HDV. In two small European studies of patients 
with HBV/HCV and HDV genotype 1 infection, HDV appeared 
to exert dominant pressure over HBV and HCV.*!”” However, in 
an Asian study, where HDV genotype 2 was more prominent, 
HCV was described to exert dominant pressure over HBV and 
HDV.” These discrepancies may be due to the different geo- 
graphic areas (Europe and Asia), the host immune status, the 
profile of active HDV infection, and the respective viral geno- 
types. Patients with triple infection of HIV, HBV, and HDV 
receiving antiretroviral therapy have a high rate of death and liver 
decompensation events compared with patients with HIV and 
HBV infection without HDV infection.” Triple infection with 
HIV, HBV, and HDV has also been associated with increased risks 
of hepatitis flares, cirrhosis, decompensation, and death compared 
with individuals with HIV and HBV infection.” 


Monitoring and Surveillance 


Currently, expert guidance regarding monitoring and surveillance 
of liver disease in HDV-infected patients has not been provided 
by the major professional liver societies of the United States, 
Europe, and Asia. However, given the interdependence of HDV 
infection on HBV infection, albeit that HDV infection is more 
severe, the modalities of monitoring and surveillance used in HBV 
infection appear appropriate. These include serologic monitoring 
of liver disease every 3 months to 6 months with quantitative 
measurements of HBV DNA, liver-associated enzymes, and, in 
patients with advanced fibrosis, measures of liver function, includ- 
ing albumin level, bilirubin level, prothrombin time, and platelet 
count. Although HDV RNA quantitation is not readily available 
nor approved for clinical decision making, the measurement of 
HBV DNA may provide clinical utility. In a subset of patients 
infected with HDV, the level of HBV DNA may remain elevated, 
providing evidence of a dual component (HBV and HDV) con- 
tributing to ongoing liver damage.”° 

Spontaneous clearance, although described, is rare, and patients 
who appear to clear HDV should be monitored to ensure there 


10}: SRONA Specific Diseases 


TABLE 
34-2 


Hepatocellular Carcinoma in Patients With Hepatitis D Virus Infection: Data From Observational Studies 


Cross et al. England Retrospective, single time 880 82 Risk of HCC was 7.8% in HBV- 
point, diagnosis of HBV monoinfected patients compared 
over a 6-yr period with 9.7% in patients coinfected 

with HBV and HDV 

Ji et al. Sweden Registry study, diagnosis of 8,510 327 Increased risk of HCC in patients with 
HCC during a 12-yr period HDV infection (standardized 

incidence ratio 6.11, 95% Cl 
2.77-11.65) when patients with 
HBV monoinfection were used as 
the reference population 

Toukan Jordan Cohort of HBsAg-positive 195 20 A higher prevalence rate of HDV 

et al. patients followed up for infection was seen in patients with 
8 yr HCC (10/15, 67%). Patients with 
HCC and anti-HDV positivity 
developed HCC on average 10 
years earlier than those who were 
anti-HDV negative (p < 0.05) 
Trichopoulos Greece Case-control study over a 9-yr 117 9 10% of patients with HCC (n = 87) 
et al.®® period were positive for HDV compared 
with 0% of patients without HCC 
Verme Italy Cohort study performed over a 9 Patients with HDV infection who 
et al.” 2-year period developed HCC were significantly 
younger than those with cirrhosis 
but without HDV infection (p = 
0.002). 
Tamura Japan Cohort of HBsAg-positive 1,058 69 The rate of HCC was 7.84 per 1000 
et al. patients followed up for an person-yr in patients with anti-HDV 
average of 121 mo over an positivity compared with 2.73 per 
18-yr period 1000 person-yr in those without 
anti-HDV positivity 
Fattovich Western Longitudinal study of HBV 161 39 Risk of HCC increased by a factor of 
etal Europe patients with compensated 3.2 in patients with anti-HDV 
cirrhosis followed up for a positivity relative to those with 
median of 6.6 yr anti-HDV negativity 

Kushner United States Retrospective study identifying 25,603 Ue Incidence rate of HCC was 2.9-fold 

et al.” prevalence of testing and higher in HDV antibody—positive 


factors associated with HDV 
positivity in chronic HBV 
patients in the Veterans 
Health Administration 


patients relative to HDV antibody— 
negative patients (p = 0.002). HDV 
infection was independently 
associated with HCC (OR 2.1, 95% 
Cl 1.1-3.9) 


Cl, Confidence interval; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HDV hepatitis delta virus; OR, odds ratio. 


is sustained clearance. In addition, if underlying cirrhosis was 
present at the time of clearance, then ongoing HCC monitoring 
is indicated. 

Commensurate with various histologic studies demonstrating 
a greater degree of inflammation in HDV infection than HBV 
monoinfection, the levels of transaminases are typically higher 
in patients with HDV infection. As such, the use of traditional 
noninvasive fibrosis biomarkers such as the aspartate aminotrans- 
ferase to platelet ratio index or fibrosis-4 may not be reliable.” 
Although transient elastography is approved for the staging of 


liver disease, it has not been evaluated in HDV patients, and it is 
unknown if the extent of hepatic inflammation in HDV will alter 
transient elastography results. Thus in patients who demonstrate 
clinical signs of advancing liver disease, including a declining 
platelet count, level of aspartate aminotransferase greater than 
ALT level, or imaging suggestive of the onset of cirrhosis, a liver 
biopsy may provide additional information regarding fibrosis 
staging. Patients who demonstrate rapidly progressive fibrosis 
are candidates for interferon-based therapy. However, outcomes 
achieved with interferon-based therapy are modest (as described 


later), and thus a thorough discussion with the patient regarding 
the risks and benefits of therapy is necessary before one embarks 
on treatment. 

Given that the development of HCC can occur at rates up to 
threefold higher compared with HBV monoinfection, HCC sur- 
veillance should be performed.””****”* In the absence of HDV- 
specific guidelines, HCC surveillance should follow current 
recommendations for HBV infection.” 


Prevention and Treatment 


Prevention of Hepatitis Delta Virus Spread 


Hepatitis D can be prevented by HBV vaccination. Currently, no 
vaccination exists specifically for HDV, and one is unlikely to be 
developed given that vaccination against HBV provides protection 
against HDV. As universal vaccination for HBV extends to more 
of the world, the population vulnerable to HDV infection will 
decrease. However, universal HBV vaccination is not a near-term 
goal, and thus strategies to prevent infection remain important. 
Immigration and continued geopolitical upheaval will ensure 
population movement and spread of HDV globally. Thus it 
becomes imperative to educate all HBV-infected individuals 
about the risk of acquiring HDV infection and means of prevent- 
ing HDV transmission. 


Definitions of Treatment End Points 


Specific definitions of sustained response to therapy have been 
difficult to accurately formulate. Much of this is due to the 
complex interaction between HBV and HDV, the high HDV viral 
titers, and the lack of standardization between assays, as well as 
evolving techniques. Traditionally, clinical studies have used a 
combined end point of ALT level normalization and undetectable 
HDV RNA to define response. As with HBV therapy, HBsAg 
loss with seroconversion is likely a better marker of sustained 
response, although the latter rarely occurs. As such, end-of- 
treatment responses are still being refined. Whether a functional 
cure equates with undetectable HDV RNA in serum with or 
without HBsAg loss with seroconversion to antibody is particu- 
larly relevant given the high rate of hepatitis D relapse with 
current therapies. With improving technology and standardiza- 
tion of techniques, however, a more accurate distinction between 
eradication versus suppression with potential for relapse may be 
possible. '°''°* Ultimately, prevention of histologic disease progres- 
sion and the complications of cirrhosis, HCC, and liver-related 
deaths should also be considered. 


Interferon Monotherapy 


Currently there is no satisfactory therapy for HDV infection, nor 
is there any FDA-approved therapy. Expert guidelines recommend 
the use of peginterferon.'°*'” Initial therapies evaluated the use 
of interferon alpha-2a at high (9 x 10°IU three times per week) 
and low (3 x 10°IU three times per week) doses compared with 
no therapy for 1 year.” Complete response, defined as ALT level 
normalization and HDV RNA PCR negativity, was achieved in 
50% of those receiving the high-dose therapy, whereas 21% of 
those receiving the low-dose therapy responded and 0% of those 
who did not receive any therapy responded. In follow-up (up to 
48 weeks after therapy), no patients had a sustained virologic 
response. In a follow-up study of the same patients, patients 
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were followed up for up to 14 years after treatment to investigate 
the long-term outcomes. Liver-related clinical outcomes included 
death, development of HCC, liver transplantation, variceal hem- 
orrhage, hepatic encephalopathy, and ascites. Survival was sig- 
nificantly longer in the high-dose group compared with those 
who received low-dose therapy (p = 0.019) or were not treated 
(p = 0.003); however, there was no significant difference between 
the low-dose group and controls.’ 

With the availability of peginterferon and its demonstrated 
efficacy in other viral hepatitis infections, peginterferon alpha-2b 
(1.5 ug/kg/wk) was evaluated in chronic hepatitis D patients for 
1 year.” Eight of 14 patients (57%) had undetectable HDV RNA 
by 1 year of therapy. After a median of 16 months of posttherapy 
follow-up (range 6 months to 42 months), two patients relapsed 
after therapy, with a resultant end-of-study sustained viral negativ- 
ity rate of 43%. Thus it was suggested that peginterferon therapy 
was at least as effective as standard interferon therapy for chronic 
HDV infection. Thereafter, a study was performed evaluating the 
utility of the combination of peginterferon and ribavirin for 48 
weeks followed by peginterferon monotherapy for an additional 
24 weeks compared with peginterferon monotherapy for 72 weeks 
with posttherapy monitoring of both groups for 24 weeks.” 
Although this study demonstrated that ribavirin has no added 
utility in treatment of HDV infection, a prolonged course of 
peginterferon alpha-2b for 72 weeks resulted in low-level or unde- 
tectable HDV RNA in 34% of patients at the end of therapy and 
undetectable HDV RNA in 21% of patients at the end of 
follow-up. To date, long-term peginterferon alpha-2a therapy 
with increasing doses up to 360 ug/wk for up to 5 years has been 
evaluated, with 25% (3 of 12) of individuals achieving a complete 
virologic response (combination of HDV virologic response with 
HBsAg seroconversion) by the end of the study.'°*'®’ Complete 
virologic response (HDV RNA undetectable with HBsAg sero- 
conversion) with interferon-alpha therapy has been described in 
one individual after 12 years of therapy." Despite the variable 
responses seen with differing durations of peginterferon therapy, 
there is emerging evidence that the level of HDV RNA at 24 
weeks of therapy may predict response to 1 year of therapy.'' 


Nucleoside/Nucleotide Analogs 


Several studies have shown the lack of efficacy of monotherapy 
with chronic hepatitis B nucleoside/nucleotide analogs for chronic 
hepatitis D."°''*"° This is not unexpected because these agents 
target the HBV polymerase, which is not required for HDV rep- 
lication. Moreover, these drugs do not significantly decrease the 
level of HBsAg, which is the only HBV factor used by HDV. 
However, complex interactions between HBV and HDV have 
been demonstrated longitudinally with various HBV and HDV 
viral patterns that may fluctuate over time, potentially suggesting 
that HBV may occasionally contribute to progressive liver damage 
during high HBV viral states.''*''? As such, consideration has 
been given to the use of nucleoside/nucleotide analogs in HDV- 
infected patients who demonstrate persistent or fluctuating HBV 
DNA levels greater than 2000 IU/mL." 

A large multicenter randomized clinical trial, the Hep-Net/ 
International Delta Hepatitis Intervention Trial, evaluated the 
utility of peginterferon alpha-2a with or without adefovir or ade- 
fovir monotherapy with the primary end point of undetectable 
HDV RNA in serum and normal ALT levels at the end of 
48 weeks of therapy.''® At the end of therapy, 23% of patients 
treated with peginterferon and adefovir and 24% treated with 
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peginterferon alone had undetectable HDV RNA in serum, 
whereas none of the adefovir monotherapy patients had achieved 
the end point. At the end of follow-up (6 months after therapy), 
26% of the patients who received peginterferon and adefovir and 
31% of the patients treated with peginterferon alone had unde- 
tectable HDV RNA. Two patients treated with peginterferon plus 
adefovir had clearance of HBsAg, with seroconversion to hepatitis 
B surface antibody, by week 72.''° In a follow-up study (Hep-Net/ 
International Delta Hepatitis Intervention Trial 2), which 
increased the duration of treatment with peginterferon plus teno- 
fovir or placebo up to 96 weeks, 47% of patients treated with 
peginterferon plus tenofovir had undetectable HDV RNA at the 
end of treatment compared with 30% in the placebo group (p = 
0.1, not significant). ">"! In those with undetectable HDV RNA, 
three patients in the peginterferon plus tenofovir group lost 
HBsAg and five patients in the placebo group lost HBsAg. More 
than one third of patients in the peginterferon plus tenofovir 
group experienced a posttreatment relapse. 


Algorithm for Management of Chronic 
Hepatitis Delta Virus Infection 


Although expert guidelines recommend the use of peginterferon 
in chronic HDV infection, specific guidance on when to treat 
patients and the duration of treatment is lacking. °>" The reason 
for this is most likely multifactorial owing to the HDV RNA 
quantification assays lacking standardization and widespread 
availability, a lack of well-defined treatment end points as a result 
of the dual viral infection, and the poor response rates demon- 
strated with peginterferon therapy. 

However, whereas the field is eagerly awaiting improved thera- 
pies (see later) for this devastating disease, a proposed therapeutic 
algorithm includes the use of peginterferon therapy for 48 weeks 
(Fig. 34-8). Patients with detectable HDV RNA in serum (quali- 
tative or quantitative) should undergo histologic staging of disease. 
Those who have minimal to no fibrosis (METAVIR score 0 to 1) 
and normal ALT levels can be monitored without therapy. Patients 


with minimal to no fibrosis (METAVIR score 0 to 1) with abnor- 
mal ALT levels or mild to moderate fibrosis (METAVIR score 2 
to 3) should be considered for peginterferon therapy for 48 weeks. 
Patients with compensated cirrhosis (METAVIR score 4) should 
be considered for peginterferon therapy and also undergo routine 
screening for varices and HCC per expert guidelines.” In 
patients with decompensated cirrhosis (METAVIR score 4), inter- 
feron therapy should not be attempted, given the potential of 
interferon for causing hepatic failure, and they should be evalu- 
ated for liver transplantation. However, management of HDV 
infection is best undertaken in a center with expertise and experi- 
ence in this disease. 


New Drug Therapies 


With advances in technology and further understanding of HDV 
molecular virology and the poor responses of traditional therapies, 
investigators have been searching for alternative targets for anti- 
viral therapy (Table 34-3). Initial investigational studies concen- 
trated on host immune modulation; however, many of the current 
novel investigational therapies target either host or viral machin- 
ery and are related to inhibiting viral entry or reproduction. 

Thymus-derived peptides are believed to have immunomodula- 
tory effects. Two small pilot studies have been performed in HDV 
infection. In one study, one of five patients became HDV RNA 
negative with thymosin 04, therapy at 900 ug/m? twice weekly for 
6 months.'*' In a study of thymic humoral factor Y2, 40 ug, given 
daily for 15 days followed by twice weekly for an additional 22 
weeks, 3 of 11 treated patients became HDV RNA undetectable, 
although 2 of the 3 responders had a virologic relapse.” The 
current development status of such agents is unclear. 

Human sodium-taurocholate cotransporting polypeptide has 
been identified as a specific receptor for HBV and HDV and has 
been identified as a potential therapeutic target in HDV infec- 
tion.” Myrcludex B, a synthetic myristoylated peptide designed 
to competitively mimic the N-terminus of the HBV L protein, is 
an entry inhibitor that has been described to have some anti- HDV 
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e Fig. 34-8 Proposed algorithm for current management of chronic hepatitis delta virus (HDV) infec- 
tion. ALT, Alanine aminotransferase; HBV, hepatitis B virus; HCC, hepatocellular carcinoma. 
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New Investigational Therapies for Hepatitis Delta Virus Infection 


Thymus-derived  Thymosin ou, Immunomodulatory agents that induce maturation Phase 2 Studied as monotherapy'™ °? 
peptides thymic humoral of lymphocytes, increase T-cell function, and 
factor y> promote restoration of immune deficits 
Human sodium- Myrcludex B A synthetic myristoylated peptide designed to Phase 2 Studied in combination with peginterferon 
taurocholate mimic the N-terminus of the HDV L protein. alpha-2a""' 
cotransporting Intended to interfere with HBV and HDV entry 
polypeptide 
Nucleic acid REP 2139-Ca Inhibits HBV subviral particle assembly and release Phase 2 Studied in combination with peginterferon 
polymers from infected hepatocytes and can decrease alpha-2a'”° 
serum HBsAg levels 
Prenylation Lonafarnib, Farnesyltransferase inhibitor that disrupts the large Phase 2 Studied as monotherapy,” in combination 
inhibition EBP-994 HDV antigen’s ability to interact and form with peginterferon alpha-2a,'* and in 


secreted particles with HBsAg 


HBsAg, Hepatitis B surface antigen; HBV, hepatitis B virus; HDV, hepatitis delta virus. 


effects in animal models.'* Preliminary results from phase 2a 
studies demonstrated at least a 1-logiy HDV RNA decline from 
the baseline after 24 weeks of Myrcludex B monotherapy.” 

Nucleic acid polymers are phosphorothioated oligonucleotides 
that have been described to have activity against a diverse array 
of infectious agents via uncertain mechanisms and have been 
shown to result in declines in quantitative HBsAg and HBV DNA 
levels in duck models of HBV.'**'”” Given HDV’s dependence on 
HBsAg, preliminary reports from ongoing in vitro and human 
studies evaluating the utility of nucleic acid polymers in the treat- 
ment of chronic HDV infection appear interesting.'**'” 

Prenylation is a posttranslational lipid modification that 
involves the covalent addition of prenyl lipids to proteins and 
plays a vital role in the life cycle of HDV.'**"”’ Prenylation inhibi- 
tion disrupts the large delta antigen’s ability to interact, and form 
secreted particles, with HBsAg." Use of prenylation inhibitors 
has been evaluated with success in vitro and in an in vivo mouse 
model of HDV replication.” >>? In a completed phase 2a dose 
escalation study, the prenylation inhibitor lonafarnib successfully 
decreased serum HDV RNA levels by an average of 0.75 log IU/ 
mL and 1.5 log IU/mL after 28 days of therapy in the low-dose 
and high-dose groups respectively.” In the high-dose group, 
100% of treated patients achieved greater than 1 log reduction 
after only 4 weeks. In contrast, only 79% of patients in Hep-Net/ 
International Delta Hepatitis Intervention Trial 2 were able to 
achieve this even after 48 weeks of therapy.’ 


Liver Transplantation 


Liver transplantation is an option for patients infected with HDV 
who decompensate as a result of acute fulminant failure or end- 
stage liver disease, or who develop small HCC. In a recent study 
evaluating more than 20 years of liver transplant data from the 
European Liver Transplant Registry database, it was noted that 
patients with HDV infection underwent transplant at younger 
age, as a result of either decompensation or HCC, compared with 
those with HBV or HCV monoinfection or HBV and HCV 
coinfection.'” It has been well documented that patients with 


combination with ritonavir"? 


HDV infection have better graft and patient survival rates com- 
pared with those with HBV and HCV infection.'*”'** 

Aside from the usual goals of preventing posttransplant rejec- 
tion and graft dysfunction, another primary goal in patients with 
HDV includes the prevention of reinfection of the transplanted 
liver. Historically, graft reinfection with HDV was common and 
described to occur in at least 50% of cases.’ However, since the 
successful implementation of posttransplant prophylaxis, reinfec- 
tion of the graft is rare.” Currently, pretransplant antiviral 
therapy with HBV nucleoside/nucleotide analogs may not be 
needed as HBV viral loads are typically low in chronic HDV 
infection. In the posttransplant setting, hepatitis B immunoglob- 
ulin in combination with an HBV antiviral is the gold standard 
for preventing recurrent disease. '**!° 


SUMMARY 


Recent Progress 

e Farnesylation of HDV’s large delta antigen is essential for HDV 
morphogenesis, and farnesyltransferase inhibitors have shown 
proof-of-concept clinical efficacy. 

e Strategies targeting entry and HBsAg production are also being 
explored. 


Knowledge Gaps 
e Screening for HDV remains suboptimal. 
e Optimal treatment regimens await further delineation. 


Future Directions 

e Better understanding of HDV molecular virology can offer new targets 
for antiviral therapy. 

e Novel agents in development offer hope for better treatment outcomes. 
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ABBREVIATIONS 


HAV hepatitis A virus 
IgG immunoglobulin G 
IgM immunoglobulin M 


Introduction 


The hepatitis A virus (HAV) is a nonenveloped, small, single- 
stranded RNA picornavirus that replicates within hepatocytes, 
producing symptomatic or asymptomatic infection in humans. 
Hepatitis A induces an immune response that causes hepatic 
inflammation and interferes with hepatic function. Hepatitis A 
leads to an acute and generally self-limited infection with symp- 
toms including fever, nausea, abdominal pain, and jaundice. This 
infection results in immune protection against the virus.’ 

HAV transmission is via the fecal-oral route. Transmission 
occurs with poor sanitation, sexual contact or cohabitation with 
an infected individual, or intake of contaminated food or drink.’ 
For developed nations, available hepatitis A vaccines have led to 
a dramatic fall in the rates of acute HAV infection.’ In endemic 
regions, there are potentially large socioeconomic consequences.’ 
In 0.2% of active cases, infection results in acute liver failure and 
death, and this risk increases with age and the presence of chronic 
liver disease.’ In the United States the prevalence of HAV infec- 
tions has dropped by more than 90% since the initiation of effec- 
tive vaccination in 1997. However, hepatitis A remains the cause 
of approximately half of all known cases of acute viral hepatitis in 
the United States. More than 20,000 cases of hepatitis A occur 
annually in the United States, and there are approximately 1.5 
million known cases worldwide.’ The diagnosis of hepatitis A 
depends on detection of serum anti-HAV immunoglobulin M 
(IgM), detectable 5 to 10 days after exposure. IgM gradually 
disappears by 6 months after infection. Antic HAV immunoglobu- 
lin G (IgG) develops in early infection and generally lasts for life.” 


Molecular Virology 


A viruslike antigen was discovered in 1973 by immune electron 
microscopy, and was identified as a likely causative pathogen 
for acute infectious hepatitis." It had previously been seen only 
in primates, although human forms have unique genotypes. 
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Previously known as enterovirus type 72, HAV is the only species 
of the genus Hepatovirus. It is one of the large and diverse positive- 
strand RNA group of viruses making up the family Picornaviridae 
(picornaviruses).°” It is unique within this family for its structure 
and life cycle, as well as its tropism for the liver. It has a primitive 
capsid structure related to picorna-type viruses, which infect 
insects.” Evolutionary ancestral forms have also been found in 
bats and shrews.'' HAV is a nonenveloped, icosahedral particle 
27 nm in diameter. It infects its host via the fecal-oral route and 
is shed in feces as a naked particle but circulates in blood in an 
envelope produced from host cell membranes.'* The RNA genome 
is positive sense, single stranded, and 7.5 kb. Its unique features 
include an internal ribosome entry site structure, a truncated VP4 
capsid protein lacking N-terminal myristoylation, a C-terminal 
pX extension of VP1, VP2 late domains involved in membrane 
envelopment, and a cis-acting replication element within the 
3Dpol sequence (Fig. 35-1). The HAV genome includes a short 
3’ noncoding region that ends in a polyadenylic acid tract, a 5’ 
untranslated region of 734 bases, and a single, long open reading 
frame encoding a polypeptide of 2227 amino acids.’ 

HAV strains have minimal variation over time or place.” 
Genomic characterization of HAV strains from various geographic 
locations has been performed.'* With use of a short fragment of 
the VP1-2A junction region to classify strains, seven different 
genotypes based on more than 15% nucleotide variation among 
isolates, and subgenotypes with 7.5% to 15% nucleotide variation 
have been identified.” By VP1-2A junction and VP1 gene evalu- 
ation analysis, four genotypes (I, II, I, IV)—each with two 
subtypes (A and B) in humans and three other genotypes (V, VI, 
VII) in primates (Fig. 35-2)—were revealed.'*'® Full-length VP1 
sequencing revealed a novel 45-nucleotide deletion variant result- 
ing in a 15—amino acid deletion located in the VP1 region with 
neutralization escape mutations as antigenic variants. This analysis 
showed a great level of genetic diversity at the nucleotide (23.5%) 
and amino acid (10.5%) levels. Most humans have genotype 1 
virus, with potential for cocirculation of subgenotypes la and 1b 
demonstrated in one case series.” There is only a single major 
serotype which is felt to be stable given the mode of substitution 
to VP1 by nonsynonymous substitutions. '°'* 

During early infection, HAV reaches the basilar surface of 
hepatocytes through the space of Disse.” Attachment to HAV- 
CR-1, a mucinlike glycoprotein cellular receptor, facilitates entry 
of the virus into the cell. The asialoglycoprotein receptor mediates 
infection by binding and internalizing HAV-specific immuno- 
globulin A molecules.” A cell surface molecule, T-cell immuno- 
globulin and mucin 1, serves as a receptor for HAV.” 
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HAV has subtle but key structural differences as compared 
with other known picornaviruses (see Fig. 35-1).’” HAV structure 
lies between classic picornaviruses and the insect picorna-like 
viruses. Picornaviruses induce restructuring of host intracellular 
membranes, which allows replication of the genome. They consist 
of polyprotein with three portions, P1, P2, and P3. P1 codes for 
capsid proteins (VP1 to VP4), and P2 and P3 have enzymes, 
accessory proteins, and precursors needed for replication of the 
virus with polyprotein processing (2A to 2C and 3A to 3D).” 
Polyprotein processing for Hepatovirus occurs between 2A and 2B 
because of a viral proteinase 3Cpro. This has radically different 
amino acid preferences at the P4 and P2’ positions of the substrate 
compared with enteroviral 3C proteinases.” HAV 3Cpro cleaves 
2A-2B between Gln836 and Ala837, 144 residues higher than the 
enteroviral junction, resulting in a truncated 2A protein (71 to 
73 amino acids) and a longer 2B protein (251 amino acids 
long).”™ The membrane-targeting proteins 2B and 2C, along 
with their precursor 2BC, and protein 3A have primary involve- 
ment in membrane remodeling and have sequences that allow 
integration into host membrane bilayers.” > They rearrange target 
membranes during infection and tether the RNA replication 
complex to these.” The fibrillar aggregation of the 2B protein 
pulls together the viral and cellular components needed for HAV 
replication. Given low HAV viral expression, this recruitment 
ensures newly synthesized viral factors accumulate in the replica- 
tion and assembly factories.” 

HAV has an N-terminal domain swap rendering VP2 similar 
to the homologous VP1 and VP3 proteins. Thus HAV retains 
functional and structural features characteristic of primordial 
picornaviruses, similar to present-day insect picorna-like viruses. 
The subsequent development of efficient mechanisms of cell entry 
allowed the growth in diversity characterizing present-day mam- 
malian picornaviruses. HAV cannot shut down host protein syn- 
thesis, unlike other modern picornaviruses, grows poorly in tissue 
culture, and has a highly deoptimized codon usage. Particles are 
produced with a 67-residue C-terminal extension of VP1, which 
is implicated in particle assembly (this longer form of VP1 is 
known as VP1-2A or PX).*° Particles containing this extension 
place themselves within the host membrane, creating enveloped 
viruses.” Host proteases cleave this extension to yield mature 
capsids.”°** VP4 in HAV is very small (-23 residues) and may not 
be present within virus particles.” 


Pathogenesis 


HAV is shed in fecal matter. It may also be spread by con- 
taminated water, sexual contact (especially men having sex with 
men), personal contact (such as household contacts or at day care 
centers), and illicit drug use.“ Approximately 55% of cases glob- 
ally do not have an identifiable risk factor.“ Personal protection 
measures against transmission include avoidance of unhealthy, 
contaminated drinking water or food. Cooking or boiling water 
and food for 1 minute or more to 85°C inactivates HAV. 

HAV-induced hepatitis presents as a proinflammatory environ- 
ment in which parenchyma is destroyed by a combination of mac- 
rophage- and lymphocyte-induced processes.” HAV infection leads 
to a cellular immune cascade with induction of hepatocyte injury 
by activation of cytolytic T cells.“* Liver specimens of patients 
with hepatitis A contain CD8* T cells, which lyse infected cells 
in an HLA class [-restricted manner.“ Interferon-y secretion by 
activated T cells potentially leads to HLA class I determinants on 
infected liver cell surfaces.“ The fulminant inflammatory response 
is accompanied by an increased production by liver Kupffer cells 
of proinflammatory mediators, including interleukin-1, tumor 
necrosis factor ©, and interleukin-6.“° Hepatocellular injury is 
also induced by further immune mechanisms, including natural 
killer cells and lymphokine-activated killer cells.” Apoptosis of 
liver cells, increased production of oxygen free radicals, and acti- 
vation of inflammatory and coagulation cascades can result in 
liver necrosis, with potential for fulminant hepatitis and multi- 
organ failure.“ 


Epidemiology 


Each year approximately 1.5 million clinical cases of HAV infec- 
tion are reported worldwide; the actual infection rate is likely 10 
times higher.“””! Reflecting continued poor access to clean drink- 
ing water in endemic regions, the World Health Organization 
estimated the worldwide incidence of acute hepatitis A increased 
from 115 million to 119 million from 1990 to 2005.””’ Corre- 
sponding deaths due to hepatitis A increased from 30,283 to 
35,245. Incidence ranging from 15% to 100% strongly correlates 
with socioeconomic indicators and access to safe drinking water. 
With a rise in income and access to clean water, the incidence of 
hepatitis A decreases (Fig. 35-3). 
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e Fig. 35-3 Global distribution of hepatitis A virus. 


In developing regions, such as India, Africa, the Middle East, 
and parts of South America, HAV infection is very common (see 
Fig. 35-3). Most infections are asymptomatic and are acquired 
during early childhood. Individuals in high-endemicity regions 
are approximately six times more likely to be seropositive than 
individuals in developed countries. This early exposure reduces 
the need for vaccination.” The reported rates of symptomatic 
infection are relatively low and outbreaks are not common. In 
regions with intermediate endemicity, including Southeast Asia, 
China, and eastern Europe, some community-wide outbreaks 
occur.” Hepatitis A is less common in developed regions, such as 
western Europe, North America, Scandinavia, Japan, and Austra- 
lia. Infections in developed countries occur in specific settings, 
mainly associated with travel.*°° 

For most developed nations, there is a general lack of exposure 
to and immunization against HAV. Seropositivity is generally less 
than 5% in children and approximately 20% by age 20 years.”””° 
Most acute HAV infections are due to travel to endemic regions, 
consumption of contaminated shellfish, and contact with persons 
with acute HAV infection.” Drinking and eating in poor hygienic 
conditions carries an increased risk, 20 per 1000 individuals per 
month traveled.” Globally, the areas associated with the highest 
incidence of travel-related disease are East Africa, the Middle East, 
and the Indian subcontinent. Children aged 0 to 14 years made 
up 88% of these cases.” 

Specifically for patients from the United States, approximately 
85% of travel-related hepatitis A cases are associated with travel 
to Central America, Mexico, or South America.” Hepatitis A 
in the United States disproportionately affects specific racial/ 
ethnic groups, including American Indian, Alaska Native, and 
Hispanic patients. Before recommendations for broad childhood 


vaccination, the highest seroprevalence of anti- HAV was among 
Mexican Americans (81.9%) and black adults (50%). Prevalence 
was lowest among white non-Hispanic adults (29.0%). These 
disparities among racial/ethnic groups were virtually eliminated 
with vaccination, with the rates of HAV disease among native 
American and Hispanic patients decreasing by 98.8% and 86.4%, 
respectively, to 0.8 and 2.8 cases per 100,000. The rates among 
non-Hispanic whites, blacks, and Asians decreased by 78.3%, 
80.5%, and 63.0%, respectively, to 1.5, 1.5, and 1.7 cases per 
100,000 (Fig. 35-4). 

With improvement in education on infectious precautions, the 
tisk of HAV infection in unvaccinated travelers to developing 
countries has dropped from 3 per 1000 individuals per month of 
travel to 6 to 30 per 100,000 individuals per month.” The inci- 
dence of hepatitis A in the United States continues to decline (see 
Fig. 35-4). Nonimmunized individuals traveling to hepatitis A- 
endemic countries remain at risk of infection. Increased risk is 
associated with the duration of travel, living conditions, and the 
incidence of hepatitis A in the destination country.’ There have 
been no recent reports of shellfish being the source of a hepatitis 
A outbreak in the United States, although in other parts of the 
world, shellfish are a common source of hepatitis A outbreaks.“ 
For individuals who live in or visit rural areas, the risk of acute 
HAV infection is highest in those who travel long distances to 
remote areas or eat and drink in poor sanitary conditions.” A 
study by Heudorf et al.” indicated that there are no significant 
differences in the incidence of hepatitis A between tourists and 
business travelers. A study by Mikati et al.” of 149 travelers, 
including 70 immunocompromised travelers (47%), found that 
the immunocompetent travelers had a risk of acute infection 
similar to that of immunocompromised travelers. 
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e Fig. 35-4 Incidence of reported hepatitis cases by race and ethnicity, 1990 to 2013. 
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Clinical Course 


HAV infection begins abruptly in symptomatic cases. Prodromal 
symptoms of malaise, vomiting, anorexia, fever, and right upper 
quadrant abdominal pain occur after an incubation period of 
approximately 28 days (range 15 to 50 days) (Fig. 35-5). One 
week after these early symptoms occur, patients may develop more 
severe abrupt onset of fever, malaise, loss of appetite, nausea, 
abdominal discomfort, and jaundice (Table 35-1). These symp- 
toms may last from weeks to months (median 8 weeks).’*”* Phys- 
ical examination findings include splenomegaly, hepatomegaly, 
rash, lymphadenopathy, and arthritis.” 

‘The severity of HAV infection is strongly related to age. At less 
than 6 years of age, more than 50% of young children with hepa- 
titis A are generally asymptomatic. The remainder have mild 
symptoms. ”° Young children remain a source of infection to others 
during the brief infection period, mainly by fecal-oral contamina- 
tion.” For older children and adults, infection is generally more 


symptomatic. Jaundice occurs in more than 70% of patients in 
this age group.” Hepatomegaly and splenomegaly can be present. 
Peak infectivity occurs 2 weeks before and at least 1 week after 
the initial symptoms. With recurrent symptoms, peak infectivity 
may last longer. Acute illness typically lasts less than 2 months, 
with a median of 2 weeks. There is generally no chronic stage of 
the disease or chronic viral shedding, although prolonged illness 
with recurrent symptoms or acute liver failure is possible. 
Prolonged recovery, relapsing hepatitis, and protracted choles- 
tatic hepatitis have been described in case reports and series.” 
Multiple cases have been described of symptoms and elevation of 
the levels of liver enzymes for more than 3 months before recov- 
ery.”*' The prolonged course of illness seems to be associated with 
delayed clearance of HAV. Cappola et al.” described a case of 
acute hepatitis with coinfection by two subgenotypes of hepatitis 
A (la and 1b) with severe resultant cholestasis. In this case of a 
23-year-old man with exposure to partially cooked shellfish, the 
serum bilirubin level rose progressively, with a peak at day 74 after 


Symptoms Most Frequently Reported 
by Patients With Hepatitis A 


Jaundice 40-80 
Dark urine 68-94 
Fatigue, lassitude 52-91 
Loss of appetite, anorexia 42-90 
Abdominal pain/discomfort 37-65 
Clay-colored (acholic) stools 52-58 
Nausea and vomiting 26-87 
Fever or chilliness 32-73 
Headache 26-73 
Arthralgia 11-40 
Myalgia 15-52 
Diarrhea 16-25 
Sore throat 0-20 


From Koff RS. Clinical manifestations and diagnosis of hepatitis A virus infection. Vaccine 
1992;10(Suppl 1):S15-S17. 


illness (total bilirubin level of 65.5 mg/dL). Liver biopsy showed 
marked cholestasis with biliary thrombi in dilated canaliculi with 
a rosette formation and marked biliary stasis in hepatocytes. The 
HAV RNA level progressively decreased to an undetectable level 
at day 183, but the man relapsed on day 218 with detectable HAV 
RNA (viral load, 4.7 x 10* copies per milliliter). HAV RNA 
became undetectable again 18 days later and remained undetect- 
able for 3 years of follow-up. Laboratory analysis revealed con- 
temporaneous presence of subgenotypes la and 1b at days 35 and 
132, with only subgenotype la detected on day 183 and only 
subgenotype 1b detected on day 218. 

The burden of hepatitis A for nations and communities 
remains strongly linked to the average age of infection. For high- 
endemicity countries, almost all children are infected at an early 
age, generally asymptomatically. With a country’s incidence of 
hepatitis A decreasing, the average age of infection increases. As 
the rate of symptomatic hepatitis A increases, the severity of 
the illness and cost per case of hepatitis A generally increases. 
This may lead to an increase in total healthcare costs related to 
HAV.**** This includes lost productivity due to weeks of hos- 
pitalization and missed school or work. Hepatitis A outbreaks 
may also limit economic growth through disrupted international 
business and tourism. 

Less commonly, pericarditis, renal failure, thrombocytopenia, 
acute pancreatitis, aplastic anemia, autoimmune hemolytic 
anemia, Guillain-Barré syndrome, and vasculitis/arthritis may 
occur in patients with acute HAV infection.” Hepatitis A may 
cause acute liver failure and rarely death, with the risk of death 
increasing with age.” In the era before vaccination, acute liver 
failure due to hepatitis A led to approximately 100 deaths each 
year in the United States.” The risk of death increased with 
underlying liver disease, such as hepatitis B or C, or coinfection 
with more than one hepatitis A genotype.*””” 
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Overall, the case-fatality ratio is 0.3%, with rates from liver 
failure due to hepatitis A ranging from 0.1% for children younger 
than 15 years to 2.7% for adults older than 50 years.’'”* The 
case-fatality ratio is also high in individuals with chronic liver 
disease, such as chronic viral hepatitis.” An estimated 10% to 
15% of infected patients will relapse with symptoms up to 6 
months after the acute illness.”° The virus may again be excreted, 
and transmission may occur with relapse. With liver failure, the 
previously healthy liver quickly deteriorates because of the acute 
liver injury, leading to coagulopathy, jaundice, and encepha- 
lopathy.”* HAV-induced acute liver failure may follow a hyper- 
acute course in which encephalopathy occurs within 7 days of 
jaundice. Hepatitis A accounts for 3.1% of approximately 2000 
cases of acute liver failure in the United States each year.”””° 
HAV genomes detected in plasma samples obtained from patients 
with acute liver failure were compared with genomes recovered 
from patients with self-limiting acute hepatitis, and an associa- 
tion was found, with fewer nucleotide substitutions in the central 
portion of the 5’ untranslated region in the strains with acute 
liver failure.” 

Liver failure is more severe in patients with underlying chronic 
liver disease. Vento et al.” prospectively followed up 432 patients 
with chronic hepatitis C between June 1990 and July 1997. Sev- 
enteen hepatitis C patients acquired hepatitis A superinfection as 
evidenced by anti-HAV IgM in serum and HAV RNA in stool. 
‘They compared these patients with 191 patients with acute hepa- 
titis A alone. Eight of the hepatitis C patients, who were followed 
up after recovery from the superinfection, had suppression of 
HCV RNA during the acute hepatitis A but with virus again 
becoming detectable with recovery from acute hepatitis A. Seven 
of the 17 hepatitis C patients (41%) developed acute liver failure. 
Six of these patients died of massive hepatic necrosis despite sup- 
portive treatment, with an overall fatality rate of 35% for hepatitis 
A superinfection among patients with chronic hepatitis C. Four 
of the seven patients with acute hepatic failure had a sharp increase 
in the titers of anti—asialoglycoprotein receptor antibodies, anti- 
nuclear antibodies, and anti-smooth muscle antibodies and had 
elevated serum y-globulin values. This demonstrated that hepatitis 
A may trigger autoimmune mechanisms that, in turn, increase 
liver damage associated with hepatitis A. The other three patients 
with acute liver failure were coinfected with yet another virus 
(hepatitis G virus). It is unclear if hepatitis G was truly a factor 
in these fulminant cases. Hepatitis G viral infections tend to be 
mild and were also seen in 2 of the 10 patients, with an uncom- 
plicated course. 


Diagnosis 


Hepatitis A presents initially similarly to other forms of acute viral 
hepatitis and other gastrointestinal or febrile conditions. The dif- 
ferential diagnosis includes drugs, toxins, parasitic or bacterial 
infections, autoimmune hepatitis, and other forms of viral hepa- 
titis.” Laboratory findings in symptomatic individuals include 
marked elevations of the levels of total and direct bilirubin, serum 
aminotransferases, and alkaline phosphatase. The alanine amino- 
transferase level is typically higher than the aspartate aminotrans- 
ferase level for viral hepatitis, with the range for both generally 
from 500 U/L to 5000 U/L. Elevations of aminotransferase 
levels occur before the elevation of bilirubin level, and generally 
coincide with the onset of clinical illness. 

Diagnosis of hepatitis A is based on both laboratory (Fig. 35-6) 
and clinical symptoms. Just before anti- HAV IgM is detectable 
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and soon after the alanine aminotransferase level increases, HAV 
is excreted in the stool. Clinical illness occurs shortly following 
initial excretion. Thus HAV may be transmitted before symptoms 
occur.' The presence of anti- HAV IgM with typical symptoms and 
exclusion of other causes establishes the diagnosis of hepatitis A. 
Anti-HAV IgM is present during the symptomatic phase and 
persists for 4 to 6 months thereafter. A history of exposure to raw 
produce, undercooked foods, unsanitized drinking water, or 
others with known HAV infection increases clinical suspicion. 
Plasma anti-HAV IgM testing distinguishes acute hepatitis A 
from other hepatitides, with sensitivity and specificity of more 
than 95%.'°' Anti-HAV IgM is detectable 5 to 10 days after 
exposure, but the test generally does not detect the lower levels of 
anti- HAV IgM that exist for 4 to 6 months after infection. Anti- 
HAV IgM may also be detected in patients who were recently 
given the hepatitis A vaccine.'”’ A false anti-HAV IgM test result 
is possible, and is identified by the presence of anti- HAV IgM but 
the absence of total anti- HAV'” (Fig. 35-7). False positive results 


e Fig. 35-8 Liver biopsy specimen from a patient with hepatitis A, showing 
abundant portal inflammation with interface hepatitis, as well as wide- 
spread hepatocellular ballooning, apoptosis, cholestasis, and lobular dis- 
array. The lower-left inset shows higher magnification of an apoptotic 
hepatocyte surrounded by hypertrophied Kupffer cells. The /ower-right 
inset shows plasma cells in the portal infiltrate. (Courtesy of Zachary 
Goodman). 


are more common in female and older patients. Testing should 
be reserved for patients with signs and symptoms of acute hepa- 
titis.” Anti- HAV IgG is detected at the onset of disease, remains 
positive from that point on, and remains a marker of prior infec- 
tion after acute symptoms have resolved.'”’ Testing for HAV RNA 
in the setting of liver failure may yield false negatives and is not 
widely available.'” 

Salivary testing reveals lower concentrations of IgM and IgG 
for HAV than in blood. This may be used if it is suspected that 
infection is later in its course as IgM may persist for longer in 
saliva than in serum.'” The level of total anti-HAV in saliva 
decreases with time, unlike in serum samples, but is detectable for 
at least 180 days after the initial illness. HAV RNA persists in 
saliva for an average of 60 days after clinical onset. 

Liver biopsy is rarely performed in cases of uncomplicated 
acute hepatitis A, but periportal inflammation and necrosis have 
been described. '°* Areas may include ballooning degeneration and 
apoptosis. Cholestasis with an increase in the numbers of portal 
and periportal plasma cells can be more specific for hepatitis A 
but clinical diagnosis requires laboratory confirmation. Interface 
hepatitis may be present with relative sparing of centrilobular 
hepatocytes (Fig. 35-8). Bridging necrosis may develop with 
severe hepatitis. 


Treatment of Acute Infection 


Supportive care is key to the management of hepatitis A. For mild 
symptoms, rest and treatment for nausea, vomiting, and diarrhea 
are advised. Patients should not return to work or school until 
fever and jaundice have subsided to avoid transmission to others. 
Patients should be advised to avoid alcohol but may eat a normal 
diet as tolerated.'°” For acute hepatitis A there is full symptomatic 
recovery in 3 to 6 months in 85% of patients.’ Individuals with 
signs of synthetic dysfunction, most significantly a rising interna- 
tional normalized ratio, or any evidence of encephalopathy must 
be hospitalized and transferred to a liver transplant center for 


supportive case with concomitant assessment for liver transplanta- 
tion. N-Acetylcysteine has been extensively evaluated for treat- 
ment of acute liver injury of all causes, including viral hepatitis.''' 
Lee et al.''' demonstrated even in nonacetaminophen liver failure 
there was improved survival in nontransplant patients treated 
early and with low-grade confusion. Infusion of N-acetylcysteine 
should be initiated for all cases of liver failure and should be 
continued until transplant, resolution of confusion, or the inter- 
national normalized ratio is below 1.5." Pregnant women with 
hepatitis A have an increased incidence of gestational complica- 
tions, including preterm labor, and must be monitored closely." 


Prevention 


Preexposure Measures 


Hepatitis A remains one of the most common infectious illnesses 
related to travel. Prophylaxis of HAV infection through passive or 
active immunization is the most important preventive practice." 
Patients traveling to hepatitis A-endemic regions should be vac- 
cinated unless there are direct contraindications. Hepatitis A 
immune globulin is effective for short-term prevention. 

Other means of preventing hepatitis A include educating trav- 
elers regarding food and water precautions. It is key to provide 
preventative education to patients visiting highly infectious areas, 
especially those from regions with low rates of immunity. Heating 
foods to 85°C for 1 minute, use of a 1: 100 solution of household 
bleach, handwashing, and avoiding contact with uncooked foods 
may decrease HAV transmission.“ 

Hepatitis A immune globulin provides passive transfer of anti- 
body. This can be used for short-term preexposure prophylaxis 
(and potentially postexposure prophylaxis). Immune globulin 
protects for short periods of time depending on the dose. Immune 
globulin at the recommended dose of 0.02 mL/kg intramuscu- 
larly is 80% to 90% protective for up to 5 months.'!*!"° Injection 
of purified immune globulin intramuscularly rarely produces side 
effects. Immune globulin, because it is a blood product, could 
theoretically lead to the spread of blood-borne diseases but there 
have been no reports of transmission of infectious diseases. 


Vaccination 


Seroprevalence is key to decision making with regard to the need 
for HAV vaccination. For high-endemicity countries, vaccination 
is not routinely recommended as most young children will acquire 
immunity early after asymptomatic infection.''’ For countries 
with intermediate endemicity, vaccination of all children may 
protect the health of adolescents and young adults, although 
the cost and amount of public health resources required can be 
high relative to the population affected.''® For low-endemicity 
countries, generally targeted vaccination of high-risk population 
groups is recommended rather than vaccination of the general 
population. 

Hepatitis A vaccine was initially licensed in 1996. In 1999, 
targeted hepatitis A vaccination began in the United States. 
Emphasis was originally on high-risk groups and immunizing 
children living in high-incidence communities. With the intro- 
duction of vaccination, the number of cases dropped dramatically 
from 1990 to 2007 (see Fig. 35-4). In 2006, because of cases 
occurring outside the typically emphasized areas, the Centers for 
Disease Control and Prevention recommended that every child 
be immunized between 12 and 23 months.’ In the United States 
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the number of hepatitis A cases dropped further from 2979 in 
2007 to 1398 in 2011.’ Currently, children older than 23 
months who have not been immunized should receive routine 
immunization (Table 35-2).' For infants younger than 12 
months, acquired maternal antibodies can interfere with the 
immune response induced by hepatitis A vaccines.'*! In these 
cases, if preexposure prophylaxis is needed, immune globulin for 
hepatitis A remains an option. 

Vaccine alone should be recommended for healthy interna- 
tional travelers younger than 40 years regardless of their scheduled 
dates of departure. For older or infirm traveling adults, the 
performance of vaccine alone is unknown and clinical manifesta- 
tions of hepatitis A tend to be more severe. Immune globulin can 
be considered in addition to vaccine for older adults, immuno- 
compromised individuals, and individuals with chronic liver 
disease or other chronic medical conditions who are traveling to 
an area within 2 weeks.''® Individuals who plan to adopt children 
from endemic regions should be immunized (see Table 35-2).'” 

In the United States, available vaccines contain inactivated 
HAV adsorbed to aluminum hydroxide (Table 35-3).'**"”? Live 
vaccines are available and used in China. The vaccination series 
includes two doses. The initial dose provides protective anti- HAV 
titers for at least 12 months, and the next dose extends the dura- 
tion of protection. Two single-antigen hepatitis A vaccines, 
HAVRIX (GlaxoSmithKline, Brentford, UK) and VAQTA (Merck 
& Co., Kenilworth, NJ), are currently licensed in the United 
States and are given on day 0, with a second dose given between 
6 and 36 months later. Combination vaccines include the hepa- 
titis A-typhoid vaccine (Vivaxim; Sanofi Pasteur, Lyon, France) 
and the hepatitis A-hepatitis B vaccine (Twinrix Junior, Twinrix; 
GlaxoSmithKline, Rixensart, Belgium). The hepatitis A—hepatitis 
B combination vaccine generally consists of three doses (at 0 
months, 1 month, and 6 months). The immunogenicity of the 
combination vaccine is equivalent to that of the monovalent hepa- 
titis A vaccines. Hepatitis A vaccine should be administered in the 
deltoid intramuscularly.” Vaccination can cause side effects, 
including injection site pain (15% to 19%), headache (14% to 
16%), and general fatigue (5%).'”’ No serious adverse events have 
been reported related to hepatitis A vaccination. 

Candidates for combination hepatitis A—hepatitis B vaccine 
include users of illicit drugs, men who have sex with men, indi- 
viduals with occupational risks (including healthcare), and indi- 
viduals with chronic liver disease and clotting-factor disorders. '** 
Patients with chronic hepatitis C should be vaccinated against 
HAV given the risk of superinfection leading to severe hepatic 
necrosis.” Vaccination against HAV is necessary in HIV-infected 
patients with chronic liver disease or anyone at increased risk, 
including those with chronic hepatitis or a history of injection 
drug use, men who have sex with men, travelers to endemic 
regions, and those with hemophilia.'”” The choice between mon- 
ovalent vaccine or combination hepatitis A—hepatitis B vaccine 
should be done on the basis of serologic tests and hepatitis B 
prevalence in the region or increased risk of exposure to hepatitis 
B virus because of sexual activity, illicit drug use, and other high- 
risk activities. "° 

Immunity is present in nearly all immunocompetent patients 
1 month after they have received the two doses.'*' Patients infected 
with HIV have lower response rates. One study showed 79.3% 
of HIV patients versus 100% of non—HIV-infected patients 
maintained anti-HAV 7 years after vaccination.” The median 
antibody concentration was lower at that point in HIV patients 
(113.0 mIU/mL) than in non—-HIV-infected patients (253.5 mIU/ 
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mL). Patients with chronic liver disease may also have lower 
rates of response to vaccination of 75% to 78%.'**'** Long-term 
persistence of protective antibodies due to vaccination has been 
demonstrated by serologic analyses in several clinical studies.'™ 
Hammit etal.” examined 128 adults receiving inactivated 


Recommended Groups for Preexposure 
Hepatitis A Vaccination in the United States 


Saget E 0 delay ae ve pug hepatitis A vaccine, with protective anti-HAV levels in 96% of 
2 years should receive vaccination all participants 9 years after the second dose. Follow-up of immu- 
at next visit nogenicity data suggests the antibody lasts for up to 25 years in 

: == : more than 95% of patients after two vaccine doses. °°"! Lifelong 

Children aged 2-18 yr Vaccinate if not done by routine persistence is possible on the basis of the kinetics of antibody- 
vaccination schedule before age . . : aie 
mee secreting cells, which can survive for long periods in the bone 

marrow. 

International travelers All travelers other than those traveling Residents of the United States traveling to areas other than 
to Canada, western Europe, Japan, Canada, western Europe, Australia, New Zealand, and Japan 
Australia, or New Zealand should be immunized. For travelers with more urgent plans to visit 

Planned close contact with Includes unvaccinated household or HAV-endemic areas, there is a rapid vaccination schedule (0 days, 

an international adoptee regular babysitting contacts 12 mo or 7 days, and 21 days), with an additional dose after 12 months 
older of international adoptees from to maintain long-term immunity.” For most healthy people 
a country of high or intermediate younger than 40 years, one dose of the monovalent hepatitis A 
hepatitis A endemicity vaccine administered at any time before departure can provide 

Men who have sex with Adolescents should also be considered adequate protection. Seroconversion progressively increases over 

men on the basis of social history time after immunization, with 80% after 2 weeks and 99% after 


1 month. The combination vaccine may take longer to induce 
detectable antibodies because of the smaller vaccine doses. 
There have been case reports of HAV infection in spite of vac- 


Illicit drug users Adolescents should also be considered 
on the basis of social history 


Individuals with chronic Because of increased risk of acute-on- cination. One young adult patient vaccinated against HAV with 
liver disease chronic liver injury aluminum-adsorbed vaccine 11 days before leaving for Kenya 
Individuals receiving clotting Because of increased risk of clinical contracted an acute symptomatic HAV infection. ‘The symptoms 


factor concentrates exposure were mild, with good recovery.“ This infection may have been 
related to the brief time between immunization and exposure. 
Hepatitis A is more life-threatening for immunocompromised 
patients, those older than 40 years, or those with chronic liver 
disease or other chronic diseases. Given the lower potential for 


Individuals who work with Because of increased risk of clinical 
hepatitis A in clinical/ exposure 
research settings 


Hepatitis A Vaccines 


Inactivated Hepatitis A Virus Vaccines 


Havrix Junior GlaxoSmithKline 0.5 mL (720 ELISA units of inactivated HAV antigens) 2-16 2 0, 6-12 mo 

Havrix 1440 GlaxoSmithKline 1 mL (1440 ELISA units of inactivated HAV antigens) >16 2 0, 6-12 mo 

Avaxim Sanofi Pasteur 0.5 mL (160 ELISA units of inactivated HAV antigens) sh) 2 0, 6-12 mo 

VAQTA Pediatric Merck 0.5 mL (25 units of inactivated HAV protein) 1-18 2 0, 6-18 mo 

VAQTA Merck 1 mL (50 units of inactivated HAV protein) >18 2 0, 6-18 mo 

Hepatitis A-Hepatitis B Combination Vaccines 

Twinrix Junior GlaxoSmithKline 0.5 mL (360 ELISA units of HAV antigens and 10 ug 1-16 3 0, 1, 6 months 
recombinant hepatitis B surface antigen protein) 

Twinrix 720/20 GlaxoSmithKline 1.0 mL (720 ELISA units of HAV antigens and 20 ug 1-16 3 0, 6, 12 months 
recombinant hepatitis B surface antigen protein) 

Twinrix 720/20 GlaxoSmithKline 1.0 mL (720 ELISA units of HAV antigens and 20 ug >16 3-4 0, 1, 6 mo or accelerated schedule 
recombinant hepatitis B surface antigen protein) days 0, 7, and 21 to 30, with 

booster at 12 mo 
Hepatitis A-Typhoid Combination Vaccine 
Vivaxim Sanofi Pasteur 1.0 mL (160 ELISA units of HAV antigens) >16 2 0, 6-36 mo 


ELISA, Enzyme-linked immunosorbent assay; HAV, hepatitis A virus. 
Data from Wu D, Guo CY: Epidemiology and prevention of hepatitis A in travelers. J Travel Med 2013 20(6):394-399, 2013; Nothdurft HD, Dietrich M, Zuckerman JN, et al: A new accelerated vaccination 
schedule for rapid protection against hepatitis A and B. Vaccine 20(7-8):1157-1162, 2002. 


successful vaccination for these patients or those planning to 
depart for a trip in less than 2 weeks, simultaneous administration 
of immune globulin (0.02 mL/kg) with the vaccine may be con- 
sidered.''*' A single dose of immune globulin (0.02 mL/kg) 
provides protection for up to 3 months for infants younger than 
12 months or patients with allergy to a vaccine. For travel longer 
than 3 months, an immune globulin dose of 0.06 mL/kg should 
be used and a repeated dose should be given for travel longer than 
5 months.“ 


Postexposure Prophylaxis 


In patients aged between 12 months and 40 years with recent 
hepatitis A with no previous immunization, a single dose of 
single-antigen vaccine is the preferred prophylaxis." Alterna- 
tively, immune globulin can be used. Vaccine or immune globulin 
should be given within 2 weeks of exposure because effectiveness 
beyond 2 weeks is unknown. Immune globulin (0.02 mL/kg) is 
recommended if the vaccine is contraindicated or the patient is 
older than 40 years, younger than 1 year, has chronic liver disease, 
or is immunocompromised. 

A clinical trial comparing the efficacy of hepatitis A vaccine 
and immune globulin in prevention of symptomatic hepatitis A 
when administered less than 14 days after exposure to HAV in 
patients aged 2 years to 40 years“ found infection occurred in 
4.4% of those receiving hepatitis A vaccine and in 3.3% of those 
receiving immune globulin (relative risk 1.35; 95% confidence 
interval 0.70 to 2.67), indicating noninferiority. Without postex- 
posure prophylaxis, secondary attack rates of 15% to 30% have 
been reported in households, the highest rates with infected chil- 
dren.'“° Attack rates among HAV-infected food handlers are gen- 
erally low.''* The magnitude of risk in each situation is a key factor 


CHAPTER 35 Hepatitis A 


in determining whether to use immune globulin or vaccine. Pro- 
phylaxis is not usually necessary for individuals in contact with a 
person who has hepatitis A when a single case occurs in an ele- 
mentary or secondary school or office setting, if the source of 
infection is outside that setting, or when a patient with hepatitis 
A is admitted to a hospital.'"* 


Conclusion 


There are an estimated 1.5 million HAV infections each year 
transmitted through the fecal-oral route leading to self-limited 
disease of the liver. Prevalence rates globally range from 15% 
to 100% and are tied closely to socioeconomic development. 
Infection is generally asymptomatic in young children but may 
be devastating in older children or adults. Management of acute 
hepatitis A remains supportive care. If hepatitis A is compli- 
cated by acute liver failure, potential management includes use of 
N-acetylcysteine and possibly liver transplantation. Key aspects of 
viral management include prevention of transmission to high-risk 
groups, including travelers, especially older patients, patients with 
chronic liver disease, injection drug users, and men who have 
sex with men. Such prevention can be through careful attention 
to hygiene and careful handling of food and water, as well as 
through vaccination or immune globulin treatment of persons 
from regions of low endemicity who are at risk of contracting 
the virus. Epidemiologic and cost-benefit analyses are key to the 
determination of national policies for immunization for HAV. 
The World Health Organization continues to emphasize eco- 
nomic evaluation of vaccination versus improved sanitation for 
management of hepatitis A. Thus health policies regarding HAV 
infection prevention and management differ depending on the 
prevalence and seropositivity in each country. 


SUMMARY 


Recent Progress 

e Management of acute liver failure due to hepatitis A includes use of 
N-acetylcysteine, concurrent with consideration of liver transplantation 

e Strong recommendations for vaccination in infants older than 23 months 
and patients at high risk 

e Broad recommendations for vaccination of immunosuppressed patients, 
patients infected with HIV, and patients with chronic liver disease 


Knowledge Gaps 
e Continued need for updated information on the durability of immunity 
with hepatitis A vaccine 


References 


e Medical treatment for hepatitis A remains limited to supportive therapy 
and N-acetylcysteine; beyond body transplant, no other directed 
treatments for acute liver failure available 


Future Directions 

e improved therapeutics for acute liver failure to prevent death or the need 
for transplant in the sickest patients 

e Improvement in vaccination to reduce the need for multiple injections 

e Improvement of vaccination efficacy in patients with chronic diseases or 
those who are immunocompromised 


The complete reference list is available at www.expertconsult.com. 
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ABBREVIATIONS 


ALT alanine aminotransferase 

FHF fulminant hepatic failure 

GBS Guillain-Barré syndrome 

HEV hepatitis E virus 

HIV human immunodeficiency virus 
ORF open reading frame 


Introduction 


For many years hepatitis E virus (HEV) was thought to be largely 
restricted to endemic developing countries and only of clinical 
relevance in developed countries in returning travelers. In the last 
few years this notion has been shown to be mistaken, as hepatitis 
E is endemic in many developed countries. In such settings it is 
largely a porcine zoonosis caused by HEV genotype 3 (HEV3) 
and HEV genotype 4 (HEV4), and human infection is surpris- 
ingly common. Hepatitis E is, therefore, an infection of global 
significance and is the commonest cause of acute viral hepatitis 
worldwide.’ 


History of Hepatitis E 


Hepatitis E was not recognized as a distinct disease until 1980, 
when waterborne epidemics of hepatitis in India previously 
thought to have been caused by hepatitis A virus (HAV) were 
shown to have occurred in persons who were already immune to 
HAV.’ Three years later the etiologic agent (tentatively desig- 
nated as epidemic non-A non-B hepatitis, or enterically transmitted 
non-A non-B hepatitis) was transmitted to a volunteer following 
ingestion of a pooled fecal extract from Soviet troops with unex- 
plained hepatitis stationed in Afghanistan.‘ The viral genome was 
cloned and sequenced in 1990,’ and the virus was renamed hepa- 
titis E virus. 

In retrospect it is probable that most waterborne clinical hepa- 
titis occurring in developing countries in the first half of the 
twentieth century or earlier was hepatitis E and not hepatitis A.° 
For more than 20 years following its discovery, HEV was thought 
to be largely restricted to endemic areas in Asia, Africa, and 
Mexico, where it causes sporadic cases of hepatitis and more 
dramatic outbreaks involving thousands or tens of thousands of 
cases. More recently it has become clear that locally acquired 
hepatitis E is a health issue also in developed countries.’ 


522 


Virology 


Taxonomy 


According to the International Committee on Taxonomy of 
Viruses, HEV is classified in the family Hepeviridae. There are 
several genotypes found in mammals, birds, and fish. A classifica- 
tion that divides the family Hepeviridae into two genera, Ortho- 
hepevirus and Piscihepevirus, has been proposed.” Within the 
genus Orthohepevirus, four species have been designated that 
infect mammalian species (Orthohepevirus A, Orthohepevirus C, 
and Orthohepevirus D) and avian species (Orthohepevirus B). 
Orthohepevirus A contains HEV strains that are able to infect 
humans and these are divided into four major genotypes. HEV 
genotype 1 (HEV1) and HEV genotype 2 (HEV2) have been 
recovered only from humans, whereas HEV3 and HEV4 have 
been recovered from humans and a number of other animal 
species such as swine, wild boar, and deer. Other genotypes, 
including strains from rabbits, wild boars, and camels, also belong 
to Orthohepevirus A. All genotypes of HEV infecting humans 
belong to the same serotype. The species Orthohepevirus B (infect- 
ing chicken), Orthohepevirus C (infecting rat and ferret), and 
Orthohepevirus D (infecting bat) and the genus Piscihepevirus 
(infecting trout) contain strains that do not infect humans. 


Structure and Morphology 


HEV is a small spherical virus, has an icosahedral capsid, and is 
quasi-enveloped.”’'” Whereas the virus sheds in feces and in the 
external environment is naked, the virus circulating in blood is 
associated with lipids. The naked particle is approximately 27 nm 
to 34 nm in diameter and the density is 1.27 g/cm’ in sucrose 
density gradients. By contrast, the particle associated with lipids 
(quasi-enveloped HEV [eHEV]) is larger and the density is 
1.15 g/cm’. The virions produced in cell culture systems are also 
associated with lipids. The host-derived membranes of eHEV 
protect the virion from antibody-mediated neutralization and 
could play an important role in cell entry. 


Genome Organization and Proteins 


The HEV genome is a single-stranded, positive-sense RNA of 
approximately 7.2 kb. The genome consists of a short 5’ noncod- 
ing region that is capped with 7-methylguanosine, three open 
reading frames (ORFs), and a short 3’ noncoding region that is 
terminated by a stretch of adenosines (Fig. 36-1). 


CHAPTER 36 Hepatitis E 


5'UTR 
C [ORFS] S'UTR 
ma- | mt | y | Pro | | PPR | x Hel Pol 
l l l Poly A 
| = 
(0) 1 2 3 i 4 5 6 7 7.2 kb 
7MG Poly A 
Genomic RNA 7.2 kb 
7G 1al Poly A 


Subgenomic RNA 2.2 kb 


e Fig. 36-1 Hepatitis E virus genome. The 5’ end of the RNA genome is capped with 7-methylguanosine 
('"G), and the 3’ end is polyadenylated (poly A). Open reading frame (ORF) 1 encodes the nonstructural 
proteins, including a methyltransferase (MT), cysteine protease (P), helicase (Hel), and RNA polymerase (Pol), 
as well as three regions of unknown function (Y, polyproline region [PPR], and X). UTR, Untranslated region. 


ORF1 encodes a nonstructural protein of approximately 
1700 amino acids containing several functional domains.'' 
These include a methyltransferase/guanyltransferase responsible 
for capping the viral genome, a papain-like cysteine protease, 
a macrodomain, a helicase exhibiting RNA 5’-triphosphatase, 
nucleoside triphosphatase, and RNA unwinding activity, and an 
RNA-dependent RNA polymerase. A variable region containing a 
proline-rich hinge, called the polyproline region, is located between 
the protease and the macrodomain (X region). The PPR is an 
intrinsically disordered region where segments of human gene 
have been identified in vitro and in vivo.'*'° This region could be 
involved in virus adaptation.'”'’ A greater heterogeneity of poly- 
proline region quasispecies in the acute phase of HEV infection 
was found in immunocompromised patients who develop chronic 
infection than in individuals with resolving infection.’ 

ORF2 encodes the viral capsid protein of 660 amino acids that 
forms the capsid through dimerization.” Each monomer contains 
a shell domain, a middle domain, and a protruding domain.””*! 
During assembly, capsid monomers self-assemble into dimers and 
subsequently into decamers that encapsidate the viral RNA. The 
virion-sized capsid is a T= 3 icosahedral capsid, whereas the 
recombinant HEV capsid protein can self-assemble into a T= 1 
viruslike particle that retains the antigenicity of the native HEV 
virion.” Immunologic and structural studies of the capsid protein 
have contributed to the development of hepatitis E vaccine?! A 
high heterogeneity of HEV quasispecies in the region encoding 
the middle and protruding capsid domains was associated with 
chronic evolution of HEV infection in immunocompromised 
patients.” 

ORF3 encodes a small protein of 133 (for HEV3) or 114 
amino acids that is involved in the release of virus from cells. The 
ORF3 protein interacts with the capsid protein in a manner 
dependent on phosphorylation of ORF3 at Ser80.*° The ORF3 
protein also contains a PSAP motif that specifies interactions with 
host endosomal complex required for transport I proteins involved 
in the budding of many enveloped viruses.*””* 


Hepatitis E Virus Life Cycle 


Despite the recent development of cell culture systems and animal 
models,” the HEV life cycle is still poorly understood 
(Fig. 36-2). HEV particles attach to liver cells via heparin sulfate 


proteoglycans and other potential receptors and then undergo 
clathrin-mediated endocytosis.*' Heat shock protein 90 and 
tubulin seem to be involved in the early intracellular trafficking 
of the virus,” but where and how the virus becomes uncoated and 
its RNA released are unknown. The virus RNA is directly trans- 
lated into ORF1 polyprotein. Whether the polyprotein is cleaved 
into its separate functional units or functions as a single multi- 
domain protein remains to be answered. The viral methyltransfer- 
ase, protease, helicase, and polymerase activities are used to 
replicate the genomic RNA into negative-sense RNA intermedi- 
ates that then serve as templates for the synthesis of genomic and 
subgenomic positive-sense RNAs. The subgenomic RNA is trans- 
lated into the ORF2 and ORF3 proteins.” The positive-sense 
genomic RNA is packaged into progeny virions. The ORF3 
protein contains a PSAP motif that is necessary for the release of 
virions from infected cells. Tumor susceptibility gene 101 and the 
enzymatic activities of vacuolar protein-sorting protein 4A and 
vacuolar protein-sorting protein 4B are both involved in this 
process.” HEV may use the multivesicular body pathway for 
virion release. HEV particles could acquire a membrane when 
they are released with internal vesicles from the multivesicular 
body via the cellular exosomal pathway.” 


Genetic Heterogeneity 


The variability of the nucleotide sequences among the four major 
HEV genotypes is approximately 22% to 27%. These genotypes 
have been divided into several subgenotypes*: 5 for HEV1 (la, 
1b, 1c, 1d,le), 2 for HEV2 (2a and 2b), 10 for HEV3 (3a, 3b, 
3c, 3d, 3e, 3f, 3g, 3h, 3i, and 3j), and 7 for HEV4 (4a, 4b, 4c, 
4d, 4e, 4f, and 4g). On the basis of comparisons of full-length 
genome sequences, HEV3 variants were divided into two major 
clades corresponding to HEV3a, HEV3b, HEV3c, HEV3i, and 
HEV3j, and HEV3e, HEV3f, and HEV3¢.” Rabbit strains with 
close sequence homology to HEV3 have recently been described 
in both rabbits” and humans.” In addition, fragments of human 
genes have recently been found inserted into the polyproline 
region of HEV RNA obtained from chronically infected patients 
(part of the S19 ribosomal gene, tyrosine aminotransferase, or 
inter-alpha-trypsin inhibitor)'*’’ or from cell culture systems 
(portions of the S17 ribosomal gene).'° These strains with inserted 
sequences replicated better in vitro. 
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e Fig. 36-2 Hepatitis E virus (HEV) life cycle. HEV particles become 
bound to the proteoglycan heparan sulfate at the hepatocyte surface (7), 
interact with their unknown specific receptor (2), and are internalized in a 
clathrin-dependent process (3). The virus undergoes uncoating (4), and 
RNA is released and is translated into nonstructural proteins in the host 
cell cytoplasm (5). Virus polymerase replicates the positive-sense genomic 
RNA to form a negative-sense transcript (6). This negative-sense RNA 
serves as a template for the synthesis of full-length positive-sense tran- 
scripts (7) or a 2.2-kb subgenomic RNA (8). The positive-sense RNA is 
translated into open reading frame 2 (ORF2) (triangle) and open reading 
frame 3 (ORF3) (circles) proteins (9). The ORF2 protein passes through 
the endoplasmic reticulum and packages the viral genomic RNA to 
assemble new virions (70). HEV release involves the exosomal pathway 
and ORFS (77). Mature virions are associated with ORFS protein and lipids 
(12). They are released into the biliary canaliculi, where they lose their lipids 
because of the detergent action of the bile salts (13). 


Epidemiology 


Worldwide, hepatitis E occurs in two different patterns that cor- 
relate with the distribution of infecting viral genotypes (Fig. 
36-3). HEV1 is endemic in Asia and parts of Africa, is limited to 
humans, and is waterborne, often causing large outbreaks. HEV2 
has similar epidemiology but is geographically more restricted to 
Africa and Latin America. HEV3 and HEV4 are zoonotic, affect- 
ing a wide range of mammalian species, particularly pigs. HEV3 
is very widely dispersed, whereas HEV4 is most common in East 
Asia. The zoonotic genotypes generally result in sporadic cases of 
hepatitis E rather than outbreaks.“ Given the varied routes of 
transmission and geographic distribution of the different viral 
genotypes, it is not surprising that the epidemiology of the infec- 
tions differs by genotype. The reported hepatitis E epidemiology 
depends very much on testing practices as well as the underlying 
pattern of infection. In less developed countries, diagnostic tests 
may not be performed because of lack of access to healthcare, or 
the costs of testing and reporting systems may not be robust. In 
more developed countries, lack of awareness among clinicians or 


lack of available assays mean that reported rates underestimate the 
true incidence. With these provisos in mind, the situation in dif- 
ferent geographic areas is described in the following sections 


(Table 36-1). 


Classic (Endemic) Hepatitis E 


Hepatitis E first came to prominence as the cause of large water- 
borne outbreaks of acute hepatitis and jaundice in the Indian 
subcontinent and China. In these areas there is thought to be 
continuous low-level transmission interspersed with episodes of 
intense transmission via fecally contaminated drinking water 
when sanitation breaks down (e.g., during heavy rains).“” Water- 
borne infection results in the exposure and infection of large 
numbers of susceptible people in a short time and results in dra- 
matic outbreaks, such as the Kanpur (India) epidemic in 1991 
when an estimated 79,000 people were affected.*! 

Direct person-to-person spread of the virus seems less efficient 
than waterborne spread because secondary cases are rarely detected 
among household contacts of individuals with hepatitis E during 
outbreaks. In Africa, HEV1 and HEV2 have wide distributions 
that may overlap. Both genotypes have been recorded from out- 
breaks among displaced people as well as sporadic cases. Although 
waterborne transmission may account for many of these cases, 
there is evidence from a large outbreak of HEV1 infection in 
Uganda that intrahousehold transmission does occur.“ 

During outbreaks of hepatitis E, the attack rate of clinically 
apparent disease is reported to be between 1% and 15% in India,” 
but much higher rates have been observed elsewhere; for instance, 
during a Ugandan outbreak the rate was 30.5%.“ The proportion 
of asymptomatic cases during outbreaks is unclear but the rate of 
infection is likely to be much higher than the clinical attack rate. 
Previous exposure and subsequent immunity must determine the 
proportion of the exposed population susceptible to infection, and 
this probably plays a large role in determining the attack rate. 
Reinfection does occur, possibly when antibody levels fall below 
a critical value.“ 

During outbreaks the age group most affected is young adults, 
particularly males. For instance, during the Kanpur epidemic," 
81% of affected individuals were aged 10 to 39 years and the odds 
ratio for infection in males versus females was 1.73. Serious infec- 
tion, with associated high mortality, disproportionately affects 
pregnant women and people with preexisting liver disease (see the 
section entitled “Complications of Hepatitis E Virus Infection”). 
This predilection for pregnant women is a specific feature of 
hepatitis E, which may point to the cause of outbreaks both in 
the past and in the present. Outside these special patient groups, 
mortality rates are generally low, but in vulnerable groups they 
may be higher; in an outbreak among displaced persons in Sudan, 
the death rate was 17.8%.“ 


Sporadic (Zoonotic) Hepatitis E 


Hepatitis E has been recognized in travelers returning from 
endemic countries since it was first described, and was regarded 
as an uncommon imported infection in developed countries until 
approximately 15 years ago. The detection of HEV3 and HEV4 
strains from individuals with hepatitis in the United States, Japan, 
China, and Europe with no history of recent travel made it clear 
that infection could be locally acquired in these regions.’ At 
approximately the same time, genetically very similar strains were 
detected in the same areas from other animals, including wild and 
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e Fig. 36-3 Worldwide distribution of clinical cases of hepatitis E virus infection. In a number of countries, 
including countries in South America, there have been occasional reports of hepatitis E virus genotype 3 
infection. Countries left blank are considered those with insufficient data. There has been a recent dramatic 
increase in the incidence in the Netherlands, which is now considered an hyperendemic area, along with 


southwestern France. 


farmed pigs and deer.“ Latterly, HEV has been detected in retail 
meat products in these countries.“ In a few cases, foodborne 
transmission has been proven when the same virus strains have 
been detected in epidemiologically linked foods and infected 
humans.” Implicated foods include raw deer meat, pig liver 
sausage, wild boar meat,’ and shellfish. Direct animal contact 
may be the source of infection in some cases, evidenced by higher 
rates of anti- HEV antibody in pig farmers and veterinarians.” 
Environmental contamination with animal feces may be another 
source, either directly via contaminated water or indirectly via 
contaminated food crops (Fig. 36-4). However, there is little 
direct evidence of either route, and in the great majority of cases 
the source of infection is undetermined. A few case clusters have 
been reported in relation to common food sources or exposures” 
but there is very little evidence of person-to-person spread, except 
via the human blood supply. For these reasons HEV3 and HEV4 
are believed to be largely zoonotic in origin. 

As noted already, virtually all hepatitis E cases in developed 
countries are sporadic and zoonotic. As with infection in endemic 
areas, males are affected more frequently than females (male-to- 
female ratio >3.1) and the mean age of those affected (>50 
years)? is much higher than in endemic areas.“ There are no 
reports of excess mortality in pregnant women with HEV3 or 
HEV4 infection. In a small minority of cases HEV has been 
transmitted from human to human via blood, as HEV RNA 
has been detected in blood products in many countries and 


transfusion-related infection has clearly been documented in 
recipients of blood products (Tables 36-2”°™ and 36-3”), 
Transfusion-transmitted HEV accounts for approximately 1% of 
human infections with HEV in England.” 


Seroepidemiology 


The serologic response to HEV infection includes the production 
of specific IgG class antibodies that persist for some time after the 
acute event and protect against further infection. These antibod- 
ies could therefore be used as markers of previous infection and 
allow estimation of cumulative rates of infection. Many epidemio- 
logic studies have used HEV IgG seroprevalence rates to compare 
populations and draw conclusions about the epidemiology of 
HEV. Early studies assumed that HEV IgG detected in popula- 
tions where hepatitis E was not seen was due to cross-reacting 
antibodies, but there is now good evidence that it reflects prior 
infection. For instance, studies have shown that HEV IgG serop- 
revalence mirrors other measures of HEV transmission (see Tables 
36-2 and 36-3). For example, southwestern France has high rates 
(52%) of HEV IgG seropositivity and HEV infection (1 in 
1411) viremia in blood donors (combined rate for the Aquitaine- 
Limousin and Pyrénées-Méditerranée regions),® England has 
intermediate rates of HEV IgG seropositivity (16%)” and viremia 
(1 in 2848),’° and Scotland has low rates of both (4.7% and 
1 in 14,520).°° 
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TABLE 
Pei Comparison of Hepatitis E Virus Genotypes 1 and 2 With Genotypes 3 and 4 


SIZONNEN Specific Diseases 


Geographic distribution 


Asia (HEV1) 
Africa (HEV1 and HEV2) 
Mexico (HEV2) 


Worldwide, including developed countries (HEV3) 
Japan, China, Europe (HEV4) 


Source of infection 


Obligate human pathogen 


Zoonotic: primary host is pigs; deer, wild boars, rabbits, and shellfish are other 
hosts implicated in human infection 
Blood supply 


Route of infection 


Orofecal via infected water 


Oral via consumption of infected pork 
Parenteral, iatrogenic: human to human via blood products 


Infection from blood supply Low Possible 
Outbreaks Yes No 
Intrafamilial spread Maybe No 
Clinical attack rate 182 <1:10 


Demographics 


Mainly affects young adults 
(male-to-female ratio 2:1) 


Mainly affects older men (median age 63 yr, male-to-female ratio 3:1) 


Chronic infection 


No 


Yes, in the immunocompromised 

Rapidly progressive liver disease if untreated in some: 10% of those infected are 
cirrhotic within a few years. Viral clearance is usually achieved with reduction 
in immunosuppression and/or a 3-month course of ribavirin monotherapy 


Can second HEV infections occur? 


Yes, but not well documented 


Yes 

Not well documented for HEV3 

Well documented in HEV4: more likely in women who have a milder hepatitis 
than that seen in primary infections 


Clinical course 


Self-limiting hepatitis in most 


Self-limiting hepatitis in most 


Pregnancy 


Mortality 25% 


Increased mortality not seen 


Underlying chronic liver disease 


Increased mortality 


Increased mortality 


Neurologic sequelae 


Yes, poorly documented 


Yes 


HEV, Hepatitis E virus; HEV7, hepatitis E virus genotype 1; HEV2, hepatitis E virus genotype 2; HEV3, hepatitis E virus genotype 3; HEV4s, hepatitis E virus genotype 4. 


Comparing seroprevalence data from different sources is more 
difficult, as HEV IgG assays differ in their performance” and so 
estimates of seroprevalence differ significantly depending on 
which assay is used. In one study the HEV IgG positivity differed 
more than threefold” (16.6% vs. 52.5%) when two commercial 
assays were used in a French blood donor population. Conse- 
quently, comparisons of seroprevalence between populations are 
only valid if the same assays are used. The situation is further 
complicated by the finding that some individuals may not mount 
a detectable IgG response to HEV infection and uncertainty over 
the duration of detectable HEV IgG after acute infection. 

Despite the above-mentioned limitations, seroprevalence 
studies do offer some clues about the current and past epidemiol- 
ogy of HEV infection. In most endemic countries, HEV sero- 
prevalence is low in children and starts to rise in adolescents and 
young adults, which correlates with the pattern of acute infections 
described earlier. In European countries, where HEV3 predomi- 
nates, a similar pattern is seen, with very low rates in children 
even in areas where adult rates are high.” This must reflect dif- 
ferential exposure or susceptibility with age, but the underlying 
reason is not known. In Egypt, which is an endemic area, the rates 
of HEV IgG seropositivity start to rise in early childhood, which 


suggests that the pattern of transmission differs from that in other 
endemic areas. ° Firm conclusions are not possible without further 
validation of IgG assays for seroepidemiology and longitudinal 
studies of HEV IgG levels over time. 


Incidence 


Every year an estimated 20 million HEV infections occur in 
developing countries, resulting in more than 3 million clinical 
cases and 70,000 deaths.’ This figure for the global burden of 
disease is an underestimate, as it included data from a limited 
number of developing countries. In addition, the calculations 
were based, in part, on seroprevalence data that may have under- 
estimated the true seroprevalence. For example, a recent study 
from Bangladesh showed that seroprevalence rates nearly doubled 
when a sensitive IgG assay was used.” 

In developed nations the incidence of locally acquired hepati- 
tis E varies considerably between countries and over time. The 
incidence has been estimated at 0.2% in the United Kingdom,” 
1.1% in the Netherlands,” and 2% to 3% in southern France.” 
Evidence suggests that these are mainly locally acquired zoonotic 
infections, as recent data from France show that 99% of French 
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e Fig. 36-4 Sources and routes of infection of zoonotic hepatitis E virus genotype 3 in developed coun- 
tries. (From Kamar N, Bendall R, Legrand-Abravanel F, et al. Hepatitis E. Lancet 2012;379:2477-2488. 
Copyright Elsevier.) 


Hepatitis E Virus Viremia and Seroprevalence 
in Blood Donors in Highly Endemic 
Developed Countries 


Hepatitis E Virus Viremia and Seroprevalence 
in Blood Donors in Countries With 
Intermediate/Low Endemnicity 


Netherlands 1:600 27.0 Zaaijer” England 1:2848 *12.0 Hewitt et al.”° 
1:2671 Slot et al.“ 1:7000 16.0 jaz et al.” 
65 
Midi-Pyrénées, 1:1595 52.5 Gallian et al. = cal 
60 alton et al. 
southwestern Mansuy et al. 

France* Sweden 1:7986 Baylis et al.°° 
France* 1:2218 Gallian et al.” Austria 1:8416 13.5 Fischer et al.®° 
Germany 1:1200 29.5 Vollmer et al.®? United States Nil 16.0 Baylis et al.°° 

1:4525 Baylis et al.°° Nil* Xu et al.” 
Wenzel et al.® 
2 Scotland 1:14,520 4.7 Cleland et al.“ 
Japan 1:1781 Fukuda et al.” 

Ë pe Australia Nil 6.0 Shrestha et al.” 

China‘ 1:1493 32.6 Guo et al.” 
ee New Zealand NA 4.0 Dalton et al.°” 
Highly endemic has been arbitrarily defined as an incidence of hepatitis E virus (HEV) viremia Fiji NA 2.08 Halliday et all. 


in blood donors greater than 1 in 2500 and/or seroprevalence of greater than 20%. Sero- 
prevalence studies have been restricted to those using the highly sensitive and partially vali- 
dated Wantai anti-HEV IgG assay, as other assays have been shown to have very poor 
sensitivity. HEV RNA was genotype 3 in all cases, except where stated. Note the dramatic 
increase in viremia documented recently in the Netherlands from 1 in 2671 (2011) to 1 in 
600 (2014). The reason for this increase is unknown. 

“Deconstructed solvent-detergent treated mini pools. 

tOf those with HEV viremia, 57% were genotype 1 and 43% were genotype 4. 


Intermediate/low endemnicity has been arbitrarily defined as an incidence of hepatitis E virus 
(HEV) viremia in blood donors greater than 1 in 2500 and/or seroprevalence of less than 
20%. Seroprevalence studies have been restricted to those using the highly sensitive and 
partially validated Wantai anti-HEV IgG assay, as other assays have been shown to have very 
poor sensitivity. HEV RNA was genotype 3 in all cases. 

*Only 1,939 donors tested. 

‘Only 3,237 donors tested. 

+Healthy adults and children. 

NA, Not available. 
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e Fig. 36-5 Hepatitis E virus genotype 3 infection in developed countries. 
In the vast majority of cases infection is asymptomatic. 


cases are autochthonous. The incidence figures above equate to 
very large numbers of annual infections with HEV. For example, 
in England it is thought that there are 100,000 infections per 
year.” In contrast, in 2014 there were only 869 laboratory con- 
firmed cases.” The discrepancy between incidence and rates 
of observed cases suggests that most cases are asymptomatic 
(Fig. 36-5). Underdiagnosis of symptomatic cases is also a con- 
tributory factor. 

Seroprevalence studies show that seroprevalence rates are high 
in the elderly, but the incidence of infection has declined in the 
last few decades. The most likely explanation for these observa- 
tions is that hepatitis E was much more common in the 1950s 
and 1960s, suggesting a cohort effect.*” However, there appears 
to have been an increase in incidence in a number of countries in 
the last few years. The most dramatic increase has been seen in 
the Netherlands, where the number of viremic blood donors 
increased from 1 in 2671 in 2011-2012" to 1 in 600 in 2014,“ 
accompanied by rapidly increasing seroprevalence rates in young 
adults.” The explanation for this marked increase in incidence is 
unknown. The Netherlands, together with southern France, is 
currently considered a hyperendemic area for locally acquired 
hepatitis E (see Fig. 36-3). 

The incidence of hepatitis E has also increased recently in the 
United Kingdom. This increase has been accompanied by a change 
in the strains of HEV recovered from human patients. Histori- 
cally, HEV RNA causing human disease in the United Kingdom 
has had very close sequence homology to HEV RNA found in 
U.K. pigs. In recent years, coinciding with increased incidence, 
HEV RNA causing human cases in the United Kingdom now 
bears much more similarity to HEV found in pigs from continen- 
tal Europe. The explanation for this observation is not certain 
but it suggests that there has been a significant and recent 


pertubation of the European food chain related to pork for human 
consumption.” 


Hepatitis E in the United States 


In contrast to the large number of cases of locally acquired hepa- 
titis E that have been documented in the Europe and other devel- 
oped countries, there have been surprisingly few cases in the 
United States. Of 154 persons tested for HEV by the Centers for 
Disease Control and Prevention between 2005 and 2012, only 26 
tested positive. Fifteen patients had no history of travel and were 
considered to have locally acquired infection.*’ Thus laboratory- 
confirmed locally acquired hepatitis E is exceedingly rare in the 
United States. This raises the question of whether the epidemiol- 
ogy of HEV is different in the United States compared with other 
developed nations, The answer is almost certainly that it is not. 
HEV is common in U.S. pig herds, and viable HEV RNA has 
been found in pork products in the U.S. human food chain. The 
seroprevalence in the United States in 1988-1994 was 21%,* and 
although the seroprevalence has fallen in recent years,” the inci- 
dence is 0.7%.*° This latter figure implies there are approximately 
2 million infections per year in the United States. In common 
with other developed countries, in the United States hepatitis E 
is likely to be mostly asymptomatic. However, it seems almost 
certain that most symptomatic cases are simply missed. The 
reasons for this are twofold: firstly, HEV is not on most U.S. 
physicians’ radar as a diagnostic possibility; secondly, there are 
currently no licensed diagnostic tests for HEV in the United 
States. 


Acute Hepatitis E Virus Infection 


In developing countries, hepatitis E is caused by HEV1 and 
HEV2, and mainly affects young adults. Infections are sporadic, 
with occasional large outbreaks involving hundreds or thousands 
of people. The incubation period is approximately 40 days, and 
infections may range from inapparent to fulminant hepatitis, with 
an overall reported mortality of approximately 1%. Clinical signs 
and symptoms may include malaise, anorexia, abdominal pain 
and tenderness, nausea, vomiting, fever, and jaundice. Biochemi- 
cal evidence of hepatitis includes elevated serum levels of liver 
enzymes and bilirubinemia; the levels generally return to normal 
within 6 weeks of onset.” 

The clinical features of hepatitis E in developed countries are 
similar to those seen in endemic developing nations, and are virtu- 
ally indistinguishable from those observed in any form of acute 
viral hepatitis, except that a minority of patients present with a 
primarily neurologic illness (see the section entitled “Complica- 
tions of Hepatitis E Virus Infection”). However, there are some 
important differences (Table 36-4; see also Table 36-1), the most 
notable of which is that acute hepatitis E in developed countries 
is commonly asymptomatic (see Fig. 36-5) and clinical illness is 
mostly observed in middle-aged and elderly males.”*”?*” 


Chronic Hepatitis E Virus Infection 


HEV3 infection can lead to chronic hepatitis in immunocompro- 
mised patients. Chronic infection has been documented in solid 
organ transplant recipients (both adults and children), individuals 
infected with human immunodeficiency virus (HIV) having a low 
CD4* T-cell count (<250/mm?’), and hematology patients receiv- 
ing chemotherapy.” Chronic infection with HEV4 has been 


WAE Symptoms of Acute Hepatitis E Caused 
ae by Hepatitis E Virus Genotype 3 


Jaundice (58%) Abdominal pain (26%) Neurologic (8%)* 

Malaise/lethargy (34%) Anorexia (23%) Headache (8%) 

Nausea/vomiting Myalgia (14%) Arthralgia (7%) 
(29%) Fever (11%) Pruritus (7%) 


Weight loss (10%) Miscellaneous (<5%)' 


Data derived from a hospital-based series of 106 patients with locally acquired hepatitis E 
from southwestern England. In this series, 9% of patients had no symptoms. This is a gross 
underestimate of the incidence of asymptomatic infection in the general population. 
*Patients presenting with neurologic illness were younger and had a milder hepatitis than 
those patients presenting without neurologic symptoms. 

‘Back pain, diarrhea, rash, muscle weakness. 


reported in only one study. There have been no reports of patients 
with an HEV1 or HEV2 infection with chronic hepatitis E.” 
Chronic HEV infection was previously defined as persistent HEV 
RNA in the serum and/or the stools for at least 6 months.” As 
solid organ transplant patients do not clear HEV spontaneously 
between 3 months and 6 months after infection, chronic HEV 
infection is now defined as HEV replication persisting beyond 3 
months after infection.” Strikingly, nearly 10% of solid organ 
transplant patients with chronic HEV infection develop cirrhosis 
within a few years (3 to 5 years) following the primary infection 
if it is untreated.” 

In solid organ transplant patients living in France, the inci- 
dence of HEV infection, based on the detection of HEV RNA, 
ranges from 0.9 to 3.5%.” An acute infection evolves to a 
chronic HEV infection in nearly 60% of patients.” Having a 
lower CD4* T-cell count, a lower HEV-specific T-cell response, 
and receiving a potent immunosuppressive therapy have all been 
associated with progression to chronic HEV infection.” The 
use of tacrolimus rather than cyclosporine and a low platelet 
count has also been associated with HEV persistence.” It has 
been suggested that the use of mycophenolic acid may prevent 
HEV infection from becoming chronic.” Increased HEV qua- 
sispecies heterogeneity, a weak inflammatory response, and 
high serum chemokine concentrations also seem to be associ- 
ated with HEV persistence.” HEV reinfection is possible and 
can evolve to chronic hepatitis in HEV seropositive solid organ 
transplant patients having a low anti-HEV IgG concentration 


(<7 IU/mL).” 


Complications of Hepatitis E Virus Infection 


Hepatic Complications 


In developing countries the mortality rate for acute hepatitis E is 
approximately 1%. This is largely due to acute hepatic failure in 
pregnant women (mortality rate 20% to 25%) but is also due to 
infections in patients with underlying chronic liver disease (mor- 
tality rate up to 70%).*°°’ Numerous studies from developing 
countries have shown excess mortality in pregnant women who 
develop hepatitis E. Deaths usually occur in the third trimester 
from obstetric problems, including hemorrhage, eclampsia, and 
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associated fulminant hepatic failure (FHF). Stillbirths are 
common, as is vertical transmission to surviving infants, who have 
increased neonatal morbidity and mortality.” The excess mortality 
in pregnancy with HEV1 and HEV? infection is unique. It is not 
seen with HEV3 and HEV4 infection, although there have been 
few documented cases.'”” Nor is it seen with other hepatotropic 
viruses. 

The cause of excess maternal mortality in patients with hepa- 
titis E is uncertain, and has been the subject of much debate. 
Recent studies have shown that in women infected with HEV, 
higher viral loads were observed in pregnant women than in 
nonpregnant women.'”’'°* Pregnancy is characterized by a state 
of maternal immune tolerance toward the fetus. T-cell activity is 
reduced, there is a reduction in cytokine production in the first 
20 weeks, T,2 responses predominate, and immunologic changes 
in the placenta down-regulate antigen presentation. The changes 
in maternal immunologic responses are, at least in part, driven 
by significant changes in hormone profiles, with increased levels 
of progesterone, estrogen, and human chorionic gonadotropin. 
Studies have shown significant differences in immunologic and 
hormonal responses in pregnant women with FHF caused by 
hepatitis E.'°° 

In developed countries the mortality rate ranges from 3% to 
10%.”**” These data are an overestimate of the population-based 
mortality, as asymptomatic cases (>90% of cases) were mostly not 
included in these hospital-based case series. Most deaths occur 
from acute liver failure in older males with underlying chronic 
liver disease, but occasionally acute liver failure occurs in patients 
without underlying chronic liver disease." As noted already, 
among transplant patients who develop chronic infection, 10% 
are cirrhotic within 3 to 5 years if untreated. In such patients 
chronic liver failure may require (re)transplant, and a number of 
such patients have died. 


Extrahepatic Complications 


A number of extrahepatic manifestations have been described in 
association with hepatitis E (Table 36-5). Such complications 
have been described in both acute and chronic infections and in 
developing and developed countries. The two complications most 
commonly encountered are nephrologic and neurologic. 

In acute and chronic HEV infection, impaired renal function 
has been noted.'””'® As with other hepatotropic viruses, HEV1 
and HEV3 infections can cause glomerular disease. Two different 
histologic patterns of glomerular disease have been observed: 
membranoproliferative and membranous glomerulonephritis. 
These kidney injuries were observed in immunocompetent” and 
in kidney and liver transplant patients.'°° 

Neurologic complications are the most common extrahepatic 
manifestation, and were found in 8% of patients with hepatitis E 
in one case series” (see Tables 36-4 and 36-5). Individuals with 
hepatitis E—associated neurologic manifestations are younger than 
patients with hepatitis E without neurologic symptoms. The most 
commonly described neurologic syndromes are Guillain-Barré 
syndrome (GBS), neuralgic amyotrophy, and meningoencephali- 
tis. Recent studies from European cohorts of GBS and neuralgic 
amyotrophy patients showed that 5% and 10%, respectively, had 
evidence of acute hepatitis E (HEV3) at the start of their neuro- 
logic illness.'°* In such patients the hepatitis is mild and/or asymp- 
tomatic (a minority have normal liver test findings) and the 
neurologic symptoms and signs dominate the clinical picture. 
Patients with HEV-associated GBS have a typical GBS-like illness 


X10 SRONA Specific Diseases 


WAE Extrahepatic Manifestations of 
<a Acute and Chronic Hepatitis E 


Neurologic Guillain-Barré syndrome* 
Neuralgic amyotrophy* 
Meningoencephalitis* 
Mononeuritis multiplex 
Myositis 

Transverse myelitis 
Bell's palsy 

Vestibular neuritis 
Peripheral neuropathy 


Renal Membranoproliferative glomerulonephritis 
Membranous glomerulonephritis 


Hematologic Thrombocytopenia 
Lymphopenia 

Monoclonal immunoglobulin 
Cryoglobulinemia 


Aplastic anemia 


Other Acute pancreatitis 
Arthritis 
Myocarditis 
Autoimmune thyroiditis 


*Most common neurologic manifestations of hepatitis E. With the exception of Guillain-Barré 
syndrome, there have been no control studies and causality remains to be established. 


and there are no clinical or laboratory variables that predict the 
diagnosis, in contrast to patients with GBS triggered by other 
infectious agents. However, patients with HEV-associated neural- 
gic amyotrophy are predominantly middle-aged males who typi- 
cally have bilateral neurologic symptoms and signs in the upper 
limbs. This contrasts to neuralgic amyotrophy without HEV 
infection, where the neurologic damage is unilateral, usually 
affecting the dominant arm. HEV-associated neuralgic amyotro- 
phy has mainly been described in European patients associated 
with HEV3 infection. 

The mechanisms of HEV-associated neurologic injury are 
unknown but could be either immune mediated or due to direct 
neurotropism. On the basis of the available evidence it is uncer- 
tain if HEV is truly a neurotropic virus.’ Other hepatitis viruses 
such as hepatitis C virus are associated with neurologic disorders 
due to cryoglobulinemia, systemic vasculitis, or ischemia, but 
there is little evidence of these among HEV-associated disorders. 
Is the relationship between hepatitis E and neurologic syndromes 
causal or just a chance association? The evidence points to a causal 
role for HEV. In some cases there is evidence of direct invasion 
of the CNS by HEV, viral replication within the CNS, and com- 
partmentalization of CNS infection with the selection of CNS- 
derived quasispecies. A Dutch case-control study of 201 GBS 
patients found significantly more cases of hepatitis E among GBS 
patients (7 = 10) compared with 201 controls (borderline positive 
IgM, 2 = 1). In one case of peripheral neuropathy associated with 
chronic infection with HEV3, the neurologic symptoms resolved 
when viral clearance was achieved with antiviral therapy. Finally, 
in the authors’ practice, abnormal liver test findings in a male aged 
35 to 60 years presenting with bilateral shoulder pain is highly 
predictive of hepatitis E.” 
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e Fig. 36-6 Hepatitis E virus (HEV) infection, showing virus detection 
at different sites and serologic/biochemical response. ALT, Alanine 
aminotransferase. 


Diagnosis 


Laboratory Testing 


During HEV infection, laboratory markers follow a course typical 
for an acute viral infection (Fig. 36-6). After an incubation period 
of 2 to 6 weeks, virus is detectable in blood, feces, and other body 
sites. At this time, serum aminotransferase levels start to rise and 
usually peak as specific antibodies appear. Specific IgM antibodies 
appear first, followed by IgG antibodies, which rise to a peak value 
that persists longer term, usually for years. Viral RNA is usually 
detectable in blood and feces for 1 or 2 weeks after serum ami- 
notransferase levels peak and then becomes undetectable. In the 
first 6 months after infection, low-avidity HEV IgG is replaced 
with high-avidity antibody that persists.“” 

This pattern of events determines diagnostic testing algorithms. 
Fortunately, all four HEV genotypes belong to a single serotype, 
so antibody tests that use antigens derived from one genotype are 
able to detect antibodies generated against all genotypes.''” The 
detection of HEV-specific IgM in the blood of a patient with 
acute hepatitis is diagnostic if the test is accurate. Available com- 
mercial kits include enzyme immunoassays and immunoblots that 
are suitable for laboratory use, and rapid immunochromato- 
graphic strips that can be used at the point of care. These assays 
differ in their performance, with sensitivities of 82% to 90% and 
specificities of 99.5% to 100% in one comparative study.''' Labo- 
ratories should therefore ensure that a properly validated assay is 
used if IgM alone is used to diagnose hepatitis E. As with all 
serologic assays, cross-reacting antibodies that could cause falsely 
positive HEV IgM results are a concern, and many laboratories 
will confirm a diagnosis of acute hepatitis E with another test. 
Confirmation may be made with a positive result in a different 
HEV IgM assay, detection of rising concentrations of HEV spe- 
cific IgG, or detection of HEV RNA. 

Acute hepatitis E may also be diagnosed by detection of the 
virus in blood or, more rarely, feces. Usually this is achieved by 
detection of viral RNA by reverse transcriptase PCR. Antigen 
detection kits are also available but they are not yet in common 
use and are less sensitive than PCR. A number of PCR assays have 
been developed; again these differ in their performance character- 
istics, but real-time PCR methods are generally more sensitive 


than nested PCR.'* RNA detection is the preferred method of 
diagnosis in immunocompromised individuals who may only 
make a small or delayed antibody response to infection and may 
be chronically viremic. PCR-based techniques also enable virus 
quantitation, ''*''* which may be useful to monitor the response 
to antiviral treatment (see the section entitled “Treatment”) and 
sequencing studies that can identify genotypes, subtypes, and 
individual strains for epidemiologic investigations. 

A recent Chinese study’? compared the efficacy of different 
diagnostic strategies in diagnosing sporadic hepatitis E. The study 
authors found that HEV IgM was detected in 90% of cases, HEV 
RNA in 78% of cases, and rising titers of HEV IgG in 57% of 
cases. In this population, detection of specific IgM was the most 
accurate test, with a sensitivity of 90.1% and a specificity of 
99.4%. The main limitation to the use of HEV IgM is its insen- 
sitivity in detecting cases of HEV reinfection because such patients 
may not make an IgM response and will only produce high- 
avidity antibody. Ideally, therefore, patients with suspected HEV 
infection should be tested with use of all the above-mentioned 
parameters. This approach minimizes the risk of missing the 
diagnosis. 


Differential Diagnosis 


Acute Infection 


In developing countries, acute liver failure in pregnancy is most 
likely due to hepatitis E.'"° Acute or subacute liver failure may 
occur in patients with underlying chronic liver disease, and the 
mortality in such patients may be high (see earlier). 

In developed countries, hepatologists should have a low thresh- 
old for testing for hepatitis E in any patient presenting with hepa- 
titis, irrespective of the travel history (Tables 36-6 and 36-7). 
Clinicians should be wary of making a diagnosis of drug-induced 
liver injury without first testing the patient for HEV infection, 
particularly in patients with a predominant transaminitis. Studies 
from the United Kingdom and the United States have shown that 


TABLE M 3 . Š 
Differential Diagnosis 


Causes of jaundice and Acute HEV infection 

a serum ALT level Drug-induced liver injury 

>300 IU/L Liver metastases 
Autoimmune hepatitis 
Seronegative hepatitis 
EBV hepatitis 
Acute HBV 
HAV 
Acute HCV 
CMV hepatitis 


Chronic HEV 

Graft rejection 

Drug-induced liver injury 
Recurrence of primary liver disease 
Graft-versus-host disease 
Intercurrent infections (sepsis, etc) 
Refractory EBV and CMV infections 


Causes of an ALT level 
of 100-300 IU/L in 
immunosuppressed 
transplant recipients 
(developed countries) 


ALT, Alanine aminotransferase; CMV, cytomegalovirus; EBV, Epstein-Barr virus; HAV, hepatitis 
A virus; HBV, hepatitis B virus; HCV, hepatitis C virus; HEV, hepatitis E virus. 
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there was misdiagnosis in a significant minority of such patients 
labeled as having drug-induced liver injury but who in fact had 
acute hepatitis E.''”''* A recent Anglo-French study showed that 
HEV is the cause of decompensation in 3% patients presenting 
with decompensated chronic liver disease. There were no clinical 
or laboratory clues to the diagnosis, and so the diagnosis will be 
missed unless patients are routinely tested for HEV.” 

Finally, HEV should also be considered a diagnostic possibility 
in a range of neurologic conditions (see Tables 36-5 and 36-7) in 
both developed and developing countries.'” 


Chronic Infection 


In developed countries, immunosuppressed patients with chronic 
hepatitis should be tested as for acute hepatitis. In addition, 
immunosuppressed patients with a persistently elevated alanine 
aminotransferase (ALT) level should be tested for HEV, which 
should include reverse transcriptase PCR. In addition, it may be 
reasonable practice for test transplant recipients with an annual 
PCR for HEV irrespective of liver biochemistry results in coun- 
tries where there are high levels of circulating virus. 


Treatment 


Chronic Hepatitis E Virus Infections 
in Solid Organ Transplant Patients 


The first-line treatment is to reduce immunosuppressive therapy, 
particularly drugs targeting T cells. Viral clearance can be 
obtained in approximately one third of patients with this inter- 
vention alone.” Jn vitro studies have shown that calcineurin 
inhibitors (tacrolimus and cyclosporin) promote HEV replica- 
tion by inhibiting cyclophilins A and B, whereas mycophenolic 
acid, an inhibitor of inosine 5’-monophosphate dehydrogenase, 
inhibits HEV replication.'*' Rapamycin and everolimus promote 


WEJ Patient Groups to Consider for 
Hepatitis E Virus Testing 


Immunocompetent 


ALT level >300 IU/L 

Drug-induced liver injury* 

Decompensated chronic liver disease 

Guillain-Barré syndrome’ 

Neuralgic amyotrophy* 

Patients with unexplained acute neurologic 
condition and an elevated ALT levelt 


As above 
Persistently abnormal ALT level 


Immunocompromised 
(developed countries) 


The alanine aminotransferase (ALT) level of greater than 300 IU/L is only a guide. Patients 
with lower ALT levels should be tested when otherwise clinically indicated. Testing should 
include a combination of serologic and PCR assays. In the immunocompromised person, 
PCR should always be done, as serologic assays are less reliable in this group of patients. 
*A diagnosis of drug-induced liver injury is not secure without first testing the patient for 
hepatis E virus (HEV) (see the main text). 

‘Testing should be done at disease onset, irrespective of ALT results. 

*Testing should be done at disease onset, if the ALT level is abnormal. 

Sif the ALT level is above the normal limit on two or more occasions, the patient should be 
tested for HEV. 
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HEV replication in vitro by inhibiting mammalian target of rapa- 
mycin, revealing that the phosphatidylinositol 3-kinase—protein 
kinase B—mammalian target of rapamycin pathway acts as a cell 
restriction factor.” In vivo data indicate that patients given mam- 
malian target of rapamycin inhibitors have higher plasma con- 
centrations of HEV RNA but that mycophenolic acid has no 
influence on HEV replication in vivo.” 

Antiviral therapy is needed for patients for whom reduction of 
immunosuppressive therapy is ineffective. Two molecules have 
been used as monotherapy: pegylated interferon alpha and riba- 
virin. Only a limited number of patients have been treated with 
interferon alpha: three liver transplant recipients were given a 
3-month course of pegylated interferon therapy (135 ug/week) 
and one hemodialysis patient who had previously been given a 
kidney allograft.’ A sustained virologic response was obtained in 
three of these four patients. A 12-month course of pegylated 
interferon also effectively treated a chronic HEV infection that 
developed after liver transplant.” However, interferon is not an 
ideal therapy to treat kidney, heart, or lung transplant recipients 
because it increases the risk of organ rejection. 

Short courses of ribavirin monotherapy have been given to 
liver transplant patients and patients in whom interferon cannot 
be used. Small groups of patients chronically infected with HEV 
have been successfully treated with ribavirin (600 to 1000 mg) 
for 3 months.” A recent retrospective multicenter study deter- 
mined the response of 59 patients from 13 centers in France who 
were given ribavirin (8 mg/kg body weight) for a median of 3 
months (range 1 month to 18 months). Of these, 78% had a 
sustained virologic response, defined as undetectable plasma HEV 
RNA at least 6 months after the end of therapy. This rate reached 
85% when patients with virologic relapse who were retreated with 
ribavirin for a longer period were included. Anemia was the most 
frequent adverse side effect, and required transient interruption 
of the ribavirin treatment, the use of recombinant erythropoietin, 
or blood transfusion.'”” 

Ribavirin monotherapy occasionally fails for a variety of 
reasons, including pharmacologic factors due to nonadherence or 
ribavirin malabsorption. It was recently reported that the excre- 
tion of HEV in the stools of patients receiving ribavirin therapy 
was associated with the recurrence of HEV replication after treat- 
ment interruption, indicating that HEV was not cleared from all 
body compartments.'*’ Therefore monitoring HEV RNA in the 
feces during treatment could help to determine the optimal treat- 
ment duration. A recent study found that a mutation in the virus 
polymerase (G1634R) of two infected solid organ transplant 
patients was associated with ribavirin treatment failure. This 
mutation does not make the virus resistant to ribavirin but it does 
increase its replication and reduces the efficacy of ribavirin. It is 
still unknown if detection of this mutation or estimation of the 
percentage of specific virus variants with reduced sensitivity at the 
beginning of ribavirin therapy could be useful for adjustment of 
the dose and duration of treatment. 

A recent in vitro study showed that the anti-HEV activity of 
ribavirin relies at least in part on the depletion of intracellular 
GTP pools due to inhibition of host inosine monophosphate 
dehydrogenase.” Ribavirin could also induce lethal mutagenesis 
(i.e., increase the number of mutations per genome until it is too 
large for newly generated variants to be viable).'*’ Yet another 
possible mechanism of ribavirin action is inhibition of eukaryote 
initiation factor 4E, which is a component of the translation 
initiation complex. Ribavirin would act as an analogue of the 
7-methylguanosine messenger RNA cap. Ribavirin treatment 


failure could be due to inadequate inhibition of inosine mono- 
phosphate dehydrogenase, mutagenesis, or eukaryote initiation 
factor 4E. Ribavirin antiviral activity could also be due to immu- 
nomodulation. In this scheme, ribavirin increases T1 responses, 
reverses the regulatory T cell-mediated suppression of CD4 effec- 
tor T cells, or improves the interferon signaling cascade, leading 
to modulation of interferon-stimulated gene expression.'**'” 
Lastly, the production of interferon gamma by natural killer cells 
could be modulated by ribavirin. Therefore alteration of the 
immunomodulatory responses of ribavirin could also lead to treat- 
ment failure. 


Chronic Hepatitis E Virus Infection in Patients 
Infected With Human Immunodeficiency Virus 


Antiretroviral therapy—induced immune reconstitution led to 
the clearance of HEV in two HIV patients with chronic hepati- 
tis E.'°°'” Immune restoration was not sufficient to produce 
clearance of HEV RNA in two other patients; they required 
additional treatment.'**'*” One was treated with pegylated inter- 
feron for 6 months but this still did not clear HEV." Subsequent 
treatment with pegylated interferon plus ribavirin for 3 months 
led to rapid HEV clearance. The other patient was given ribavirin 
alone.’ 

To date, few HIV-HEV-coinfected patients have been given 
antiviral therapy. One patient was given pegylated interferon 
alone for 6 months, and HEV RNA became undetectable until 
27 weeks after treatment cessation.'“’ Another patient was given 
ribavirin alone for 3 months,” and another two patients were 
given ribavirin for 6 months. 41 A sustained virologic response was 
obtained in all but one of the patients treated with ribavirin for 
6 months.“ Their plasma and feces were both negative for HEV 
RNA at the end of treatment, and relapse occurred 10 weeks after 
ribavirin treatment had been stopped. Reinfection cannot be 
excluded, but no phylogenetic analysis was done. 


Chronic Hepatitis E Virus Infection of 
Patients With Hematologic Disease 


One patient with hairy cell leukemia and chronic HEV infection 
was successfully treated with a 3-month course of pegylated inter- 
feron.'” A patient with non-Hodgkin lymphoma who was taking 
rituximab was given interferon for 3 months. The patient's clinical 
symptoms improved but HEV RNA was still detected at the end 
of treatment.'*’ A patient with chronic myelomonocytic leukemia 
and a chronic HEV infection was cleared of HEV by a 3-month 
course of ribavirin monotherapy.“ A patient with idiopathic 
CD4* T lymphocytopenia and HEV infection was successfully 
treated with a 3-month course of ribavirin.” Lastly, a patient with 
a history of chronic lymphocytic leukemia and HEV infection 
was treated with ribavirin for 48 weeks.“ HEV RNA was unde- 
tectable in plasma samples but HEV persisted in stool samples. 
In addition, transient HEV viremia was documented after alem- 
tuzumab therapy, suggesting that prolonged viremia seems to be 
at least partly linked to the intensity of the immune-suppressive 
therapy. Thus it seems that ribavirin treatment alone for 3 months 
can be used to obtain a sustained virologic response in most 
hematologic patients with chronic HEV infection, but this result 
should be confirmed in larger cohorts of patients. Treating such 
patients with an HEV infection is important because an HEV 


infection can lead to deferral or cancellation of the treatment of 
the hematologic disease for some patients.'“° 


Acute Hepatitis E Virus Infection 


Acute hepatitis E does not usually require specific treatment but 
some patients can be at greater risk of FHE, especially those with 
preexisting chronic liver disease. Some reports of cases of severe 
acute hepatitis E treated with ribavirin have shown promising 
results. One patient with severe acute HEV3 infection was treated 
with ribavirin at 1200 mg/day for 21 days. This treatment 
decreased plasma HEV RNA concentrations and rapidly improved 
the liver biochemical test results.“ Two other patients with 
chronic liver disease infected with HEV3 were treated with riba- 
virin.“ The first was given 200 mg/day for 3 months, whereas 
the second was given 1000 mg/day for 10 days. The ribavirin 
treatment led to complete recovery in both cases. An HIV-infected 
patient with a severe acute HEV3 infection was given ribavirin 
for 3 months; the HEV was cleared and the ALT activity gradually 
normalized.” Ribavirin is also effective in treating HEV1 infec- 
tion. Four patients with chronic liver disease, each with an acute 
HEV1 infection, were successfully treated with ribavirin at 200 
to 600 mg/day for a median duration of 12 weeks.” 


Patients With Extrahepatic Manifestations 


HEV is responsible for extrahepatic disorders in addition to the 
classic hepatic manifestations. As noted already, neurologic disor- 
ders are the most widely documented. Treatment with pegylated 
interferon plus ribavirin for 3 months rapidly cleared the HEV 
from the plasma of a patient with peripheral neuropathy and 
resolved the neurologic symptoms. '“’ Another report describes the 
case of a liver transplant patient with GBS and severe necrotizing 
myositis caused by an acute HEV3 infection.'”’ Ribavirin treat- 
ment led to rapid HEV clearance and neurologic and muscle 
recovery. Lastly, a patient with chronic liver disease presented with 
acute hepatitis E and acute kidney failure requiring renal replace- 
ment therapy. “* He was treated with ribavirin for 3 months. HEV 
was cleared from the plasma after 1 month of treatment and 
dialysis was stopped after 2 months. 


Hepatitis E Virus and the Blood Supply 
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immunocompetent patients had an acute infection but only 
one was symptomatic. Ten immunocompromised patients were 
infected and several developed chronic infection that required 
treatment. Recipients were more likely to become infected with 
blood products containing HEV at high viral loads, and less 
likely to become infected if the donated product contained anti- 
HEV antibodies. The issue of whether blood donors should be 
screened for HEV is currently a hot topic in the blood transfusion 
community. 


Prevention 


In developing countries the key method of preventing hepatitis E 
is provision of universal access to clean drinking water. This can be 
particularly problematic when the sanitary infrastructure breaks 
down (e.g., in African refugee camps and after natural disas- 
ters such as earthquakes). There is a safe and effective vaccine’ 
produced in China. Its safety and efficacy were established in 
a large phase 3 study in China involving more than 100,000 
participants.’”” The vaccine is currently only available for use 
in China. When this vaccine will be available for use in other 
countries is currently uncertain. There are several unanswered 
questions regarding the vaccine, including its safety and efficacy 
in pregnancy and whether the vaccine is effective against all 
genotypes. 

Prevention of locally acquired zoonotic infection with HEV in 
developed countries is more problematic. The reasons for this are 
that there are a number of animal hosts, and there are a number 
of possible routes of human infection (see Fig. 36-4). Prevention 
strategies that might be considered include thorough cooking of 
pork-containing foods, appropriate care and precautions when 
handling uncooked pork, and screening of blood donors to 
prevent transfusion-transmitted cases. Vaccination might be con- 
sidered in high-risk groups such as the immunocompromised and 
patients with chronic liver disease. This is currently not possible 
as the vaccine is only available in China, and the immunogenicity 
and safety in these high-risk groups is unknown. Another preven- 
tion strategy that might be considered is vaccination of farmed 
pigs. This would be a costly exercise, and its efficacy in preventing 
human infection is uncertain. 


Conclusion 


Because HEV infection is very common and, in the case of 
HEV3 and HEV4 infection, commonly asymptomatic, it comes 
as no great surprise that HEV has found its way into the human 
blood supply in developed countries. What has surprised many 
is the frequency with which this occurs (see Tables 36-2 and 
36-3). Recipients of blood products are currently being infected 
with HEV, as donors are currently not screened for HEV. In 
a look-back study in southeastern England, 79 of 225,000 
donors were found to be viremic.”° Sixty patients received HEV- 
contaminated blood products, 42 of whom were available for 
study. Eighteen patients (42%) were infected with HEV. Eight 


Our understanding of HEV has changed completely in the last 
15 years. Hepatitis E is a global disease, is the commonest cause 
of acute viral hepatitis worldwide, and has a significant burden 
of disease in humans. HEV causes both acute and chronic infec- 
tion and has a significant hepatic morbidity and mortality. The 
clinical phenotype of hepatitis E is still emerging, particularly 
with respect to its neurologic manifestations. The diagnosis of 
hepatitis E should be considered in any patient with hepatitis 
irrespective of the travel history, in the immunosuppressed with 
persistently abnormal liver test finding, and in a range of neuro- 
logic conditions. 
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SUMMARY 


Recent Progress 


Recognition that HEV is endemic in developed countries and, in these 
locales, it is a porcine zoonosis caused by HEV3 and HEV4. 

Improved epidemiologic data indicating incidence varies between and 
within countries and over time. 

Defining risk groups for severe acute infection and chronic infection 
Effective treatment is available: patients with chronic infection should be 
treated with ribavirin. 

Sequelae of HEV infection have been reported, with 10% of cases of 
brachial neuritis and 5% of cases of Guillain-Barré syndrome being 
associated with HEV infection in Europe. 

There is a safe and effective vaccine, currently only available in China. 


Key Knowledge Gaps 


The basic biology of HEV is incompletely understood. 

The route and source of infection in most cases are uncertain and thus 
why the incidence varies between/within countries and over time is 
unclear. 

Defining the burden of HEV in the United States. 

Understanding the risks of contaminated blood products given to 
recipients and how this might influence blood donor screening. 


References 


Determining the mechanisms underlying the neurologic syndromes 
associated with HEV. 

The pathogenesis of HEV1 and HEV2 associated with high mortality in 
pregnant women, but not HEV3 and HEV4. 

Alternative therapies for those patients in whom ribavirin therapy fails. 
Determination of vaccine effectiveness against HEV3 and in high-risk 
groups. 


Future Directions 


Efficient cell culture models will improve understanding of the basic 
biology of HEV. 

Epidemiologic investigations need to establish the routes of infection. 
Better validated serologic/molecular tools will clarify the epidemiology of 
past and current infection. 

Donors/blood products will be screened for HEV in most countries with a 
significant incidence of viremia in donors. 

Diagnostic testing will be introduced in the United States. 

Determination of the full clinical spectrum of HEV infection. 

The extent to which the genotype and other genetic differences 
determine clinical presentation will be clarified. 

Relevant vaccination strategies will be determined and implemented. 


The complete reference list can be found at www.expertconsult.com 
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ABBREVIATIONS 


ALT alanine aminotransferase 

APRI AST to platelet ratio index 

AST aspartate aminotransferase 

cART combination antiretroviral therapy 

FIB-4 fibrosis 4 score 

HA hyaluronic acid 

HAV hepatitis A virus 

HBV hepatitis B virus 

HCC hepatocellular carcinoma 

HCV hepatitis C virus 

HDV hepatitis Delta virus 

HEV hepatitis E virus 

HIV human immunodeficiency virus 

MRE magnetic resonance elastography 

NAFLD/NASH nonalcoholic fatty liver disease/nonalcoholic 
steatohepatitis 

TE transient elastography 

TRAIL TNF-related apoptosis-inducing ligand 


Introduction 


Liver disease is an important source of morbidity and mortality 
in those with human immunodeficiency virus (HIV) infection. 
Indeed, in Western countries, liver disease is ranked among the 
top three causes of attributable death in those with HIV. The 
etiologies of liver disease are diverse and include chronic viral 
infections, nonalcoholic fatty liver/steatohepatitis (NAFLD/ 
NASH), and drug toxicities (Table 37-1). Hepatic fibrosis appears 
to be accelerated due to the presence of a persistent state of 
immune activation, and perhaps due in part to direct HIV infec- 
tion of stellate cells that leads to activation and excess collagen 
deposition. In addition, combination antiretroviral therapy 
(cART) used to suppress HIV replication can directly and indi- 
rectly lead to liver injury. Healthcare providers, including hepa- 
tologists who manage HIV-infected patients, need to be familiar 
with the subtleties of managing these patients, as drug-drug inter- 
actions and their effects on the liver can impact management and 
interpretation of common laboratory tests. 
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Epidemiology of Liver Disease 
in Those With HIV Infection 


The importance of liver disease as a factor in the morbidity and 
mortality of those with HIV infection was not appreciated until 
the mid- to late-1990s. The introduction of highly effective anti- 
retroviral agents changed the epidemiology of HIV-associated 
death previously attributable to opportunistic infections. Multiple 
large cohort studies have demonstrated the significant impact of 
liver-related processes on patient survival. In the French Mortavic 
study, 26,000 HIV-infected patients were followed between 1995 
and 2010. AIDS-related morbidity accounted for 20% of the 
recorded deaths, followed by 13% attributable to chronic liver 
diseases.' The Data collection on Adverse events of Anti-HIV 
Drugs (D:A:D) study cohort followed HIV-infected patients 
between 1999 and 2011 in the United States, Europe, and Aus- 
tralia. The study enrolled 49,731 patients representing 308,719 
person-years of follow-up. The leading cause of death was AIDS- 
related diseases followed by non-AIDS malignancies, with 13% 
of deaths attributed to liver disease, making it the second leading 
cause of non-AIDS death in the cohort.” With combination anti- 
retroviral therapies, patients are living longer with HIV and liver 
disease has emerged as a leading etiology of serious disease and 
death.’ These observations opened the door to our deeper under- 
standing that chronic viral infections of the liver, drug toxicity, and 
fatty liver disease often led to accelerated disease outcomes among 
HIV-infected patients. The epidemiology of liver disease has not 
been static but has evolved as new treatment modalities for HIV, 
as well as as prevention strategies, have modified the disease processes 
(F -1). The blood supply, which was highly contaminated 
wid barh hepatitis C virus (HCV) and HIV in the early 1980s, 
has been effectively eliminated as a source of these infections. In 
the late 1990s and early 2000s, severe and sometimes fulminant 
liver disease was found to be attributable to hepatitis B infec- 
tion during either immune reconstitution or lamivudine break- 
through.’ Recognition of this issue and the widespread use of 
antiretroviral agents such as tenofovir as part of the cART backbone 
incidentally led to reductions in severe liver disease attributable to 
chronic hepatitis B infection. Pioneering work by Benhamou et al. 
established that HCV infection was associated with more rapid 
progression of hepatic fibrosis in the setting of HIV/HCV coin- 
fection.’ However, it has taken more than a decade to appreciate 
that HIV suppression played a key role in slowing HCV-associated 
liver disease progression.”” Many early antiretroviral agents were 
highly hepatotoxic but were used because of a lack of safer options. 

Overall, the evolution of treatment for HIV has led to the use of 
agents with little or no intrinsic drug hepatotoxicity. 


TABLE i . z 7 
Liver Diseases in Persons With HIV 


Common diseases 

e Hepatitis C virus 
Hepatitis B virus 
Nonalcoholic fatty liver 
Alcoholic fatty liver 
Drug-induced liver injury 


Uncommon diseases 
Hepatitis Delta virus 
Hepatitis E virus 
Epstein Barr virus 
Cytomegalovirus 
Fungal infections 
Parasitic infections 
Bartonella infection 
Mycobacterial infections 
Kaposi sarcoma 
AIDS cholangiopathy 


DAA 


TDF 


1980 1990 2000 2010 2020 


e Fig. 37-1 Changing epidemiology of liver disease etiologies in HIV 
patients. DAA, Direct-acting antiviral; DILI, drug-induced liver injury; HBV, 
hepatitis B virus; HCV, hepatitis C virus; HEV, hepatitis E virus; /DU, intra- 
venous drug users; NAFLD, nonalcoholic fatty liver disease; TDF, tenofovir. 
(From AIDS Reviews, 2013 Jan-Mar;15:25-31.) 


Clinical liver-related 
complications 


New disease processes are being increasingly recognized as key 
players in liver disease. Hepatitis E was not thought to play an 
important role in disease in Western countries, but is increasingly 
recognized as a common pathogen in those areas.” Relatively 
recently came the observation that HIV-infected persons and 
other immunosuppressed populations can develop chronic HEV 
infection and that this can be a source of progressive hepatic 
fibrosis leading to cirrhosis.'' Hepatitis D is well recognized, but 
has been poorly characterized in the HIV population.'* Long- 
term use of antiretroviral agents has played a role in fat redistribu- 
tion and development of nonalcoholic fatty liver disease/ 
nonalcoholic steatohepatitis (NAFLD/NASH), which is increas- 
ingly recognized as a factor in progressive liver disease among 
those with HIV. 

Changes in population behavior can also significantly influ- 
ence changes in overall epidemiology. There has been a significant 
uptick in new acute HCV infections among HIV-infected men 
who have sex with men (MSMs) which is in part attributed to 
increased high-risk sexual behavior.'’ This is thought to be linked 
to serosorting in which HIV-positive men, effectively managed on 
cART, believe that they can engage in high-risk behaviors without 
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consequence. '*!’ A significant change in drug-use patterns with 
emergence of injection drug use of heroin has appeared in the 
Eastern United States throughout the past several years.'° This 
outbreak, which in some areas includes HIV/HCV coinfections, 
is a nonurban epidemic in young adults. '” 


Mechanisms of Liver Disease Unique to HIV 


It is reasonable to assume that known mechanisms of liver injury 
that have been elucidated for a variety of etiologies in those 
without HIV infection also apply when HIV infection is present. 
There are notable exceptions, however. For example, early studies 
of HBV infection in persons with HIV documented decreased 
risk of liver injury in patients with low CD4 counts. ë This reflects 
the immunologic nature of liver injury associated with HBV and 
can be significantly modulated by immune dysfunction. Overall, 
the patient with HIV represents a unique environment with 
extrinsic factors that modulate normal responses leading to either 
accentuation or diminution of phenotypic outcomes (Fig. 37-2). 

After HIV infection, there is an early and rapid loss of mucosal 
tight junctions in the gut, associated with profound loss of gut- 
associated lymphoid tissue (GALT). This alteration leads to gut 
leakiness associated with translocation of bacteria and bacte- 
rial remnants into the splanchnic circulation.’ Most typically, 
these are defined by the presence of endotoxin, though other 
less well-defined bacterial components are probably involved.” 
These substances enter the liver and lead to significant Kupffer 
cell depletion.”' Failure to clear these products completely leads 
to a generalized state of immune activation. Simultaneously, 
infected individuals have both decreased T cell-mediated immune 
responses and activation of innate immune pathways which have 
the potential to lead to hepatic fibrosis associated with an altered 
cytokine microenvironment. Despite strong suppression of HIV 
and increases in peripheral CD4 counts with antiretroviral agents, 
there appears to be little restoration of gut immune function and 
HIV infection is characterized by persistent immune activation. 

HIV infects and replicates mainly in CD4+ T cells. It binds 
using C-C chemokine receptor type 5 (CCRS5), and in later infec- 
tion the CXC-receptor 4 (CXCR4) which are highly expressed on 
CD4+ cells. However, other cell types, including hepatocytes and 
hepatic stellate cells, also express these receptors. Infected T cells 
produce not only virions but also large amounts of gp120 protein 
that can be found in the circulation in HIV-infected individuals. 
Both gp120 and HIV virions can bind to their cognate receptors 
on hepatocytes and stellate cells where they activate various innate 
immune pathways.” Interaction of gp120 and HIV virions with 
CXCR4 on hepatocytes up-regulates TRAIL (TNF-related 
apoptosis-inducing ligand) leading to apoptosis mediated by JNK 
IL.” Increased reactive oxygen species may facilitate nuclear factor 
kappa B (NF-«B)-mediated fibrosis progression.” Engagement of 
surface chemokine receptors also increases transforming growth 
factor beta-1 (TGF-B1) expression. This may be a driver of HCV 
replication.” 

Initiation of appropriate cART rapidly decreases HIV viral loads 
in most patients. Flares of alanine aminotransferase (ALT) activ- 
ity, particularly in those with HCV infection are well described. 
Whereas a portion of these may be attributable to drug toxicity 
(see below), recent efforts to elucidate this process have revealed 
that there is a complex interplay between HIV suppression and 
down-regulation of interferon-stimulated genes associated with 
innate immune responses. This results in increased HCV viral 
replication, which in the setting of immune reconstitution is 
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e Fig. 37-2 Mechanisms of liver disease in HIV. Interactions in hepatocytes and hepatic stellate cells 
that contribute to hepatic fibrogenesis. CCR5, C-C chemokine receptor type 5; COL1A7, type 1 collagen; 
CXCR4, C-X-C chemokine receptor type 4; DR, death receptor; HSC, hepatic stellate cell; MCP-1, 
monocyte chemoattractant protein 1; ROS, reactive oxygen species; TGF-ß1, transforming growth factor 
beta-1; TIMP-1, tissue inhibitor of metalloproteinases; TRAIL, TNF-related apoptosis-inducing ligand. 
(From Nat Rev Gastroenterol Hepatol. 2014 Jun;11:362-371.) 


accompanied by increased apoptosis, and transient ALT increases. 
Liver biopsy findings are not consistent with drug hepatotoxicity 
and in fact show decreases in hepatic inflammation.” ALT and 
HCV flares tend to resolve within 48 weeks with what appears 
to be establishment of a new set point, leading to lower levels of 
circulating HCV RNA. 

Chronic use of cART may lead to ongoing liver injury. 
Both didanosine and stavudine demonstrate increased risk of 
mitochondrial toxicity, relative to other nucleoside/nucleotide 
analogs.” Protease inhibitors may lead to liver injury by affect- 
ing retinoic acid-binding proteins. Drug hypersensitivity reac- 
tions are seen with abacavir and nevirapine. Except for the 
immune-mediated injury processes, hepatocyte injury tends to be 
dose-dependent. Thus, high doses of ritonavir are intrinsically 
hepatotoxic, but boosting doses are generally safe.” Drug-related 
hepatotoxicity is examined in greater detail below. 


Liver Biopsy and Noninvasive Markers 
of Liver Disease Severity 


Accurate determination of the presence and degree of hepatic 
fibrosis is essential for prognostication and guiding treatment 
decisions in patients with chronic liver diseases.’ Percutaneous 
liver biopsy remains the gold standard for assessing hepatic fibro- 
sis, and has traditionally been considered the key diagnostic tool 
in determining the degree of inflammation and fibrosis in chronic 
liver disease.” Liver biopsy also provides additional information 
regarding factors that might affect disease progression such as 
steatosis. Liver biopsy, however, is invasive and carries a complica- 
tion rate ranging from 1% to 5%, with the risk of mortality 
ranging from 1 in 1000 to 1 in 10,000.” Risks may be higher 
in certain patients with HIV/AIDS, as lesions at high risk of 
bleeding (e.g., peliosis hepatitis) are more likely to be present and 
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Performance of Common Noninvasive Assessment of Significant Fibrosis 


in Patients With HIV/HCV Coinfection 


APRI‘”®° 41 95 88-100 64-80 0.85 Simple index, best at ends of spectrum 

Forns**°> 94 51 40-94 96-100 0.81 Includes nonroutine tests 

FIB-4°° 70 97 65 97 0.76 Simple test developed in coinfection, best at excluding fibrosis 

Fibrosure/ 87 59 63 85 0.87 Requires special test, false positives in those increased 
Fibrotest’? inflammation and those on cART that increases bilirubin 

SHASTA” 88 TZ 74 76 0.83 

Elastography®*°” 56 91 88 56 0.80 Increasingly used and can be combined with APRI/FIB-4 


alternate sampling modalities such as transjugular liver biopsy 
may be employed.” Because of the risks associated with liver 
biopsy, there have been attempts to identify noninvasive tests or 
surrogate markers that could accurately predict liver histology. 
These include simple laboratory tests, such as serum aspartate 
aminotransferase (AST) and alanine aminotransferase (ALT), pro- 
thrombin time (PT) or international normalized ratio (INR), 
albumin, and bilirubin either alone or in combination. However, 
because a high proportion of coinfected patients can have a 
normal ALT at the time of liver biopsy despite having significant 
histologic abnormalities, especially in those with HCV’! com- 
pared with those with HCV monoinfected individuals,’ serum 
liver enzymes alone may not be that useful. Because most data on 
noninvasive assessment of liver disease severity and fibrosis are 
from patients with HIV/HCYV coinfection with far fewer studies 
of patients with HIV/HBV and HIV/NAFLD, we will focus on 
the HIV/HCV-coinfected population. 

Given the risks of liver biopsy, paired with the need to assess 
liver fibrosis in those with HIV and abnormal liver enzymes, 
particularly in the HIV/HCV-coinfected population, there has 
been increased evaluation of noninvasive markers of fibrosis in the 
coinfected population.“ Various biochemical markers and 
imaging modalities have been validated in the HCV monoin- 
fected population, but require further understanding of limita- 
tions in those with HIV. 


Noninvasive Fibrosis Assessment 
Using Biochemical Markers 


There have been several models developed to help differentiate 
mild to moderate fibrosis from advanced fibrosis in HIV/HCV 
and HIV/HBV-coinfected patients and patients with NASH. 
These models include both routine and nonroutine laboratory 
tests. Routine laboratory tests include secondary markers of liver 
injury and fibrosis including serum AST, ALT, and albumin, as 
well as indirect markers including platelet count. Nonroutine tests 
tend to represent more direct measures of collagen deposition or 
liver function and include tests of hepatic metabolic activity, 
extracellular matrix remodeling proteins, collagen synthesis and 
degradation products, and enzymes involved in matrix degrada- 
tion. Many of these algorithms were initially developed for the 
HCV monoinfected population, but it has been determined that 
the correlation between fibrosis markers and fibrosis stage and the 
diagnostic performance of these tests is similar in HIV/HCV- 
coinfected patients.*° Because most HIV/HBV patients are on 
cART that includes suppression of HBV, these models have not 


been well studied in HBV coinfection and may not perform well. 
Similarly, there have been few studies on liver histology in those 
with NAFLD and HIV. Table 37-2 shows common noninvasive 
tests used in the HIV/HCV coinfection setting. These include 
AST to platelet ratio index (APRI), the Forns index, fibrosis 4 
score (FIB-4), and the Hospital Gregorio Maranon (HGM) 
indices. Models derived from routine tests are most ideal, if 
proven accurate, because they are both cost-effective and readily 
available. 


AST to Platelet Ratio Index 


The APRI is a formula that utilizes measurements of serum AST 
concentration and platelet count. Its value is determined by the 
formula {(AST / [upper limit of normal]) / (platelet count [10°/L] 
x 100)}.“ APRI has been found to be accurate in estimating 
significant fibrosis (F2 or higher by METAVIR scoring) in patients 
with HCV“ and patients with HIV/HCV coinfection.” ” In a 
coinfected cohort of HIV/HCV patients an AUROC of 0.847 for 
significant fibrosis was shown, with positive predictive value 
(PPV) of 100% for APRI greater than 1.5 and for ruling out 
significant fibrosis, APRI less than 0.5 was found to have PPV of 
79%.” Some studies, however, have reported that APRI cannot 
replace liver biopsy in the accurate staging of fibrosis in patients 
with hepatitis C monoinfection, with one study noting its inabil- 
ity to correctly classify 40% to 65% of patients with chronic HCV 
or HBeAg-negative chronic hepatitis B.” This casts some doubt 
on the overall utility of APRI in the coinfected population. 


Forns Index 

The Forns index uses four common clinical/laboratory measure- 
ments: patient age, serum total cholesterol, serum y-glutamyl 
transpeptidase (GGT), and platelet count.” This method can be 
used to differentiate patients with mild (FO-F1) fibrosis from 
those with severe (F2-F4) fibrosis (AUROC 0.81), but it is inac- 
curate in distinguishing between patients with grades F2-F4. The 
Forns index should not be used in patients with genotype 3, 
however, due to varying serum cholesterol levels. The Forns index 
has been validated in an HIV/HCV-infected cohort of 357 
patients with a PPV of 94% for significant fibrosis, compared with 
87% for APRI, and negative predictive value (NPV) 100% for 


cirrhosis.” 


Fibrosis 4 Score 

Originally developed for use in HIV/HCV coinfection, FIB-4 
also utilizes routine laboratory tests to differentiate Ishak fibrosis 
stages 0 to 3 (none to mild/moderate fibrosis) from stages 4 to 6 
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(advanced fibrosis). Based on multivariate logistic regression 
analysis, a simple index was developed: (age [year] x AST [U/L]) / 
{(platelet count [10°/L]) x (ALT [U/L] x 1/2)}. With a cutoff in 
the validation set of less than 1.45, the NPV to exclude advanced 
fibrosis was 90% with a sensitivity of 70%, and a cutoff of greater 
than 3.25 yielded a PPV of 65% and a specificity of 97%. Use 
of this index would correctly classify 87% of patients with FIB-4 
values outside 1.45 to 3.25 and avoid biopsy in 71% of the vali- 
dation set with AUROC 0.765, sensitivity 70%, specificity 97% 
for differentiating Ishak 0 to 3 from Ishak 4 to 6. 


Hospital Gregorio Maranon Indices 


The HGM-1 index is based on platelet count, AST, and glucose 
and the HGM-2 index is based on platelet count, INR, alkaline 
phosphatase (ALP), and AST.” AUROCs of the HGM-1 index 
for the estimation group (EG) and the validation group (VG) to 
predict significant fibrosis (F 2 2) and advanced fibrosis (F > 3) 
among HIV/HCV-coinfected patients were 0.807 and 0.712, 
respectively. The AUROCs of the HGM-2 index for the EG and 
the VG were 0.844 and 0.815, respectively. The NPV for HGM-1 
index in the VG to exclude F = 2 was 54.5% and the PPV to 
confirm F > 2 was 93.3%. The NPV for HGM-2 index in the 
VG to exclude F 2 3 was 92.3%, and the PPV to confirm F > 3 
was 64.3%. The HGM-3 was subsequently developed, which 
includes both routine and nonroutine tests including platelet 
count, ALP, hepatic growth factor, tissue inhibitor of matrix 
metalloproteinase (TIMP-1), and hyaluronic acid (HA). The 
AUROC of HGM-3 for identification of F > 3 was 0.939, which 
was significantly higher than the AUROC for HGM-2, FIB-4, 
APRI, and Forns index.” 


Models Utilizing Assays Available in Specialized Labs 


As noted with HGM-3, some noninvasive models have been 
developed for the evaluation of fibrosis in HCV and HIV/HCV- 
coinfected patients which include nonroutine measurements of 
extracellular matrix remodeling markers, such as amino-terminal 
propeptide of Type II collagen (PIIP), matrix metalloprotein- 
ase (MMP), TIMP, HA, and Type IV collagen (CL-4) alone or 
in combination with serum chemistries and serum HCV RNA 
levels. 

‘The SHASTA index was developed to stage mild and advanced 
fibrosis in coinfected patients, incorporating hyaluronic acid, 
albumin, and AST. Fibrosis was evaluated against AST, ALT, 
serum albumin, total bilirubin, the chitinase-like protein YKL-40, 
and hyaluronic acid (HA). This study found that fibrosis scores 
of F3 or greater were found 27 times more often in patients with 
elevated HA levels (>86 ng/mL) and 5.5 times more often in 
patients with HA levels of 41 ng/mL to 86 ng/mL. Less substan- 
tial associations were detected when serum albumin was less than 
3.5 g/dL (odds ratio [OR], 4.85), and serum AST was greater 
than 60 IU (OR, 5.91).” 

Myers et al. developed a noninvasive index which incorporated 
age, gender, alpha (2) microglobulin (A2M), haptoglobin, apoli- 
poprotein Al (ApoA1), and GGT. The main outcome measure 
was F2-F4 fibrosis by METAVIR scoring. The most useful 
markers, as determined by multivariate analysis, were A2M, 
Apo-Al, GGT, and gender. Using the five-marker index, the 
AUROC was 0.856 with a PPV of 86% for scores greater than 
0.60 and a NPV of 93% for scores of 0.20 or less, with the con- 
clusion that these thresholds could reduce the necessity for liver 
biopsy by 55% while maintaining an accuracy of 89%.” TIMP-1 
and HA have also been shown to accurately predict fibrosis in 


HIV/HCV-coinfected patients by Larrousse et al. MMP-1, 
MMP-2, procollagen II N peptide (PHINP), and HA were 
obtained in a cohort of 119 coinfected patients at the time of liver 
biopsy and prior to initiation of HCV antiviral therapy. On mul- 
tivariate analysis, TIMP-1 and HA > 95 ug/dL were both shown 
to be independently associated with hepatic fibrosis. In discrimi- 
nating mild (FO-F1) from significant (F2-F4) fibrosis, the AUROC 
was 0.84 using TIMP-1 and HA, with sensitivity of 72.9% and 
specificity of 83.1%.“ 

Biomarkers have also been analyzed in a cohort of coinfected 
patients where 90% were currently treated with cART. HA and 
TGF-B1 levels were collected in 69 patients undergoing liver 
biopsy. AST, ALT, and GGT levels were also measured and were 
found to be elevated in 81%, 70%, and 60% of patients, respec- 
tively. Serum HA was shown to have a statistically significant 
correlation with fibrosis stage with an AUROC of 0.83 for the 
discrimination of mild (FO-F2) from advanced (F3-F4) fibrosis. 
Sensitivity and specificity for HA were 87% and 70%, respec- 
tively. TGF-B1, however, was not predictive of fibrosis in this 
cohort.” 


Noninvasive Fibrosis Assessment Using 
Elastography or Imaging Modalities 


Several methods utilizing radiographic techniques for the nonin- 
vasive assessment of hepatic fibrosis have also been evaluated in 
coinfected populations. These include both ultrasound and mag- 
netic elastography and single photon emission computed tomog- 
raphy (SPECT). However, because there are limited data on 
magnetic resonance elastography (MRE) and SPECT in those 
with HIV,” these modalities will not be discussed. 


Transient Elastography 


Elastography or elastometry is a noninvasive method of measuring 
the mean stiffness of hepatic tissue with hepatic rigidity consid- 
ered a marker of fibrosis severity. 

Although developed in those without HIV, there have been 
several studies in those with HIV/HCYV. In one study in a mixed 
cohort of 251 patients, including 13 patients with HIV/HCV coin- 
fection, elastography demonstrated AUROCSs of 0.79, 0.91, and 
0.91 for F > 2, F > 3, and F = 4 (cirrhosis) fibrosis, respectively.” 
In another study evaluating transient elastography in a cohort of 
HCV patients where 72% were coinfected with HIV, the AUROC 
was 0.87 for detection of both significant fibrosis (F2) and cir- 
thosis. Using cutoff values of 9.3 kPa for significant fibrosis and 
12.3 kPa for cirrhosis, 79% to 83% of participants were correctly 
classified by liver stiffness measurement. It was noted, however, that 
accuracy appeared to be higher among HIV-uninfected participants 
than among HIV-infected participants.” Vergara evaluated elastog- 
raphy in an HIV/HCV cohort of 169 patients, demonstrating an 
AUROC of 0.87 for significant fibrosis and 0.95 for cirrhosis.°° 
Macias et al. has also evaluated transient elastography to validate 
cutoff values of liver stiffness to better discriminate F < 2 from F = 
2 fibrosis in coinfected patients. A cutoff value of 9.0 kPa yielded a 
PPV of 87% for F = 2 and a cutoff of 6.0 kPa showed an NPV of 
90% for F < 2. The NPV of liver stiffness < 6.0 kPa for F = 2 was 
100% and NPV of liver stiffness > 9.0 kPa for F = 0 was 100%.” 
Transient elastography has also been compared with liver biopsy 
in HBV/HIV-coinfected patients with similar high performance." 


Panels and Radiologic Modalities 


Several studies have compared the serum fibrosis panels and radio- 
logic methods. In a study comparing liver stiffness measurement 


in coinfected patients utilizing transient elastography with plate- 
let count, AST/ALT ratio, APRI ratio, and FIB-4, there was a 
statistically significant correlation of liver stiffness with fibrosis 
stage. AUROC curves for the diagnosis of cirrhosis were sig- 
nificantly higher for elastography than for platelet count, AST to 
ALT ratio, and FIB-4.° In another study, transient elastography 
was compared with serum assessments (APRI, Forns, FIB-4, and 
HGM-2) of liver fibrosis in 100 coinfected patients. Using best 
cutoff values (F < 1 [<7 kPa], F>3 [211 kPa], and F4 [214 kPa]), 
the NPV and PPV were 81% and 70% for F < 1, 96.3% and 
60% for F = 3 and 100% and 57% for F4, respectively. They 
concluded that elastography accurately predicted liver fibrosis and 
outperformed other simple noninvasive indexes in HIV/HCV- 
coinfected patients.” When transient elastography was compared 
with Fibrotest, it had similar diagnostic accuracy (AUROC 
0.85 and 0.87, respectively) for significant fibrosis (2F2), which 
was better than APRI (AUROC 0.71), whereas transient elastog- 
raphy had the best accuracy for cirrhosis (AUROC 0.94). 

In the Fibrovic study, ANRS HCO2, Fibrotest (FT), Hepas- 
core (HS), Fibrometer (FM), SHASTA, APRI, Forns, and FIB-4 
were examined to determine the accuracy of these tests in the 
differentiation between mild to moderate (F2) versus advanced 
fibrosis (F4). The AUROCs were 0.78, 0.84, and 0.89 for F2 for 
FT, HS, and FM, respectively. The other tests were able to classify 
fibrosis well in only 37% to 61% of patients and with lower 
accuracies. Notably, FM, HS, and FT in combination did not 
significantly increase the accuracy of each test individually.” 
Others have also assessed four noninvasive indexes (FIB-4, APRI, 
Forns, and platelet count) in HIV/HCV-coinfected patients who 
underwent liver biopsy. For predicting significant fibrosis (F 2 2), 
APRI, Forns index, and FIB-4 had AUROCs of 0.77, 0.75, and 
0.79, with 39%, 25%, and 70% of patients correctly identified, 
respectively. For predicting severe fibrosis (F = 3), FIB-4 had an 
AUROC of 0.77 with 56% of patients correctly identified. For 
predicting cirrhosis (F4), FIB-4, APRI, and platelet count had 
AUROCs of 0.80, 0.79, and 0.78, with 59%, 60%, and 76% of 
patients correctly identified, respectively. FIB-4, APRI, Forns, and 
platelet count did not differ significantly for fibrosis and cirrhosis, 
but could save liver biopsies in up to 56% to 76% of cases.” 

Another study evaluated APRI, Forns, and FIB-4, alone or 
combined, with the finding that the three tests demonstrated 
similar accuracy in identifying F2/F3. When the lowest cutoff 
values of all three tests were used to rule out F3 or greater fibrosis, 
the sensitivity of the tests was 79% to 84% and NPVs were 87% 
to 91%. When F3 or greater fibrosis was identified with highest 
cutoff values, the specificity was 90% to 96% and PPVs were 63% 
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to 73%. This demonstrated that these tests were able to accurately 
determine degree of fibrosis in greater than 50% of the coinfected 
population.” This has also been echoed in an additional study 
analyzing APRI and Forns in coinfected patients under real-life 
conditions, as opposed to validation studies. In the 120 members 
of the cohort who had a liver biopsy available and greater than or 
equal to 15 mm in length, the PPV was 85% for APRI and 81% 
for Forns. Used individually, it was determined that liver biopsy 
could be avoided in 22% of patients, and when used sequentially, 
this number increased to 30%.” Lastly, Shire et al. assessed the 
utility of several noninvasive models (FIB-4, AST/ALT ratio, age/ 
platelet index, APRI, and Bonacini index) in a cohort of 173 
HIV/HCY patients participating in an ACTG trial.” Among the 
models tested, FIB-4 performed the best with 88% specificity for 
F4 and greater than 85% NPV for F3-F4. In this study the 
authors also developed a novel ordinal regression index that 
included age, race, bilirubin, platelets, INR, CD4 count that had 
high accuracy. However, given the complexity of this model, its 
clinical utility compared with FIB-4 and APRI remains limited. 


Practical Application of Noninvasive Measures of Fibrosis 
Given the multiple options described in the previous section, we 
provide a simple diagnostic approach to patients with HIV/HCV 
coinfection and HIV/HBV coinfection (Fig. 37-3). If initial 
assessment shows both low APRI and FIB-4, then patients are 
highly unlikely to have significant fibrosis and they can be fol- 
lowed conservatively. Likewise, if both APRI and FIB-4 are 
increased, then patients are at high risk for having advanced 
fibrosis (F3-4). These patients should then have additional testing 
to exclude conditions associated with portal hypertension (varices 
and hepatocellular carcinoma). For those with discordant results 
or if the APRI or FIB-4 values fall between the lower and upper 
cutoff values, then elastography can be considered with liver biopsy 
reserved for those that remain unclassified. For patients with other 
etiologies of disease, clinical judgment is required. Patients with 
AIDS (CD4 < 200 cells/mm’) may require biopsy for definitive 
diagnosis. Granulomatous processes (infectious and nonspecific) 
may require tissue diagnosis and noninvasive measures may provide 
false readings in those patients. 


Noninvasive Markers in HIV-Infected Patients 

and Long-Term Outcomes 

Other studies have examined the predictive value of the nonin- 
vasive biomarkers on liver-related complications and mortality. 
The predictive value of APRI for liver-related complications was 
examined in HIV patients with and without HCV coinfection. 


Clinical suspicion of liver disease 


Laboratory tests establish diagnosis and to rule out other causes of liver disease 


FIB-4 < 1.5 and APRI < 0.5 


FIB-4 < 1.5 < 3.25 or 


FIB-4 > 3.25 or APRI > 1.5 


APRI > 0.5 < 1.5 


Low probability for significant 
fibrosis 


Hepatic elastrography 


| r7 | aa A = 


High probability of significant 


Consider liver biopsy 


Periodic monitoring 


(especially if diabetic) 


Consider endoscopy to assess for varices 
Consider liver ultrasound to assess for HCC 


e Fig. 37-3 Diagnostic algorithm for clinical suspicion of liver disease in patients with HIV/HCV and 


HIV/HBV coinfections. 
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Coinfected patients had a higher baseline APRI. The baseline 
natural logarithm of APRI (InAPRI) was predictive of hepatic 
complications, as was coinfection with HCV. cART was not 
found to be protective against hepatic complications, but cor- 
related with progression of APRI scores. As the InAPRI varied 
over time in the coinfected population, the authors felt that APRI 
might prove useful for longitudinal determination of liver disease 
progression in the coinfected population.” 

In another study, APRI and FIB-4, as well as HA and YKL-40, 
markers of extracellular matrix metabolism, were compared with 
Child-Turcotte-Pugh (CTP) and Model for End-Stage Liver 
Disease (MELD) scores as predictors of liver-related mortality. 
The cohort consisted of 303 patients, 207 of whom were HIV 
positive, and was followed for a mean of 3.1 years. There were 33 
liver-related deaths in the cohort. The ability to predict 3-year 
mortality was expressed as an AUROC, with the following results: 
HA, 0.92; CPT, 0.91; APRI, 0.88; FIB-4, 0.87; and MELD, 0.84. 
On multivariate analysis, HA, APRI, and FIB-4 were all found to 
be independent predictors of mortality even with adjustment for 
MELD or CPT.” Transient elastography has also been used to 


predict survival and decompensation.” 


Viral Hepatitis in Those With HIV Infection 
Hepatitis A 


Hepatitis A virus (HAV) is primarily spread by fecal-oral transmis- 
sion, though parenteral exposure can also lead to acute infection. 
Contaminated drinking water and ingestion of contaminated 
seafood represent key sources of infection. Among MSMs, the risk 
for transmission is high if prior infection or vaccination is absent.”° 

The clinical presentation of acute HAV in those with HIV 
resembles that seen in immunocompetent patients. However, cases 
of prolonged viremia have been described. This was associated with 
persistently abnormal ALT values.*' A series of 15 HIV-positive 
patients reported significantly longer periods of viremia (median 
53 days) compared with non-HIV controls (median 22 days).** No 
difference in clinical disease severity between HIV and non-HIV- 
infected patients has been described, though data are limited.” 

Vaccination strategies among those with HIV are not as effec- 
tive as is commonly seen in the immunocompetent population 
(see Table 37-3 for general guidelines for viral infection immuni- 
zations). In immunocompetent patients, 95% vaccine efficacy is 
common. A study of 282 HIV-infected patients given standard 
HAV vaccine using the standard schedule and dose (0 and 6 
months) was compared with an accelerated schedule using half 
the antigen dose at 0 days, 7 days, 21 days, and 6 months.” 
Overall, 73.4% of patients achieved a successful vaccine response. 
Male sex and concurrent HCV infection decreased the likelihood 
of response. Higher CD4/CD8 ratios and completing at last two 
doses of vaccine improved response rates. The alternate dosing 
schedule did not improve response rates.** Another trial of 133 
HIV-infected adults reported that seroconversion at month 9 
(after standard two-dose vaccine regimen at 0 and 6 months) was 
68% in those with CD4 greater than 200 cell/mm? but only 9% 
in those with lower CD4 counts.” 

HAV vaccination should be given prior to CD4 decline in the 
HIV-infected patient. Following the vaccination series, titers 
should be evaluated, particularly in those with CD4 less than 200 
cell/mm’. Repeat vaccination after immune reconstitution should 
be considered. Prevaccination HAV antibody screening may be 
employed if pretest probability of infection is high.*° 


General Guidelines for Immunization Against 
Viral Infections in the HIV+ Patient 


Hepatitis Increased risk for HAV Hepatitis A vaccine 1 mL IM at 
A exposure (IDUs, 0 and 6-12 months; 
MSMs, Anti-HAV antibody response 
hemophiliacs) should be assessed at 
Chronic liver disease 1 month; patients without 
HBV or HCV coinfection adequate response should be 
No evidence of revaccinated when CD4 count 
immunity > 200. 
Hepatitis Absence of chronic Double dose of HBV vaccine (e.g., 


B HBV Engerix-B vaccine at 40 
No immunity to HBV rather than 20 g/mL) at 0, 1 
(anti-HBS <10 IU/ month and 6 months; 4-dose 
ml) series may increase durability 
Anti-HBs should be assessed at 
1 month after the series; 
patients with <10 IU/mL 
should be revaccinated with 


booster (40 ug dose). 
HCV No vaccine available 
HDV Prevention achieved with HBV 
vaccination. 
HEV Vaccine not available in the 


United States and no data 
regarding efficacy in HIV 


Data from http://aidsinfo.nih.gov/contentfiles/lvguidelines/adult_oi.pdf. 
IDUs, Intravenous drug users; MSMs, men who have sex with men. 


Hepatitis B 


Because of shared routes of transmission, HBV infection among 
HIV-positive persons is common. In some settings, more than 
two thirds of HIV-infected persons have markers of past exposure 
to HBV.” Worldwide, an estimated 2 to 4 million people (approx- 
imately 10% of HIV-infected individuals) are currently living 
with HIV/HBV coinfection®® (Fig. 37-4). The prevalence, 
however, varies widely (5-20%) depending on the local endemnic- 
ity and mode of acquisition of HBV infection. 

In the United States, it is estimated that half of all patients 
with HIV infections have been exposed to HBV and the preva- 
lence of HIV/HBV coinfection is approximately 8%, which is 20 
times higher than in the general U.S. population.** Of the more 
than 4400 HIV-infected people tested in the HIV Outpatient 
Study (HOPS), 8.4% tested positive for HBsAg or had detectable 
HBV DNA between 1996 and 2007.” Similarly, the Multicenter 
AIDS Cohort Study (MACS) reported in 2002 that of the 2559 
HIV-infected individuals tested, 8.3% were coinfected with 
HBV.” Highest prevalence was noted among MSMs compared 
with injection drug users and heterosexuals. The prevalence was 
greater among men compared with women; among non-Hispanics 
compared with Hispanics; and among patients aged 35 to 44 years 
compared with younger or older patients.” 

HIV coinfection adversely affects the natural history of 
untreated HBV at every stage and accelerates HBV disease pro- 
gression. HIV coinfection is associated with increased HBV repli- 
cation and increased levels of HBV DNA.” HIV/HBV-coinfected 


HBsAg+ 


350 million 


Coinfected: 4 million 
e Fig. 37-4 Worldwide prevalence of HBV and HIV infections. 


individuals are more likely to transmit HBV than monoinfected 
individuals, less likely to have spontaneous clearance, and are 
up to six times more likely to progress to chronicity than HBV 
monoinfected individuals.” Such individuals are more likely 
to lose the protective anti-HBs and have reactivation of HBV 
infection, particularly when they have low CD4 counts.”*”° 
The progression of fibrosis is accelerated and cirrhosis is more 
common among HIV/HBV-coinfected individuals despite low 
ALT levels.” Although data in large cohorts are lacking, the risk of 
HCC is believed to be much higher among HIV/HBV-coinfected 
patients, especially those who acquired their infections from high- 
risk sexual behavior.” These patients are more likely to die from 
liver-related causes than HBV monoinfected individuals.*°°?”' 
This may be due to the higher HBV DNA levels seen in those 
with HIV. The frequency and patterns of mutation of the HBV 
genome also differs among monoinfected and coinfected patients, 
however, the significance of these differences has not been well 
elucidated.'"' 

The impact of HBV on the natural history of HIV and AIDS, 
on the other hand, does not appear to be significant.” Among 
patients receiving long-term cART, HBV status did not influence 
HIV suppression or CD4 counts. Before the era of cART, the 
morbidity and mortality associated with HIV infection dwarfed 
the complications of HBV infection. 

All persons infected with HIV should be tested for evidence 
of HBV coinfection by serology and vice versa. As in HIV-negative 
individuals, the initial screening serologic test for HBV will 
include HBsAg, HBsAb, and anti-HBc (total or IgG). HBV coin- 
fection is diagnosed by the detection of HBsAg or HBV DNA in 
the serum. The HBeAg may or may not be detectable and is not 
essential for diagnosis of chronic HBV but is a valuable indicator 
of viral replication. Regardless, HBV DNA levels should be mea- 
sured as a marker of viral replication in all patients with HBsAg, 
independent of HBeAg status. HBV genotyping is not essential 
in management but may be useful.'””'”° 

Spontaneous seroreversion (disappearance of HBsAb and reap- 
pearance of HBsAg) has been reported among HIV-infected 
patients. This can occur especially if CD4 counts are very low 
(<200 cells/mm?).”*”° Therefore, among HIV-infected individuals 
with prior positive HBsAb, HBV serologic tests should be repeated 
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in the event of unexplained liver function abnormalities to rule 
out reemergence of HBV infection. 

It is not uncommon among HIV patients to detect antibodies 
to the core protein (anti-HBc) in the absence of anti- HBsAg or 
anti- HBeAg. Whereas it is possible to have a false-positive core, 
presence of isolated anti-HBc among HIV-infected persons is 
more likely to represent past infection.'°’ Occult HBV infection 
(presence of HBV DNA in the serum or liver in the absence 
of HBsAg) has been reported among 2% to more than 60% of 
HIV-infected persons, usually in the presence of isolated anti- 
HBc.'°*''® ALT levels and HBV DNA levels usually remain low 
in these patients. Whereas the clinical significance of occult HBV 
infection is not well understood, those with detectable HBV 
DNA remain at risk for HCC. Therefore, if clinically suspected, 
based on increased ALT level in the presence of anti-HBc and 
negative HBsAg, HBV DNA can be obtained to establish this 
diagnosis. 

All HBV/HIV-infected persons should undergo serial liver 
ultrasound and/or alpha fetoprotein (AFP) serology every 6 
months for HCC screening irrespective of presence of cirrho- 
sis.'°”'°° Patients should be advised to abstain completely from 
alcohol. Patients should be asked for family history of liver disease 
and HCC, as those with a family history of HCC are at higher 
risk for developing HCC themselves. All household and sexual 
contacts should be screened for HBV seromarkers and, if negative, 
vaccination should be offered. 

In the past, the decision to treat chronic hepatitis B among 
HIV-coinfected individuals was based on careful consideration of 
several factors including status of the underlying liver disease, 
likelihood of response to antiviral therapy, risks for adverse events, 
and the need of cART against HIV. Because HIV infection can 
accelerate progression of HBV-related liver disease with adverse 
outcomes, and the response to anti- HBV therapy may diminish 
as immunodeficiency progresses, current standard of care recom- 
mends HBV treatment among all coinfected patients. New guide- 
lines for HIV treatment are based upon the finding that HIV 
suppression at any level of CD4 is beneficial.''’ Therefore, it is 
mandatory that treatment of HBV be considered concurrently in 
the decisions to treat HIV and that drugs active against both HIV 
and HBV (i.e., nucleoside analogs) be used in most patients. This 
has simplified the once complex and often confusing treatment 
algorithms. Treatment guidelines for viral infections in HIV- 
infected patients are summarized in Table 37-4. 

The primary goal of anti-HBV therapy among HIV/HBV- 
coinfected individuals is to prevent liver-related complications by 
sustained suppression of HBV replication to the lowest achiev- 
able level. The ideal treatment end point is sustained HBsAg loss 
following completion of time-limited therapy (functional cure). 
Failing that, or in cases of HBeAg-negative patients, the next most 
desirable end point is a sustained virologic remission (undetect- 
able HBV DNA by a sensitive PCR assay). However, treatment 
should generally be continued even after seroconversion as sero- 
reversion and reactivation are possible. Other important goals 
are to minimize hepatotoxicity from antiretroviral agents, and to 
avoid interference with HIV therapy. 

There are multiple antiviral agents approved for treatment of 
HBV monoinfection. Two of these agents (tenofovir and lamivu- 
dine) also have significant antiretroviral activity against HIV and 
are key components of many antiretroviral regimens. Entecavir 
appears to have a weak antiretroviral activity against HIV and if 
used as monotherapy will select for mutations that might limit 
subsequent HIV treatment. Therefore, this should be avoided.''” 
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WAE Treatment Guidelines for Viral Infections 
in the HIV-Infected Population 


Hepatitis A Supportive care only 


Hepatitis B First-line therapy: use of dual activity All patients at 
agents when choosing cART time of 
regimen initiation of 
Tenofovir CART 
Tenofovir/emtricitabine 
Tenofovir/lamivudine 

Second-line therapy: used with cART 
only 
Entecavir 
Telbivudine 
Pegylated interferon 
HCV See HCV guidelines (http:// Treat HIV first, 
www.hcvguidelines.com) then HCV 
Review drug: drug interactions 
HDV NRTIs and/or pegylated interferon Chronic infection 
HEV Ribavirin Chronic infection 


Data from http://aidsinfo.nih.gov/contentfiles/lvguidelines/adult_oi.pdf. 


The others (interferon alpha, adefovir, and telbivudine) have little 
to modest activity against HIV. 

The preferred regimen for HBV in the setting of HIV is 
tenofovir in combination with either emtricitabine or lamivu- 
dine (which will also act as the nucleoside reverse transcriptase 
inhibitor [NRTI] backbone of cART) along with a third HIV 
agent. In the event of prior lamivudine exposure or resistance, 
tenofovir plus emtricitabine has been recommended.''’ This 
combination comes as a single pill (Truvada) and is the pre- 
ferred agent for most patients. In cases where tenofovir cannot 
be used (e.g., due to bone or renal toxicity), entecavir can be 
used as a substitute but it should not be used without HIV 
therapy effectively suppressing HIV replication. Typically, the 
1 mg dose of entecavir is used in all patients. It is likely that 
tenofovir alafenamide will replace tenofovir as part of the HIV 
treatment backbone due to better profiles in terms of renal toxic- 
ity, “ but overall efficacy in HIV/HBV-coinfected patients has not 
yet been reported. Though pegylated interferon can be used for 
treatment of chronic HBV infection, it is not generally employed 
in HIV/HBV-infected patients due to high rates of drug-related 
toxicities. 

All patients on anti- HBV therapy should have frequent moni- 
toring of the liver biochemistry and HBV DNA. Serum ALT 
levels and HBV DNA should be tested at least every 3-6 months. 
For patients who are positive for HBeAg, HBeAg and anti-HBe 
should be tested every 6 months to monitor for seroconversion. 
Although long-term anti-HBV therapy is recommended among 
HIV/HBV-coinfected patients regardless of HBeAg seroconver- 
sion,''’ knowledge of seroconversion may be helpful in predicting 
HBsAg loss/seroconversion and HBV DNA suppression. For 
patients who are HBeAg negative, monitoring of HBeAg or anti- 
HBe is not necessary. Annual testing of HBsAg to evaluate for 
HBsAg seroconversion is recommended. However, because coin- 
fected patients will need ongoing suppression of HIV, it is not 


recommended to change or stop cART.'”” Quantitative serum 
levels of HBsAg, if available, have been shown to correlate with 
hepatic HBV DNA levels and may be useful in monitoring 
response to anti-HBV therapy, especially in those who seroconvert 
from HBeAg to anti-HBe.'"° 

Discontinuation of agents with anti-HBV activity can result 
in reactivation of HBV leading to serious hepatocellular injury.’ 
Patients should be advised against self-discontinuation of medica- 
tions and should be monitored closely during any interruptions 
in HBV therapy. If a modification in the cART is needed due to 
intolerance or lack of efficacy, an alternative anti-HBV drug 
should be continued to prevent reactivation of HBV even if this 
will not be part of the subsequent anti-HIV regimen. 

Immune reconstitution can occur following initiation of CART 
against HIV. This usually occurs within 4 to 8 weeks of initializing 
cART and is characterized by a rapid decline in HIV RNA levels 
and a rise in CD4 counts.’ This can lead to exacerbation of 
HBV-related liver disease. Some experts recommend initiating 
anti-HBV therapy before cART especially if HBV DNA levels are 
very high and CD4 counts very low; however, there are no data 
to support this notion. 

Patients with HIV/HBV coinfection generally have higher 
baseline HBV DNA levels.''® As such, it may take longer to 
achieve a virologic response (delayed response). Whereas earlier 
studies showed the majority (approximately 90%) of patients on 
tenofovir-based cART achieve complete suppression of HBV 
DNA to undetectable levels after 3 to 5 years of therapy,'’”'”° 
more recent larger multicenter prospective studies suggest that up 
to 50% of HIV/HBV-coinfected patients may have low detectable 
HBV DNA levels despite cART that included tenofovir (21% at 
2.8 years).'*! The exact reason behind this suboptimal response is 
not clear. Prior lamivudine exposure, poor adherence to therapy, 
high HBV DNA levels, HBeAg seropositivity, and low CD4 
counts are among the factors associated with incomplete HBV 
DNA suppression.” To date, tenofovir resistance leading to sub- 
optimal response has not been reported. 

Likewise, HBeAg seroconversion and HBsAg loss may not be 
as common in HBV/HIV patients as with HBV alone. HBeAg 
seroconversion and HBsAg loss have been reported in up to 15% 
to 57% and 8% to 29%, respectively, of coinfected patients over 
5 years of tenofovir treatment, mostly confined to HBeAg-positive 
patients with high CD4 counts suggesting importance of immune 
restoration in HBV clearance. 0'14 

Lamivudine has the lowest barrier to resistance, and among 
HIV/HBV-coinfected patients, emergence of resistant mutations 
are noted in up to 90% at 4 years of monotherapy, a rate much 
higher than among the HBV monoinfected patients.” This 
increased resistance among HIV/HBV-coinfected patients is likely 
due to greater serum HBV DNA levels. This rate is approximately 
20% in 2 years for telbivudine and 29% in 5 years for adefovir.'” 
The greatest barrier to resistance is exhibited by entecavir and 
tenofovir. To date, no clinically significant resistant mutations 
have been demonstrated against tenofovir in vivo. The antiviral 
efficacy of tenofovir does not seem to be affected by prior lami- 
vudine exposure and lamivudine resistance. 

Whereas generally well tolerated, tenofovir may be associated 
with renal tubular abnormalities, including Fanconi syndrome 
and overt renal failure.'’”'*” Among HIV-infected patients, long- 
term use of tenofovir has also been associated with bone demin- 
eralization, osteopenia, and increased risk for fractures. °? 
Hopefully, newer agents with dual HIV/HBV activity such as 
tenofovir alafenamide will have lower rates of long-term toxicities. 


Hepatitis C 


Similar to HBY, all patients with HIV should be tested for HCV. 
The incidence of HIV/HCV coinfection ranges from 10% in 
those who acquired HIV sexually, to greater than 80% in those 
with injection drug use history. > With mortality attributable 
to AIDS on the decline due to effective treatment strategies, liver 
disease due to HCV infection has become a leading cause of 
mortality in this group.” The presence of HIV is associated with 
increased HCV RNA.” The risk of progression to chronicity in 
the presence of HIV increases to 95% and death from hepatocel- 
lular cancer is as high as 13%.'*” 

Earlier studies suggested that in persons with HIV/HCV coin- 
fection the risk for progression of liver disease to cirrhosis and 
end-stage liver disease was amplified twofold and sixfold respec- 
tively.'°’ Conversely, the presence of HCV did not influence 
disease progression of HIV to AIDS even with cART.'** However, 
more recent studies suggest that in the modern era of HIV treat- 
ment, disease progression may be similar to those with HCV 
alone.**”’” Interestingly HCV foretells a threefold higher likeli- 
hood of hepatotoxicity (using WHO/DAIDS definitions of serum 
aminotransferase abnormalities) from older regimens of cART 
and close monitoring is needed of liver test abnormalities.'“°'*! 
However, it is likely that some proportion of the increased ami- 
notransferase activity attributed to cART hepatotoxicity actually 
represented flares associated with HIV-suppression and subse- 
quent immune clearance (as discussed earlier).”° 

The mechanisms by which HCV promotes a more rapid pro- 
gression of fibrosis are being increasingly understood. In addition 
to excess alcohol use in this population, HIV dysregulation of T 
cells and increased replication of HCV, there are other important 
mechanisms through which HIV accelerates the natural course of 
HCV. HIV is associated with intestinal villous effacement and 
CD4 cell depletion which in turn is associated with an increase 
in intestinal microbial product translocation. Within the gut- 
associated lymphocyte population, alterations in FoxP3+ regula- 
tory T cell populations have been observed and correlated with 
liver inflammation.’ This results in increased hepatic exposure 
to lipopolysaccharide (LPS). Free LPS binds to Kupffer cells via 
interactions with circulating LPS-binding protein, cell surface 
CD14 (sCD14) and toll-like receptor 4 (TLR-4), leading to 
up-regulation of proinflammatory and profibrogenic cytokines 
including TNF-a, IL-1, IL-6, and IL-12.'**' Second, HCV 
induces TGF-B1 expression in hepatocytes, and this is enhanced 
in the setting of HIV.” TGF-B1 is a profibrogenic cytokine that 
is instrumental in the immunopathogenesis of coinfection through 
various stimulatory pathways. Third, there is accelerated hepato- 
cyte apoptosis in coinfection, leading to more inflammation and 
fibrosis.“ Fourth, steatohepatitis, if present, up-regulates inflam- 
mation in the liver and is profibrogenic.'“°'*” Lastly, there is also 
evidence that HIV directly infects the stellate cells, and this pro- 
motes inflammation and secretion of fibrogenic stroma.'“* Taken 
together, these factors result in increased fibrogenesis in those with 
HIV/HCV. 

All HIV patients should be screened for anti-HCV by serologic 
assay (enzyme-linked immunoassay) regardless of the presence or 
absence of increased liver enzymes. However, false-negative HCV 
antibody tests can occur in those with CD4 counts less than 100 
cells/mm?.'“? In those with a negative HCV antibody and a low 
CD4 count, HCV RNA testing is recommended. In those that 
test negative, repeat testing is recommended yearly as long as 
patients have ongoing risks (high-risk sexual activity, illicit drug 
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use). Patients who test negative for HCV antibody should be 
counseled on risk factors for HCV. Patients noted to have unex- 
pected rises in serum ALT should also undergo HCV testing if 
previously negative. In those with a positive HCV antibody test, 
infection needs to be confirmed by HCV RNA testing. In those 
with detectable HCV RNA, HCV genotype is required if treat- 
ment is contemplated. All HCV RNA-positive patients require 
assessment of liver disease severity. 

Primary management of HIV/HCV coinfection begins with 
initiation of effective cART. In some cases, cART regimens may 
have to be switched to accommodate subsequent HCV therapy. 
Maintenance of HIV viral suppression is a priority. 

Treatment of HIV/HCV coinfection is based on similar prin- 
ciples as treatment of HCV without HIV. Given the increased 
mortality with HCV in HIV, most patients should be considered 
for treatment. With improved response rates and lower side-effect 
profiles of interferon-free treatment strategies, the most important 
determining factors to initiating treatment are the current stage 
of HCV (mild vs. significant fibrosis), the presence or absence of 
comorbidities, the control of HIV, and compliance. Data from 
several trials in coinfected patients show similar response rates 
and tolerability to monoinfected patients with interferon free- 
regimens.'””'”’ Figure 37-5 illustrates the response rates of direct 
acting antiviral (DAA) HCV treatments with SVR approaching 
100% in HCV genotype 1 patients. Rapid evolution of treatment 
regimens mandates that healthcare providers obtain up to date 
information regarding recommended treatment regimens, which 
is available in the AASLD/IDSA HCV Treatment Guidelines 
(http://www.hcvguidelines.org). However, because of potential 
drug-drug interactions between HCV DAA medications and 
components of cART, treatment in those with coinfection must be 
coordinated with the patient’s HIV care provider. In certain indi- 
viduals treatment could be deferred if there is no fibrosis, other 
contraindications to treatment, or concerns regarding adherence.'™ 

The long-term benefit of HCV cure in the setting of HIV 
coinfection has been described in several large cohort studies. 
Berenguer et al. described a large cohort of patients followed for 
a median of approximately 5 years after eradication of HCV and 
found a reduction in overall mortality and in liver-related events 
in those HIV/HCV-coinfected patients who achieved a sustained 
virologic response (SVR) compared to those who did not achieve 
SVR.'” In the Canadian Coinfection Cohort study, both mortal- 
ity and quality of life appeared to be positively impacted by 
achievement of SVR.'*° However, low treatment uptake in many 
populations (at least through the early DAA era) seems to domi- 
nate the long-term outcomes observed." 

For those who develop complications of cirrhosis (small hepa- 
tocellular carcinoma or liver decompensation), liver transplanta- 
tion can and should be considered. Although overall survival is 
suboptimal, carefully selected patients and donors lead to out- 
comes approaching HCV patients without HIV." Hopefully, 
with more effective HCV therapy, this will become even less of 
an issue. As with chronic HBV, patients should be counseled on 
sexual and household transmission, minimizing alcohol use, and 
avoidance of other hepatotoxic or infectious agents that can 
adversely affect the liver. 


Hepatitis D 


Hepatitis D, also known as delta hepatitis virus, is an RNA virus 
that requires the presence of HBV to complete its replication 
schema. An increasing incidence of HDV infection was reported 
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in HIV-infected persons living in Taiwan between 1992 and 
2012.'” Data from this study suggest that HDV seroconversion 
may be associated with acquisition of syphilis, suggesting that 
sexual exposure may be a more important risk than was previously 
recognized. Lack of screening may also limit information regard- 
ing HDV prevalence. In Guinea-Bissau, previously unrecognized 
HDV infection was discovered in 25% of HIV/HBV-positive 
patients and 44.5% had detectable HDV RNA in serum.'® In 
the EuroSIDA cohort, a substudy of 422 HBV/HIV-coinfected 
patients revealed 14.5% to be positive for anti-HDV and 87% of 
those had HDV RNA in serum.'®! Within a U.S. cohort, HDV 
antibody was present in 2% of HIV/HBV-positive patients, but 
HDV RNA was not reported.’ 

There are limited data regarding clinical outcomes of HDV in 
those with HIV infection. One group reported that HDV coinfec- 
tion was associated with a hazard ratio of 7.5 (1.84-30.8) of 
hepatic decompensation compared with controls consisting of 
HIV alone.'® In Taiwan, HDV was associated with an increased 
risk of aminotransferase flares, but did not appear to influence 
HIV progression or response to cART.' 

Treatment of HIV with a nucleoside backbone that includes 
tenofovir is recommended in HIV/HBV-infected patients. There- 
fore, there are opportunities to evaluate the effect of those regi- 
mens on HDV coinfection. Boyd et al. reported on their analysis 
of 13 triinfected patients undergoing treatment with tenofovir 
alone, or with tenofovir/interferon (n = 4). Patients were followed 
for a median period of 31.6 months. Decreases in HDV RNA 
levels were noted in both groups, though only two patients fully 
suppressed HDV RNA below 1000 copies/mL, both in patients 
concomitantly treated with interferon.'”’ Sheldon et al. described 
similar proportions of response in 16 HDV/HIV/HBV-coinfected 
patients. Of this group 12 had decreased HDV RNA and ALT 
and three cleared HDV RNA.” Given the paucity of data on 
treating HDV in those with HIV/HBV, interferon remains a 
viable option in those who can tolerate it. 


Hepatitis E 


The hepatitis E virus is a small single-stranded RNA virus that 
can cause both acute hepatitis and, in immunosuppressed hosts, 
chronic hepatitis. The virus is spread mainly by the fecal-oral route 
via contaminated water, though the source of the HEV genotype 
3 zoonotic form of the disease is thought to be pork products and 
other wild game including deer.'°°'® 


It is estimated that hepatitis E infects up to 20 million people 
per year with 10% to 20% of these experiencing acute illness that 
is clinically difficult to differentiate from hepatitis A infection. '® 
In certain regions of the world (e.g., India) infection during preg- 
nancy leads to high rates of mortality, though this has not been 
observed in Egypt and other countries.'””'’' The mechanism(s) 
underlying this observation remain unclear, though differences in 
age of first exposure as evidenced by antibody prevalence may be 
a factor. Whereas most patients will clear the virus fairly quickly, 
immunosuppressed patients, including those with HIV infection, 
are susceptible to impaired clearance and the establishment of a 
chronic infection. Rapid progression of hepatic fibrosis leading to 
liver failure has been described in HIV-infected patients and in 
chronicallyimmunosuppressed solid-organ transplant patients. |!” 

There is no treatment for acute HEV infection, as it is typically 
self-limited. Identification of chronic infection requires testing for 
HEV RNA, which is not widely available but which should be 
considered part of the diagnostic workup of an HIV-infected 
patient with persistent unexplained liver enzyme abnormalities. 
There are limited data that suggest that interferon or ribavirin can 
be used to clear chronic HEV infection.'”*'” A retrospective series 
across multiple transplant centers using pooled data to examine 
the role of ribavirin and treatment for 3 months found that a rela- 
tively high proportion of patients cleared virus, though relapses 
were observed.'”? HEV is a vaccine-preventable disease, but there 
are no data regarding efficacy of the vaccines in those with 
HIV-infection.'”°'”* 


Epstein Barr Virus (EBV) 


In the absence of HIV, hepatic involvement with infectious mono- 
nucleosis is estimated at 30% in the elderly and 10% in young 
adults.'” It presents with mild elevation of serum aminotransfer- 
ase levels and elevated bilirubin in the majority of patients. Ful- 
minant hepatic failure may occur in immunocompetent patients, '*° 
persons with HIV infection,'*' and in those with complement 
deficiency where the outcome can be fatal.'** Because acute HIV 
can have a similar clinical presentation to acute EBV (fever, ade- 
nopathy malaise, mild liver enzyme abnormalities) this should be 
included in the differential diagnosis of such patients.'*’ The 
pathogenesis is probably not direct hepatocyte infection or cyto- 
toxicity, but is more likely to be related to immune responses to 
viral antigens expressed on hepatocytes. Diagnosis is primarily by 
serology with positive antibodies and serum EBV DNA by PCR. 


e Fig. 37-6 Cytomegalovirus in hepatocytes with characteristic nuclear 
inclusions surrounded by a halo. 


EBV has a self-limited course and most initial treatment should 
be supportive, though several case reports have shown success with 
ganciclovir used for immunocompromised post-—liver transplant 
patients for EBV fulminant hepatitis and immunocompetent 
patients with severe EBV hepatitis.“ 


Cytomegalovirus (CMV) 


CMV is a common coinfection in HIV, especially in the setting 
of severe immunosuppression. Liver involvement has been 
reported to be up to 44% of patients at autopsy in certain 
studies.'*’ Most clinically significant infection is by reactivation 
of a previously latent infection. Whereas liver involvement is 
generally clinically silent, severe disease can occur in the setting 
of disseminated/systemic involvement. Classic features of CMV 
hepatitis are illustrated in Fig. 37-6. Serology and culture is the 
mainstay of diagnosis, and imaging studies with ultrasound show 
echogenic liver lesions, whereas abdominal CT demonstrates mul- 
tiple low-attenuated lesions. Ganciclovir and related antivirals, 
depending on disease severity, are the mainstay of treatment in 
immunocompromised patients, especially with diffuse disease. 


Fungal Infections 


Although now uncommon in the era of cART, fungal infections 
that affect the liver include Cryptococcus, Histoplasma, Coccidioides 
and Candida with up to 1 million deaths annually accounting for 
50% of all AIDS-related death.'*° Fungal involvement of the liver 
is usually in the context of disseminated disease with a low CD4 
count (<100 cell/mm?). Shibuya et al. retrospectively reviewed 
data from 162 HIV-infected patients and found liver involvement 
with generalized cryptococcosis at 66.7%.'*’ Lamps et al. per- 
formed a retrospective analysis of 36 patients with histoplasmosis 
involving the liver; 47% had enlarged liver, but only 17% had 
discrete grossly apparent hepatic lesions on pathology.'** Fig. 37-7 
illustrates the typical histologic findings associated with hepatic 
histoplasmosis. 
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e Fig. 37-7 Histoplasmosis in liver. Clusters of small yeasts, 3 um to 
4 um in diameter, stained black in the Gomori methenamine silver prepa- 
ration, can be seen in two Kupffer cells. 


e Fig. 37-8 Pneumocystis infection in liver. Cysts (arrows) of the organ- 
ism, 4 um to 7 um in diameter, stained black in the Gomori methenamine 
silver preparation, are present in an area of tissue necrosis in this patient 
with disseminated infection. 


Parasitic Infections 


Though immunosuppressed HIV-infected hosts are susceptible 
to a variety of parasitic infections, a few deserve special consider- 
ation. Pneumocystis infection is relatively common in those with 
CD4 counts less than 100 cells/mm’. Though primarily a pulmo- 
nary process, up to one third may have associated hepatic involve- 
ment.’ Extrapulmonary involvement has been associated with 
prior treatment with aerosolized pentamidine or oral dapsone. 
Hepatic imaging may reveal low-attenuation lesions and biopsy 
shows patchy granular necrosis without significant inflamma- 
tion. Eosinophilic infiltrates are frequently observed (Fig. 37-8). 
Treatment utilizes trimethoprim-sulfamethoxazole or intravenous 
pentamidine. 

Microsporidial infections, such as Cryptosporidium and Isospora, 
are also common in those with AIDS. Liver involvement is not 
uncommon, manifesting as portal tract granulomas containing 
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parasites within histiocytes. The most common agent is Enterocy- 
tozoon bieneusi, though several other species can also cause disease 
in HIV-infected patients. Microsporidiosis and Jsospora crypto- 
sporidiosis (Fig. 37-9) typically present as gastrointestinal illness 
with diarrhea and weight loss.'”° However, cholangitis has been 
described as the presenting symptom for both.” Bouche et al. 
described 15 cases of cholangitis in HIV-infected patients and 
Cryptosporidium was the most frequently encountered infectious 
agent with Jsospora less frequently. °” Treatment with nitazoxanide 
may be useful but highly efficacious therapies have not been 


i x n 
A CAR Sm ' 

e Fig. 37-9 Cryptosporidium in bile duct. The small round structures 

attached to the luminal side of the biliary epithelial cells are the trophozoite 

form of the organism and measure 2 um to 2.5 um in diameter. 
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described. Trimethoprim-sulfamethoxazole is often used for intes- 
tinal /sospora infections. Antiretroviral therapy that increases CD4 
counts to greater than 100 cells/mm? is recommended. 


Bacterial Infections 


Patients with AIDS are susceptible to infection with Bartonella 
henselae, which is a gram-negative rod that also causes cat scratch 
fever in immunocompetent patients. As the name implies, it is 
generally spread via exposure to cats through a bite or a scratch. 
This is supported by gene sequence evaluation of HIV-infected 
persons and their cats.'”’ Infection in immunosuppressed HIV- 
infected patients leads to development of peliosis hepatis charac- 
terized by multiple blood-filled cavities within the liver (Fig. 
37-10, A). These are associated with sinusoidal damage and devel- 
opment of aneurysmal dilation of the central vein. Focal necrosis 
within the liver parenchyma may also be observed. The causative 
organisms can be seen on Warthin Starry stains (see Fig. 37-10, 
B). A case-control study demonstrated that AIDS patients with 
peliosis hepatis had low CD4 counts (median 21 cells/mm’), 
fever, adenopathy, hepatomegaly, splenomegaly, and elevated alka- 
line phosphatase.” Patients respond to treatment with erythro- 
mycin, doxycycline, or rifampin. 


Granulomatous Processes 


Hepatic granulomas are a common finding in those with HIV 
infection and may be attributed to Mycobacterial infections, 
drugs, and nonspecific granulomatous processes. Granulomas are 
observed in up to 25% of HIV-infected patients with pulmonary 
tuberculosis and the majority of those with extrahepatic tuber- 
culosis infection.'” A recent systematic review included data on 
618 hepatic tuberculosis patients, some with HIV infection, and 
revealed that 80% reported hepatomegaly, 67% had fever, 60% 
had abdominal pain, and 58% had weight loss. Alkaline phos- 
phatase and GGT were the most common liver enzyme abnor- 
malities. Caseating granulomas were routinely observed, though 
not in every case.'”” HIV alters the pathophysiology of hepatic 


e Fig. 37-10 A, Peliosis hepatis in HIV. Bacillary angiomatosis mimics peliosis hepatis in patients with 
AIDS, causing blood-filled cysts that look like peliosis hepatis. B, Bartonella henselae (Warthin Starry 
stain). Bartonella henselae bacteria responsible for the peliosis-like lesions of bacillary angiomatosis can 
be identified as black stained bacilli with a Warthin-Starry silver stain. 
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e Fig. 37-11 Mycobacterium avium complex (MAC) in the liver. 


tuberculosis. Immunocompromised HIV-infected patients not 
only have increased susceptibility to tuberculosis reactivation and 
dissemination, but their manifestations of extrapulmonary tuber- 
culosis tend to be more severe. ° A four-drug treatment regimen 
is generally employed. 

The Mycobacterium avium complex (MAC) is also a common 
etiology for granulomas in HIV-infected persons. The presenta- 
tion is very similar to those with hepatic tuberculosis though 
hepatomegaly may be less frequently reported (Fig. 37-11). Dis- 
seminated MAC with liver involvement is generally seen in the 
untreated HIV-infected patient prior to initiation of cART. Treat- 
ment is based upon a two- or three-drug regimen. Typically, 
patients are treated with clarithromycin and ethambutol. Some 
experts add rifabutin. HIV antiretroviral therapy should be initi- 
ated within 2 weeks if not already started. Treatment may be 
discontinued when the patient has completed 12 months of 
therapy and has no signs of MAC disease and has sustained CD4 
counts greater than 100 cells/mm’.*° Nonspecific granulomatous 
processes are also observed in some AIDS patients.'”” 


Nonalcoholic Fatty Liver Disease 


Abnormal liver enzymes are common and occur in 40% to 60% 
of HIV-infected patients on cART, even in the absence of viral 
hepatitis. '“°'*”? Given the prevalence of nonalcoholic fatty liver 
disease (NAFLD) in the general population, the majority of these 
HIV-infected subjects are also believed to have NAFLD." In 
HIV-uninfected persons without alcohol consumption, NAFLD 
is often associated with obesity, diabetes, hypertension, and dys- 
lipidemia (the so-called metabolic syndrome).”””*”’ HIV patients 
have comorbidities related to diabetes and obesity and, as in the 
rest of the U.S. population, are increasing in frequency.” Risk 
factors associated with development of NAFLD/nonalcoholic ste- 
atohepatitis (NASH) are illustrated in Fig. 37-12. Several studies 
have examined the prevalence of steatosis in those with HIV. One 
study of 225 HIV-positive patients referred to a metabolic clinic 


using CT imaging found liver-spleen attenuation consistent with 
hepatic steatosis in 37% of patients.” Factors associated with the 
presence of hepatic steatosis in HIV-infected patients include a 
higher serum ALT : AST ratio, male gender, increased waist circum- 
ference, and long-term NRTI use compared with HIV-uninfected 
controls. In a cohort of 830 HIV-infected patients undergoing 
ultrasound, severe steatosis (>30%) assessed by ultrasound (US) 
was found in 13% of patients and associated with higher BMI, 
alcohol consumption, lipohypertrophy, elevated serum glucose, 
and higher HIV RNA levels.” Conversely, in another study 
utilizing ultrasound in 216 HIV-positive persons without HCV, 
31% had steatosis that was associated with increased waist cir- 
cumference, higher triglycerides, and lower HDL levels but not 
HIV levels or HIV medications.” Other studies utilizing ultra- 
sound, CT, or continuous attenuated parameter (as an adjunct to 
transient elastography) to assess steatosis observed a 15% to 53% 
prevalence in HIV-infected persons.” 

There are few studies examining liver histology in those with 
HIV in the absence of HCV or alcohol. In a study of 30 HIV 
subjects with elevated liver enzymes without alcohol or viral hepa- 
titis, histologic abnormalities were seen in 22 of 30 (73%), with 
steatosis present in 18 (9 severe) of whom 16 (53%) had histology 
consistent with NASH.’ Presence of NASH was associated with 
insulin resistance. In another small study of 14 HIV subjects with 
elevated liver enzymes in the absence of viral hepatitis, alcohol, or 
diabetes, 65% had more than 5% steatosis with histologic features 
diagnostic of NASH in 26%.*'' Taken together, these studies show 
that hepatic steatosis represents an important liver disease in those 
living with HIV. Fig. 37-13 illustrates the putative pathogen- 
esis of NAFLD in HIV-infected patients. Although not formally 
studied in HIV, those with NAFLD and, in particular, NASH 
have increased cardiovascular disease and increased all-cause and 
cardiovascular mortality also.*'*?'’ With this significant burden of 
NAFLD in the coinfected population, it becomes important to 
recognize this disease entity as these patients are at a heightened 
risk for cardiovascular incidents and progression towards liver 
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e Fig.37-12 Risk factors for NAFLD in those with HIV. NASH, Nonalcoholic steatohepatitis; NRTI, 
nucleotide reverse transcriptase inhibitor; PI, protease inhibitor. 
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e Fig. 37-13 Pathogenesis of HIV-lipodystrophy-dyslipidemia-fatty 
liver syndrome. 


fibrosis and cirrhosis. As for those without HIV, hepatic steatosis 
has also been associated with the PNPLA3 (rs738409) polymor- 
phism in patients with HIV.” 

As with many liver diseases, the liver biopsy is the benchmark 
for diagnosis, but clinicians are adopting other noninvasive means 
to aid in the diagnosis of NAFLD. A liver US or abdominal CT 
scan is sensitive in detecting NAFLD, but results are most con- 
sistent in patients with greater than 30% steatosis.” Other non- 
invasive means of diagnosis of NAFLD are the calculated liver fat 
score and the lipid accumulation product, which have been 
assessed in HIV patients.”’*'? Another noninvasive test with 84% 
sensitivity for NAFLD is the fatty liver index. It incorporates body 
mass index, waist circumference, triglycerides, and GGT, but has 
not been independently tested on HIV patients.” 

At this time, no therapeutic interventions to treat NASH have 
been studied in HIV patients. Once a diagnosis of NAFLD has 
been established, a management strategy primarily focused on 


measures to control the underlying metabolic and other risk 
factors is beneficial. Patients on cART regimens using older nucle- 
oside analogs (didanosine, stavudine) and perhaps those on pro- 
tease inhibitors may benefit from substitution of a regimen less 
likely to cause alterations of fat metabolism (e.g., integrase inhibi- 
tor with tenofovir, abacavir and/or lamivudine) if possible. This 
concept has not been established in formal clinical trials, however. 
Indeed, not all studies have demonstrated a relationship between 
NAFLD and use of NRTIs.*'’ Because NASH has only recently 
been recognized in the HIV population, there are no studies on 
the impact of changing cART. Nevertheless, it makes sense that 
those on older nucleoside reverse transcriptase inhibitors and pro- 
tease inhibitors associated with insulin resistance be changed to a 
cART regimen that may be more “friendly” to the liver as long as 
it can maintain HIV suppression. Although therapy with vitamin 
E or pioglitazone have been shown to reduce fibrosis in NAFLD, 
further studies to validate this in HIV patients are needed.”'* 
Once cirrhosis sets in and the patient does not have contraindica- 
tions, liver transplantation should be considered. 


Hepatotoxic Drugs and Drug-Drug Interactions 


Clinicians caring for patients with HIV need to understand the 
clinical importance, limitations of existing literature, risk factors, 
mechanisms, and management of drug-induced liver injury 
(DILI) in this population.””” Interpretation of increases in liver 
enzymes must take into account patterns that are commonly seen 
in association with cART administration, but are of no clinical 
significance. For example, some protease inhibitors act as inhibi- 
tors of uridine diphosphate-glucuronosyltransferase (UGT) 1A1, 
an enzyme of the glucuronidation pathway that transforms small 
lipophilic molecules, such as steroids, bilirubin, hormones, and 
drugs, into water-soluble metabolites. Genetic variations in the 
UGTIAI enzyme have been linked to hyperbilirubinemia.*”°*” 
Similarly, two protease inhibitors, indinavir and atazanavir, inhibit 


UGTIAI and may be associated with clinically apparent increases 
in bilirubin similar to Gilbert syndrome.” These elevations of 
bilirubin can be cosmetically concerning for the patient but do 
not infer significant liver disease. In contrast, patients with marked 
impairment of hepatic synthetic function with increases in direct 
conjugated bilirubin along with elevations of aminotransferases 
are at risk for liver-related mortality. 

Older studies suggest that elevated liver chemistries were 
common and occurred in 40% to 60% of patients on cART regi- 
mens.'”*'”””?° This is far greater than expected in the general 
population (8%)*”’ and may be due to drugs used to treat HIV 
at that time or other factors such as alcohol use. Table 37-5 sum- 
marizes the cART HIV treatment classes and their relative risk of 
hepatotoxicity. Antiretroviral DILI can be divided up into four 
broad categories: direct drug toxicity, hypersensitivity, mitochon- 
drial toxicity, and immune reconstitution (Table 37-6). 

‘The two important consequences of DILI in HIV patients are 
discontinuation of needed cART and liver-related morbidity and 
mortality.” Discontinuation of antiretroviral agents due to hepa- 
totoxicity can also lead to profound immunosuppression and risk 
of AIDS-related opportunistic infections. The spectrum of mani- 
festations of DILI in HIV-infected patients can range from 
asymptomatic elevations of aminotransferases to hepatic failure 


Drugs Used to Treat HIV and 
Their Risk for Hepatotoxicity 


Nucleoside Didanosine (ddl) Caution 
reverse Stavudine (d4T) Caution 
transcriptase Zidovudine (AZT) Intermediate 
inhibitors Abacavir (ABV) Safe* 
(NRTI) Lamivudine (LAM) Safe 

Emtricitabine (FTC) Safe 
Tenofovir (TDF)/Tenofovir Safe 
Alafenamide (TAF) 

Nonnucleoside Nevirapine (NVP) Caution 
reverse Efavirenz (EFV) Safe 
transcriptase Etravirine Safe 
inhibitors Delaviridine Safe 
(NNRTI) Rilpiverine Safe 

Protease Ritonavir (full dose, RTV) Caution‘ 
inhibitors (PI) Tipranavir (TPV) Caution 

Fosamprenavir (AMP) Safe 
Darunavir (DRV) Safe 
Atazanavir (ATV) Safe 
Indinavir (IDV) Safe 
Lopinavir (LPV) Safe 
Saquinavir (SQV) Safe 
Nelfinavir (NFV) Safe 

Entry inhibitor Enfuvirtide (T-20) Safe 

Integrase Raltegravir (RAL) Safe* 
inhibitor Dolutegrevir 

Elvitegravir 
CCR5 antagonist Maraviroc (MVC) Safe* 


“Hypersensitivity reactions can occur. 

‘At full doses, not when used to boost Pls. 

CCR5, Chemokine receptor 5; NWATI, nonnucleoside reverse transcriptase inhibitors; 
NATI, nucleoside reverse transcriptase inhibitors; P/, protease inhibitor. 
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and death. In a study of 755 HIV patients starting cART, clinical 
outcomes were separated into “relevant hepatotoxicity” (transami- 
nases of more than 5 times ULN or 2.5 times baseline) and severe 
hepatotoxicity (10 times ULN or 5 times baseline). Twenty-six 
(3.4%) patients developed severe hepatotoxicity leading to the 
clinically important outcome of drug discontinuation.” Further- 
more, seven of these patients subsequently developed liver failure 
3 to 25 days after the peak ALT occurred. In a large AIDS clinical 
trial group cohort of nearly 3000 patients initiating cART, the 
most common Grade 4 adverse events were liver-related (2.6 per 
100 person-years).**° These data, and multiple other studies, 
suggest that hepatotoxicity can lead to serious morbidity and 
mortality among HIV-infected patients. 

Studies in Europe have had similar findings. In the Swiss 
HIV Cohort Study population, Grade 4 liver enzyme elevations 
occurred in 35 (6.3%) of 560 patients, of whom 6 (17.1%) were 
symptomatic and 12 (34%) discontinued cART.”*' In multivariate 
analysis, independent risk factors for Grade 4 liver injury were 
higher baseline ALT levels (hazard ratio [HR], 1.05 for each 
10 U increase), chronic HBV infection (HR, 9.2), chronic HCV 
infection (HR, 5.0), the use of first-line potent cART combina- 
tion regimens in patients without prior NRTI treatment (HR, 
2.8), recent start of nevirapine (HR, 9.6) or ritonavir (HR, 4.9) 
therapy, and female sex (HR, 2.8). Furthermore, among patients 
chronically coinfected with HBV, discontinuing the use of lami- 
vudine was associated with the development of Grade 4 liver 
enzyme elevations (HR, 6.8). Significantly, in the study by Wit 
et al., the use of low-dose ritonavir-based cART (i.e., less than 
200 mg two times per day) was not associated with any cases of 
Grade 4 hepatotoxicity. Furthermore, in a randomized controlled 
trial that compared lopinavir therapy boosted with low-dose rito- 
navir and nelfinavir, only 4.5% of lopinavir/ritonavir recipients 
developed an AST or ALT level greater than five times the ULN, 
which was similar to the incidence observed in those on nelfinavir 
without ritonavir (5.2%). Other studies support these find- 
ings.” This is important because current HIV treatment guide- 
lines recommend the use of low-dose ritonavir-boosted protease 
inhibitors because of the favorable pharmacokinetic profile and 
documented effectiveness. 

Newer protease inhibitors may also carry the same risks. Tip- 
ranavir is approved by the FDA for use in combination with 
low-dose ritonavir boosting for treatment-experienced patients 
with HIV resistance to first generation PIs. In Phase II and III 
tipranavir/ritonavir trials (V = 1299), 11.1% of tipranavir/ 
ritonavir patients receiving 500 mg/200 mg BID developed 
Grade 3/4 ALT/AST elevations through 96 weeks of treatment.” 
In multivariate Cox regression models for the risk of Grade 3/4 
ALT and/or AST elevations, tipranavir use was independently 
associated with greater risk of Grade 3/4 ALT and/or AST eleva- 
tions (HR, 2.8; p < 0.05), as was HBV/HCV coinfection (HR, 
2.0; p < 0.05), elevated ALT and/or AST at baseline (HR, 2.1; 
p < 0.10), and baseline CD4 count greater than 200 cells/mm? 
(HR, 1.5; p < 0.10). Thus, among currently available protease 
inhibitors, full-dose ritonavir and tipranavir boosted with ritona- 
vir has been associated with a markedly higher incidence of sig- 
nificant drug-induced liver injury whereas other protease inhibitor 
regimes have had similar rates of DILI in most settings. 

The incidence of hypersensitivity reactions is more common 
in those with HIV compared to the general population.” 
Symptoms include fever, skin rash, fatigue, nausea, vomiting, 
diarrhea, abdominal pain, and eosinophilia. Hypersensitivity reac- 
tions must promptly be identified as they can result in severe 
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TABLE 
37-6 


Mechanisms of Drug-Induced Liver Injury With Antiretroviral Agents 


Idiosyncratic reaction or NVP 
intrinsic toxicity 


Dose-dependent for intrinsic 


Can vary by agent 


Hypersensitivity reaction  NVP* > ABV* 


Often associated with rash 


Usually within 8 weeks 


Mitochondrial toxicity ddl > d4T > AZT > ABV = TDF = LAM = FTC 


Lactic acidosis 


Tends to occur after prolonged exposure 


Immune reconstitution Any More common in those with low Usually within the first few months 
CD4 and chronic HBV 
Steatosis NRTIs Metabolic syndrome, lipodystrophy Usually with prolonged exposure 
Pls 


*Increased with certain polymorphisms. 


ABV, Abacavir,; AMP. amprinavir; AZT, zidovudine; d47, stavudine; ddl, didanosine; FTC, emtricitabine; LAM, lamivudine; ATI, nucleoside reverse transcriptase inhibitor, NVP nevirapine; PI, protease 


inhibitor; TDF tenofovir. 


life-threatening illness. Hypersensitivity reactions have been 
reported for trimethoprim-sulfamethoxazole, abacavir, nevirapine, 
atazanavir, enfuvirtide, fosamprenavir, and maraviroc and are often 
related to genetically mediated processes of drug metabolism.” 
Mitochondria are important in energy production and fat and 
glucose metabolism and the main source of reactive oxygen 
species. NRTIs used to treat HIV can cause mitochondrial toxicity 
by inhibiting mitochondrial DNA polymerase-y, which is respon- 
sible for replication of mitochondrial DNA. Significant decreases 
in mitochondrial function can result in decreased oxidative phos- 
phorylation leading to increased lactate production.” ®” Impaired 
oxidation may also lead to a decrease in fatty acid oxidation. Free 
fatty acids subsequently accumulate and are metabolized to tri- 
glycerides. These excess triglycerides reside in the liver causing 
hepatic steatosis.”** Fortunately, in 2010, the first-line NRTIs for 
treatment-naive patients include tenofovir and either emtric- 
itabine or lamivudine, which are less associated with mitochon- 
drial toxicity (http://www.aidsinfo.nih.gov/guidelines/). This risk 
of mitochondrial toxicity is increased in HIV/HCV-coinfected 
patients”’*“° due in part to the additional oxidative stress from 
chronic HCV core protein.” ?® In HIV/HCV treatment trials of 
peginterferon and ribavirin, mitochondrial toxicity was identified 
in approximately 3% patients.““**” In a prospective analysis of 
113 coinfected patients, Laguno et al. identified evidence of this 
disorder in 12% of HIV/HCV patients on cART treated with 
peginterferon and ribavirin therapy, although most patients were 
asymptomatic.” One of the major risk factors for mitochondrial 
toxicity in HIV-infected patients on combination interferon/ 
ribavirin therapy is the coadministration of didanosine.**”“” Riba- 
virin monophosphate inhibits IMPDH, the primary phosphate 
donor to didanosine.” This inhibition increases the intracellular 
concentrations of didanosine triphosphate and the occurrence of 
resultant toxicities such as lactic acidosis. Therefore, didanosine 
should not be coadministered with ribavirin therapy. Clinically, 
mitochondrial toxicity is manifested by nausea, vomiting, and 
abdominal pain, which can progress to severe acidosis. In addition 
to elevated lactate levels, there are often increases in pancreatic 
enzymes and liver enzymes with AST greater than ALT. The most 
common NRTIs associated with mitochondrial toxicity are didan- 
osine and stavudine, which are now rarely used in resource-rich 
countries. These agents may also be associated with development 


e Fig. 37-14 The photomicrograph shows classic features of obliterative 
portal venopathy (formerly known as hepatoportal sclerosis) and shows 
three portal tracts, all of which are densely fibrotic and demonstrate 
phlebosclerosis (obliterated portal venules). Additionally, there are herni- 
ated portal vein branches noted in one of these portal areas; there is also 
sinusoidal dilatation. (Courtesy of M. Isabel Fiel, M.D., Icahn School of 
Medicine at Mount Sinai, New York, NY.) 


of noncirrhotic portal hypertension.” Whereas the mecha- 
nism of injury is unknown, an association with specific gene 
polymorphisms has been described that may lead to development 
of hepatoportal sclerosis, a vascular lesion that leads to develop- 
ment of portal hypertension and its sequelae, without develop- 
ment of frank cirrhosis.” This lesion is shown in Fig. 37-14. 

HIV-infected patients who commence cART when they have 
advanced immunodeficiency are susceptible to immune reconsti- 
tution disorders.” Immune restoration is associated with 
recovery of pathogen-specific responses, but may also cause sig- 
nificant morbidity and negatively affect quality of life.” Inflam- 
matory reactions after immune restoration can occur in up to 
40% of individuals who begin cART at low baseline CD4 


2 2 . . . 
counts.” The pathogenesis of immune restoration syndromes 
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Non-HIV Drugs Often Associated With Drug-Induced Liver Injury in HIV-Infected Persons 


Antifungal agents Ketoconazole Increased AST and ALT 
Inhibits cytochrome P450 and may increase PI levels 
Macrolide antibiotic Erythromycin Increased ALP 
Inhibits cytochrome P450 and may increase PI levels 
Antituberculosis agents Isoniazid Increased AST and ALT 
Rifampicin 
Pyrazinamide 


Antipneumocystis agents 


Trimethoprim-sulfamethoxazole 


Increased AST, ALT, and ALP possible 


Antiherpes and cytomegalovirus Acyclovir Rare elevations in AST and ALT, bilirubin 
Lipid lowering agents Statins Increased AST and ALT 
Anabolic steroids Nandrolone Increased ALP, bilirubin 


ALP Alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; PI, protease inhibitor. 


is not well understood, but may be related to an unmasking of a 
previously latent infection precipitated by cART-induced immu- 
nologic recovery of CD4 (+) and CD8 (+) T cell function.” The 
immunologic changes associated with cART have been linked to 
a change in the Th1/Th2 balance to a predominantly Th! cytokine 
environment,” which may produce increased inflammation. 
Immune restoration syndromes associated with several pathogens 
have been described and patients coinfected with HBV or HCV 
are at particular risk for this syndrome. In a study of 352 subjects 
starting cART, 81 (23%) developed increased liver enzymes. This 
observation was more commonly seen in those with HBV and/or 
HCV coinfection versus those with HIV alone (51% vs. 14%). 
Another risk factor for immune reconstitution syndrome in this 
study included a higher absolute increase in CD4 cell count.” 

HIV patients often require treatment for comorbid conditions 
(e.g., fungal infections, pneumocystis pneumonia, herpes, cyto- 
megalovirus, tuberculosis, and hyperlipidemia) with medications 
that may also cause hepatotoxicity, independent of cART (Table 
37-7). Antituberculosis drugs (isoniazid, rifampicin, and pyra- 
zinamide) can cause direct hepatotoxicity and immune-mediated 
hepatic necrosis.°* Several studies have examined the risk of 
hepatotoxicity of antituberculosis therapy in HIV-positive patients 
who are coinfected with HCV or HBV. In one study, the risk of 
DILI in HIV-infected patients with concomitant HCV was 
increased 14.4-fold compared to tuberculosis patients with either 
viral infection.” However, others report that antituberculosis 
therapy was relatively safe in terms of liver toxicity in coinfected 
patients.” 

Fig. 37-15 graphically outlines management of cART-associated 
hepatotoxicity. In addition to ruling out HCV, HBV, and alcohol, 
those with mild to moderate increases (<5 x ULN or <3.5-fold 
increase from baseline) without symptoms or signs of hypersensi- 
tivity, require careful monitoring but may not need their cART 
stopped and can be continued as long as there are no symptoms 
of acute liver failure (increased PT/INR or bilirubin), evidence of 
mitochondrial toxicity, or evidence of hypersensitivity reaction. In 
those with these features or in those with Grade 3 or 4 toxicity 
(>5 times increase in liver enzymes or >3.5 times baseline), cART 
should be discontinued and these patients followed closely in 


conjunction with their HIV care provider. If liver enzymes 
improve, an alternative cART regimen can be initiated with close 
monitoring. If liver enzymes do not improve despite stopping 
cART, liver biopsy should be strongly considered. When reinitiat- 
ing cART, consultation with an experienced HIV care provider 
may be needed in choosing an alternative regimen. 


Hepatic Malignancies Associated With HIV 


In patients with AIDS, certain malignancies that may affect the 
liver are more common. These include non-Hodgkin lymphoma 
(NHL) and Kaposi sarcoma. There is increasing evidence that the 
tisk of developing hepatocellular carcinoma (HCC) is greater 
among those with HIV, though not all studies confirm this 
observation.” 

Non-Hodgkin lymphoma is much more frequent in HIV than 
in those without HIV. Indeed, NHL is an AIDS-defining malig- 
nancy. The excess case risk in the United States attributable to 
AIDS is more than eight times increased over the expected number 
of cases without HIV.” It is also increased in those with HCV 
infection and there are insufficient data to tease out the relative 
contribution of each within the HIV-infected population that 
often has high rates of HCV infection as well. A meta-analysis 
examined 15 studies and concluded that approximately 10% is 
attributable to HCV?” with a 35-fold increase in risk when mixed 
cryoglobulinemia is present.” Primary hepatic NHL is rare, pre- 
senting in 1% of all NHL cases, but 10% of NHL cases include 
liver involvement.” Typically, alkaline phosphatase levels are 
elevated if the liver is involved. The lesion may appear as a mass 
on ultrasound or CT or as findings of diffuse infiltrative disease. 
Overall, there has been a decline in NHL occurrence among those 
with HIV when comparing 1996 to 2003 with 2003 to 2010. 
This is probably associated with increased application of cART 
and changing demographics of HIV infection.” Kaposi sarcoma 
is now a relatively rare complication of severe HIV-associated 
CD4 depletion. Whereas more commonly observed in the gastro- 
intestinal tract, mass lesions in the liver are occasionally observed 
(Fig. 37-16). Patients frequently present with abdominal pain, 
hepatomegaly, and increased alkaline phosphatase levels. 
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Increase in serum ALT or AST levels 
after initiation of antiretroviral therapy 


Grade 1 or 2 increase (<5 times 
upper limit of normal or <3.5 
times abnormal baseline level) 


l 


Grade 3 or 4 increase (>5 times 
upper limit of normal or >3.5 
times abnormal baseline level) 


Signs or symptoms of acute 
hepatitis or mitochondrial toxicity 
or acute hypersensitivity reaction 
(e.g., to abacavir or nevirapine)? 


No Yes 


Exclude other possible causes of acute hepatitis 


Consider discontinuation of antiretroviral therapy 
If suspicion of mitochondrial toxicity or acute 
hypersensitivity reaction (e.g., to abacavir or 

nevirapine), stop antiretroviral therapy 


a 


Decrease in serum ALT 
or AST levels after 
discontinuation of 

antiretroviral therapy 


No change or increase 
in serum ALT or 
AST levels after 

discontinuation of 


| antiretroviral therapy 


ý 


Continue antiviral 
therapy 


Follow algorithm 
for grade 3 or 4 
increase in serum 
ALT or AST levels 


Monitor serum ALT 
and AST levels monthly 


Reinitiate antiretroviral 
therapy with new drug 
regimen 


Strongly consider 
liver biopsy 


Consider treatment 
of underlying liver 
disease (e.g., HCV 


Monitor serum ALT 
and AST levels closely 


infection) 


e Fig. 37-15 Clinical management of antiretroviral-associated hepatotoxicity. 


Data regarding risk of HCC in HIV-infected versus uninfected 
are mixed. Some studies show HIV patients present at an earlier 
age compared to non-HIV controls, but this may reflect the earlier 
onset of cirrhosis among those with HCV, thereby providing the 
environment for emergence of HCC. This association of HCC 
with earlier cirrhosis is supported by data from the VA Clinical 
Case Registry and low CD4 count was also a predictor of HCC 


diagnosis.””° In the French Mortavic registry, which examined 
liver-related deaths between 1995 and 2010, 80% of the mortality 
was in those with HCV infection and 50% of liver-related death 
was attributed to HCC.’ Surveillance strategies for HCC in those 
with HIV are identical to those with HBV- and HCV-associated 


cirrhosis. 


AIDS Cholangiopathy 


AIDS cholangiopathy is a nonfatal cause of liver disease in HIV 
patients.'””””’ It was reported to affect up to a quarter of HIV- 
infected patients but this was prior to the advent of effective 
cART.””* Incidence has subsequently declined where antiretroviral 
therapy is available.” The exact pathogenesis is unknown, but a 
clear association has been seen with opportunistic infections such 
as Cryptosporidium, Cytomegalovirus, Microsporidium, Giardia, 
Mycobacterium avium complex, Cyclospora cayetanensis, and even 
Isospora, suggesting an infectious sclerosing cholangitis.“°*’ It 
is typically seen in patients with CD4 counts of less than 100/ 
mm’. Patients generally present with biliary pain, in other 
words right upper quadrant and/or mid-epigastric abdominal 
pain, but can also present with nausea, diarrhea, weight loss, and 
jaundice. Blood chemistry studies reveal mild to moderate eleva- 
tion in alkaline phosphatase and GGT levels. Diagnosis is best 
confirmed by ERCP which would be the most specific diagnostic 
tool that has an added advantage of therapeutic intervention with 
sphincterotomy. Similar to ERCP for diagnosis, but a cheaper 


initial screening test is a simple biliary ultrasound. Based on a 
positive or negative screen, further confirmatory diagnostic tests 
like MRCP or diagnostic ERCP can be ordered. Treatment con- 
sists of ERCP with sphincterotomy. ERCP has been shown to alle- 
viate symptoms but has no bearing on mortality or improvement 
in liver enzymes and the disease may continue to progress. ”®?® 


Liver Transplantation in HIV 


Liver transplantation is a viable management option in the HIV- 
infected patient with complications of cirrhosis. Multicenter trials 
and single-center experiences in the United States and Europe 
support the role of liver transplantation in HIV-infected persons 
with end-stage liver disease. For patients who undergo trans- 
plantation for HBV, treatment outcomes in terms of graft and 
patient survival are excellent and exceed 90% at 1 year. Lower 
rates of graft/patient survival have been observed in those with 
HCV infection. However, post hoc analysis reveals that poor out- 
comes are associated with a limited number of controllable factors 
including donor age, single versus multiple organ transplant, 
and center experience.'****°*** Outcomes are also influenced by 
immunologic factors including sCD14 and IL-10.*” Rejection 
levels can be surprisingly high and adequate immunosuppression 
is critical. Indeed, pooled data from an international cohort dem- 
onstrated that 19% of retransplantation in HIV-infected patients 
was due to rejection in the initial graft.” Furthermore, the risk of 
opportunistic infection and neoplasms was not increased follow- 
ing liver transplantation with subsequent immunosuppression. 
However, progression of anal intraepithelial neoplasms associated 
with human papillomavirus infection was described.” HIV viral 
control appears to be maintained following liver transplantation, 
though drug-drug interactions between protease inhibitors and 
calcineurin inhibitors must be considered and managed. New 
data regarding transplant outcomes in the all oral DAA era have 
not yet emerged, though first-generation treatment with a DAA/ 
pegylated interferon/ribavirin regimen did demonstrate HCV 
SVR comparable to that seen pretransplant.” 


Conclusion 


Liver disease remains an important factor in the morbidity and 
mortality of those with HIV infection. Early control of HIV is 
an important first step in mitigating development of hepatic com- 
plications, but a panoply of viral, metabolic, and toxic etiologies 
conspire to make hepatic injury important in those with HIV for 
the foreseeable future. Hepatologists and gastroenterologists man- 
aging patients with HIV must be familiar with common antiret- 
roviral medications and the unique drug-drug interactions that 
must be considered when managing viral processes such as HCV. 
As improved treatment of viral coinfections becomes a reality, 
there will be increased attention on the emergence of NAFLD/ 
NASH as a key factor in long-term morbidity and survival in the 
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HIV-infected population. A collaborative management approach 
with HIV care providers will facilitate care and contribute to 
increased lifespan in this important group of patients. 


SUMMARY 


Recent Progress 

e Major advances have been made in the cure of hepatitis C viral 
infections. Previously, the presence of HIV coinfection was associated 
with decreased rates of treatment response but this gap has virtually 
disappeared with the use of newer direct-acting antiviral agents. 
Furthermore, these agents have become more tolerable and drug-drug 
interactions have been reduced, though not eliminated. Furthermore, it 
is now understood that fully suppressive HIV therapy will decrease 
rates of hepatic fibrosis and represent a key step in the management 
of all HIV-infected patients. 


Key Knowledge Gaps 

e Long-term effects of many antiretroviral agents remain unclear. 
Lifelong exposure to many nucleoside analogs and to HIV protease 
inhibitors may lead to alterations in fat metabolism and hepatic fibrosis 
but there are no studies that establish a clear benefit to modification of 
the cART regimen. 

e The significance of newly recognized pathogens such as hepatitis E, 
which leads to chronicity with rapid fibrotic progression in some 
HIV-infected patients, is unknown. Similarly, occult HBV may be a 
frequent occurrence in those with HIV and may contribute to increased 
rates of HCC. The effect of common drugs of abuse on HIV-infected 
persons is also unknown, but increased risk of progressive fibrosis has 
been suggested. 

e Data suggests that rates of hepatic decompensation may be greater 
than in non-HIV-infected persons, but the reason is subject to 
speculation in the absence of data. 


Future Directions 

e Altered drug-drug interactions in the setting of HIV need to be further 
explained through use of careful agent-specific, rather than class- 
specific pharmacokinetic (pK) analyses. 

e Functional cure of HBV is rare, and effective vaccination strategies for 
HBV in the HIV-infected patient remain to be determined. 

e Agents that might reduce or eliminate hepatic fibrosis are acutely 
needed in the HIV population as they are among the highest risk for 
multi-factorial etiologies of progressive liver disease. 
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ABBREVIATIONS - 


AIDS acquired immunodeficiency syndrome 

ALT alanine aminotransferase 

AST aspartate aminotransferase 

CMV cytomegalovirus 

DHF dengue hemorrhagic fever 

DSS dengue shock syndrome 

EBV Epstein-Barr virus 

ELISA enzyme-linked immunosorbent assay 
HAART highly active antiretroviral therapy 

HHV human herpesvirus 

HIV human immunodeficiency virus 

HSV herpes simplex virus 

IgG immunoglobulin G 

IgM immunoglobulin M 

PTLD posttransplant lymphoproliferative disease 
RT-PCR reverse transcription polymerase chain reaction 
SARS severe acute respiratory syndrome 

VZV varicella-zoster virus 


Introduction 


The liver can be affected as part of a generalized host infection 
with viruses that primarily target other tissues. Liver involvement 
in nonhepatotropic viral infections can range from mild derange- 
ment of liver biochemistry to fulminant liver failure. In most of 
these infections, liver inflammation is thought to be a conse- 
quence of an immune response to viral antigens rather than a 
direct hepatic infection. In this chapter we review liver diseases 
associated with opportunistic viral infections in immunocompro- 
mised hosts, common systemic viral infections, and viral hemor- 
thagic fevers. 


Opportunistic Viral Infections (Table 38-1) 


Epstein-Barr Virus 


Epstein-Barr virus (EBV) is transmitted by contact with oral secre- 
tions and resides latently in the resting memory B cells.’ Primary 
EBV infection affects 90% of the population and manifests as the 
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classic triad of fever, sore throat, and lymphadenopathy, known 
as infectious mononucleosis. Gastrointestinal manifestations such 
as abdominal pain, nausea, and diarrhea are mild. EBV often 
causes a mild self-limited hepatitis, manifested as twofold to 
threefold elevations of the levels of serum aminotransferases and 
hepatosplenomegaly. A cholestatic biochemical pattern has been 
described in up to 65% of cases” but jaundice is rare (5% to 10 
% of cases)’ and vanishing bile duct syndrome is sporadic.“ Severe 
hepatitis or acute liver failure requiring emergent liver transplanta- 
tion is very rare (0.21% of acute liver failure cases in the United 
States) but has a high case-fatality rate.” Notably, these patients are 
young (younger than 30 years) and immunocompetent.” Clini- 
cally significant hepatic damage from EBV infection can occur in 
immunosuppressed patients, such as human immunodeficiency 
virus (HIV)-positive patients, transplant patients, or inflamma- 
tory bowel disease patients receiving immunosuppressive medica- 
tions.” Chronic hepatitis potentially linked to EBV infection has 
been reported.’ Some cases of autoimmune'' or granulomatous” 
hepatitis have also been associated with EBV infection. Despite 
the definite oncogenic potential of EBV, there is no convinc- 
ing evidence linking EBV and the development of liver cancer, 
with the exception of the lymphoepithelioma-like hepatocellular 
carcinoma’? and lymphoepithelioma-like cholangiocarcinoma.’ 
EBV infection after liver transplantation is a rare (3%) but feared 
complication because it can lead to posttransplant lymphoprolif- 
erative disease (PTLD). Because 90% of adults are EBV seroposi- 
tive, the predominant pathophysiologic mechanism of active EBV 
infection after transplant is EBV reactivation.” High-dose steroid 
treatment of rejection is a strong predictor of PTLD." 
Although liver biopsy samples from EBV hepatitis patients 
exhibit a wide spectrum of histologic features, a moderate to 
marked lymphocytic infiltrate in the portal tracts with scattered 
foci of interface activity is the main finding. When a large number 
of atypical lymphocytes are present, exclusion of hepatosplenic 
T-cell lymphoma should be considered. A more characteristic 
feature of EBV hepatitis is the beaded sinusoidal lymphocytic 
infiltration in a single-file pattern'’ (Fig. 38-1). Additionally, a 
variable degree of bile duct damage can be seen in most cases, 
although the mechanism is unknown. Small epithelioid granulo- 
mas can be seen, which, together with the biliary histopathologic 
features and biochemical cholestatic pattern can mistakenly lead 
to a false diagnosis of primary biliary cholangitis. The diagnosis of 
EBV hepatitis requires a high index of suspicion and confirmation 
with ancillary tests, such as im situ hybridization and polymerase 
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TABLE 
38-1 


Summary of Opportunistic Viral Infections in Inmunocompromised Hosts 
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EBV Fever, sore throat, Severe hepatitis; PTLD Beaded sinusoidal In situ hybridization Supportive; PTLD: reduction 
lymphadenopathy lymphocytic infiltration in and PCR of immunosuppression, 
(infectious a single-file pattern rituximab 
mononucleosis); 
self-limited hepatitis 
CMV Mononucleosis-like Fever, neutropenia/ Mononuclear portal and Quantitative PCR Ganciclovir or valganciclovir; 
symptoms (10%) thrombocytopenia, sinusoidal infiltrate assays, reduction in 
end-organ disease histopathology, and pharmacologic 
(hepatitis, pneumonia, CMV-specific immunosuppression 
retinitis, central nervous immunostaining 
system disease); AIDS 
cholangiopathy 
HSV Oral (HSV 1) or genital Fulminant hepatitis Hepatocyte necrosis, HSV DNA detected by Acyclovir 
(HSV 2) vesicular intranuclear inclusions PCR and 
lesions detected by H&E staining histopathology 
VZV Generalized rash Hepatitis, cutaneous Hepatocyte necrosis, PCR and Acyclovir 
(chickenpox) lesions intranuclear inclusions histopathology 
detected by H&E staining 
HHV 6 and Roseola infantum Fever, hepatitis, NA PCR or shell-vial Ganciclovir, foscarnet, 
HHV 7 (HHV 6); pityriasis pneumonitis, cultures cidofovir 
rosea (HHV 7) encephalopathy, 
cytopenia 
HHV 8 Fever, Kaposi sarcoma, body Whorls of spindle-shaped Viral DNA in serum or HAART in HIV infection; 
lymphadenopathy, cavity lymphoma and cells with leukocytic tissue detected by reduction of 
rash multicentric Castleman’s infiltration and PCR immunosuppressive 
disease neovascularization with regimen after transplant 
aberrant proliferation of or switch of 
small vessels immunosuppression 
agent to an mTOR 
inhibitor (sirolimus, 
everolimus) 
Adenoviruses Pharyngitis, Hepatitis Circumscribed foci of Immunohistochemical — Cidofovir 
conjunctivitis necrosis in the hepatic staining or viral 


lobule with infiltration of 
monocytes 


culture 


AIDS, Acquired immunodeficiency syndrome; CMV, cytomegalovirus; EBV, Epstein-Barr virus; HAART, highly active antiretroviral therapy; H&E, hematoxylin and eosin; HHV, human herpesvirus; HIV 
human immunodeficiency virus; HSV, herpes simplex virus; mTOR, mammalian target of rapamycin; NA, not available; PCR, polymerase chain reaction; PTLD, posttransplant lymphoproliferative disease; 


VZV, varicella-zoster virus. 


chain reaction (PCR), which are equally sensitive. Immunohis- 
tochemical staining for EBV latent membrane proteins does not 
have a role in EBV diagnosis.” 

Because a positive EBV PCR or in situ hybridization of the 
liver tissue cannot discriminate a relevant EBV infection from 
occasionally circulating EBV-positive lymphocytes, it is important 
to interpret these results in the context of histopathologic changes, 
EBV serologic findings (immunoglobulin M [IgM] and immuno- 
globulin G [IgG] to viral capsid antigen and Epstein-Barr nuclear 
antigen) and liver enzyme level alterations. 

Treatment of EBV infection is supportive, as the infection 
self-resolves in 2 to 4 weeks. Corticosteroids and acyclovir do 
not have a clinical benefit." Liver transplantation in EBV-related 
acute liver failure is effective.’ Initial treatment of PTLD consists 


of reduction of immunosuppression,'”” followed by additional 
therapies such as anti-CD20 monoclonal antibodies (rituximab) 
if no response is observed. 


Cytomegalovirus 


Cytomegalovirus (CMV) is a ubiquitous herpesvirus that, depend- 
ing on the population studied, infects 40% to 100% of humans.” 
Primary CMV infection in immunocompetent individuals pre- 
sents most commonly as an asymptomatic illness or as a benign 
infectious mononucleosis-like syndrome in approximately 10% of 
cases. Subclinical self-limited serum aminotransferase elevation 
can be present.*' Rare cases of thrombotic complications, such as 
portal vein thrombosis and Budd-Chiari syndrome, have been 
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described.” Histologic findings are nonspecific and include 
mononuclear portal and sinusoidal infiltrates, increased hepato- 
cellular mitotic activity, and minimal hepatocellular necrosis.” 
Typical CMV nuclear inclusions and CMV antigen by immuno- 
peroxidase are rare. CMV has been described as a cause of acute 
granulomatous hepatitis in immunocompetent patients with fever 
of unknown origin.” 

When CMV infection occurs in individuals with compromised 
immunity, such as liver transplant recipients, or individuals with 
HIV infection or malignancy, it is associated with substantial 
morbidity and mortality. Infection after liver transplantation is 
an important entity, as CMV is the most common viral pathogen 
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e Fig. 38-1 Characteristic sinusoidal lymphocytic infiltration in Epstein- 
Barr virus hepatitis. A microgranuloma was present in the lobule (arrow) 
(original magnification x400). (From Suh N, et al. Epstein-Barr virus hepa- 
titis: diagnostic value of in situ hybridization, polymerase chain reaction, 
and immunohistochemistry on liver biopsy from immunocompetent 
patients. Am J Surg Pathol 2007;31:1403-1409.) 


that influences the outcome of liver transplantation. In these 
patients, CMV disease manifests as fever, neutropenia/ thrombo- 
cytopenia, and commonly end-organ disease, such as pneumo- 
nia, retinitis, central nervous system disease, or hepatitis. CMV 
infection (evidence of CMV replication regardless of symptom 
presence) and disease (evidence of CMV infection with attribut- 
able signs or symptoms) occurring after liver transplantation in 
high-risk recipients are associated with a significant increased risk 
of death and graft loss.“°’’ There is a bidirectional relationship 
between CMV infection and the risk of allograft rejection.”°”* 

CMV is an important etiologic agent of acquired immunode- 
ficiency syndrome (AIDS) cholangiopathy, along with Cryptospo- 
ridium parvum. The most common cholangiogram findings are 
distal stenosis of the extrahepatic biliary ducts combined with 
diffuse irregularity of the intrahepatic bile ducts” (Fig. 38-2). 

Diagnosis of primary CMV infection in immunocompetent 
hosts is usually made by serologic studies, either the detection of 
CMV-specific immunoglobulin (IgM) or a fourfold rise in the 
level of CMV-specific IgG. Serologic tests have no role in diagnos- 
ing CMV disease in immunocompromised patients, for which 
quantitative PCR assays and histopathology and CMV-specific 
immunostaining of tissue biopsy specimens should be used. 

Thestandard treatment of CMV disease consists of intravenously 
administered ganciclovir or orally administered valganciclovir, 
and if feasible, reduction in pharmacologic immunosuppression. 
Antiviral prophylaxis or preemptive therapy is similarly effective 
in preventing CMV disease in modest-risk CMV-seropositive liver 
transplant recipients, whereas antiviral prophylaxis is the preferred 
strategy over preemptive therapy for the prevention of CMV 
disease in high-risk recipients (CMV-seronegative recipients of 
liver allografts from CMV-seropositive donors).”’ 


Herpes Simplex Virus 


Herpes simplex virus (HSV) infections are common and manifest 
as characteristic oral (HSV 1) or genital (HSV 2) vesicular lesions, 
occasionally accompanied by fever and malaise. The virus persists 


e Fig. 38-2 Human immunodeficiency virus-related cholangiopathy. Magnetic resonance imaging (A) 
shows irregular intrahepatic ductal dilatation mainly involving the left liver lobe. Magnetic resonance chol- 
angiopancreatography acquisitions (B and C) detect multiple alternating stenosis and saccular dilatations 
of segmental portions of the intrahepatic biliary tree. A poorly visualized common hepatic duct is consistent 
with a stricture, whereas the choledochus appears minimally dilated with terminal tapering (papillary 
stenosis). (From Tonolini M, Bianco R. HIV-related/AIDS cholangiopathy: pictorial review with emphasis 
on MRCP findings and differential diagnosis. Clin Imaging 2013;37:219-226.) 
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e Fig. 38-3 Herpes simplex virus (HSV) hepatitis. A, Low-power micrograph (hematoxylin and eosin [H&E] 


stain, x40) of the needle liver biopsy specimen showing a disruption of the overall architecture with patches 
of inflammatory cells. B, Higher magnification (H&E stain, x200) reveals morphologic evidence of severe 
necrosis and hemorrhage. C, Immunohistochemistry for detection of HSV (x200) demonstrates extensive 
positive staining of necrotic hepatocytes, diffusely distributed throughout the tissue. D, Immunohistochem- 
istry for detection of HSV (x400) emphasizes high-power magnification of the positive cells with charac- 
teristic intranuclear inclusions (arrows) seen with HSV. (From Pietrucha-Dilanchian P, et al. Fatal herpes 
simplex virus type 2 hepatitis in a heart transplant recipient: a case report and review of the literature. 


Transplant Infect Dis 2013;15:E87-E96.) 


in a latent state in the ganglion neurons and can reactivate during 
episodes of immunosuppression or stress. 

Hepatic involvement is rare but can be associated with 80% 
mortality.” Unlike the smoldering course of CMV infection, 
HSV hepatitis presents as a fulminant disease that is usually fatal 
if untreated.” It occurs most commonly in immunosuppressed 
settings, such as after transplant, in malignancies, in HIV infec- 
tion, and during the neonatal period, but it has also been described 
in immunocompetent hosts.” Clinical manifestations include 
fever, abdominal pain, leukopenia, and coagulopathy. Typical 
vesicular lesions occur in 30% of cases; thus the diagnosis should 
not rely on their presence.” 

Before the institution of antiviral prophylaxis, HSV hepatitis 
after solid-organ transplant was noted within 20 days after trans- 
plant (earlier than for CMV disease) and was associated with 
disseminated infection in most of the cases.” The serum ami- 
notransferase levels can be elevated 10 to 100 times the normal 


range. In the absence of timely diagnosis and treatment, the clini- 
cal course can rapidly progress to multiorgan failure, disseminated 
intravascular coagulopathy, and death. The liver appears enlarged 
and necrotic. Microscopy reveals focal or diffuse hepatocyte 
necrosis, with characteristic intranuclear inclusions revealed by 
hematoxylin and eosin staining (Fig. 38-3). 

The diagnosis should be established rapidly by measurement 
of serum HSV DNA by PCR. Serology has a limited role, as IgM 
presence can be falsely negative early in the disease course or in 
very ill patients.” Liver biopsy should be performed early in the 
course of the disease. 

The role of liver transplantation in fulminant HSV hepatitis is 
controversial. Removal of the liver as a large HSV reservoir leads 
to significant decline of the level of viral DNA, but extrahepatic 
disease in the context of posttransplant immunosuppression can 
occur despite low or undetectable levels of HSV DNA. Mortal- 
ity after liver transplantation for HSV-related acute liver failure 
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is 55%.” It is unclear if the mortality is attributed to direct viral 
effects or indirectly to the pretransplant morbidity or underlying 
disease that predisposed the individual to the initial HSV infection. 

Fulminant liver failure secondary to HSV disease is an infec- 
tious disease emergency. Because of the potential for rapid pro- 
gression to death or the need for liver transplantation, empiric 
acyclovir therapy for patients presenting with acute liver failure of 
unknown cause is recommended until HSV hepatitis has been 
excluded. Acyclovir reduces the risk of death or need for liver 
transplantation by 86% (odds ratio 0.14; 95% confidence interval 
0.06 to 0.33).°” With the routine use of acyclovir for prophylaxis, 
the incidence of HSV infections after solid-organ transplant has 
declined significantly. Acyclovir resistance is rare but it has been 
described in immunocompromised individuals.** 


Varicella-Zoster Virus 


Primary varicella-zoster virus (VZV) infection affects approxi- 
mately one third of the U.S. population” and causes varicella 
(chickenpox), manifested as generalized rash. Persistence of virus 
in the sensory dorsal root ganglia can lead to reactivation, mani- 
fested as a painful vesicular rash in a dermatomal distribution 
(shingles). The risk of reactivation is higher in immunocompro- 
mised patients. Visceral organ involvement is rare but has been 
documented in immunocompromised patients because of HIV 
infection or immunosuppressive drugs (chemotherapy after trans- 
plant). Cutaneous lesions eventually develop but their appear- 
ance may be delayed. Liver histologic features are similar to those 
in HSV hepatitis. Diagnosis is made by serum VZV PCR. Prompt 
institution of high-dose intravenously administered acyclovir has 
improved the prognosis of patients with this disease.“ Live attenu- 
ated vaccines are licensed for prevention of varicella and zoster 
but are contraindicated in immunosuppressed individuals such as 
transplant recipients.“ 


Human Herpesviruses 


Human herpesvirus (HHV) 6 and HHV 7 are ubiquitous lym- 
photropic viruses with genetic and biologic properties similar to 
those of CMV. Their effects are mediated by immunomodula- 
tory properties and synergistic effects with other viruses. They 
are acquired during early childhood by 95% of the population.” 
Most primary infections are subclinical but the disease can mani- 
fest as fever and rash. HHV 6 causes roseola infantum. HHV 7 
has been associated with pityriasis rosea. The viruses persist in a 
latent state and reactivate during periods of immunosuppression, 
such as after organ transplant or during critical illness—related 
stress. 

Similarly to CMV, HHV 6 can cause fulminant hepatitis in 
neonates and infants as a result of mother-to-child transmis- 
sion.“ It may also account for a large number of acute liver 
failure cases of unclear cause.” Timely diagnosis and valganciclovir 
therapy can potentially avoid the need for liver transplantation.’ 
Half of the patients who received a transplant for HHV 6-related 
fulminant hepatitis showed HHV recurrence after liver transplan- 
tation, without long-term impact on graft or patient survival.” 

The incidence of infection with HHV 6 and HHV 7 after 
transplant ranges from 32% to 48% and from 46% to 57%, 
respectively.“ HHV 6 infections occur typically 2 to 4 weeks after 
transplant. The clinical manifestations can be divided into direct 
clinical manifestations, including febrile syndromes, pneumonitis, 
hepatitis, encephalopathy, and marrow suppression, and indirect 


effects resulting from the triggering of immunologic phenomena 
or transactivation of other herpesviruses such as CMV. Hepatitis 
from HHV 6 and HHV 7 has been described most commonly 
in liver transplant recipients. The liver test values are elevated in 
a mixed pattern.” HHV 6 may also be associated with liver 
allograft rejection” and increased mortality.” HHV 6 has been 
associated with reactivation of HHV 7, CMV,” and invasive 
fungal infections.” 

Diagnosis is best established by PCR techniques or shell-vial 
cultures. Serologic tests are of limited value because of high sero- 
prevalence in the general population, cross-reactivity, and dimin- 
ished serologic reactivity in immunosuppressed individuals.” 
Treatment includes active antiviral agents as in CMV infection, 
such as ganciclovir, foscarnet, and cidofovir. 

HHV 8 (Kaposi sarcoma—associated herpesvirus) is part of the 
human gamma herpesviruses, which include EBV, similarly to 
which it plays an important role in cellular proliferation and the 
development of malignancies. HHV 8 is the etiologic agent of 
Kaposi sarcoma, body cavity lymphoma, and multicentric Castle- 
man disease. The exact mode of transmission of HHV 8 remains 
unclear. Potential modes of transmission include saliva, sexual 
transmission, blood transfusions, and solid organ transplant. The 
prevalence of HHV 8 infection in the United States is unclear but 
recent studies estimate a rate of 30% in blood donors” and up to 
56% in HIV-seropositive subjects. Kaposi sarcoma is classically 
associated with AIDS, as it is 300 times more common in AIDS 
patients than in other immunosuppressed hosts. However, it is 
increasingly recognized as a complication of solid organ transplant 
(incidence of 0.4% in the United States),°' with the highest rates 
in liver transplant recipients. Kaposi sarcoma represents 5.7% of 
malignancies after transplant.” 

Hepatic involvement is not common with primary infec- 
tion, which typically manifests as a mild febrile illness, lymph- 
adenopathy, and rash. However, liver nodules can be part of the 
multiorgan involvement of Kaposi sarcoma, or rarely the first 
manifestation of the disease.“* The manifestations include charac- 
teristic dark-red nodules present on the skin and visceral organs. 
Whorls of spindle-shaped cells with leukocytic infiltration and 
neovascularization with aberrant proliferation of small vessels are 
characteristic microscopic findings” (Fig. 38-4). 

Castleman disease is a rare lymphoproliferative disorder, which 
manifests as fever, splenomegaly, hepatomegaly, and massive lymph- 
adenopathy. Primary effusion lymphoma (body cavity lymphoma) 
is a specific subtype of B-cell lymphoma related to HHV 8, and 
involves the peritoneal, pleural, and pericardial spaces. 

Diagnosis is based on identification of viral DNA in serum 
or tissue by PCR. In the setting of HIV infection, treatment of 
HHV 8-telated disease consists of immune function restoration 
with highly active antiretroviral therapy (HAART). In transplant 
recipients with positive HHV 8 serologic findings or receiving 
an organ from a donor with positive HHV8 serologic findings, 
the monitoring of HHV 8 DNA after transplant is strongly rec- 
ommended.“ Management of Kaposi sarcoma in these patients 
consists of reduction of the immunosuppressive regimen or a 
switch of the immunosuppression agent to an inhibitor of mam- 
malian target of rapamycin such as sirolimus or everolimus.” 
Ganciclovir, foscarnet, and cidofovir are effective in vitro but 
clinical studies showing benefit of targeted antiviral therapy are 
limited to valganciclovir.” For patients with visceral of Kaposi 
sarcoma or lymphoma, chemotherapy agents such as doxorubicin, 
daunorubicin, paclitaxel, or rituximab have been used with some 


success.°°"! 
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e Fig. 38-4 Human herpesvirus 8 (HHV 8)-associated manifestations. A, Cutaneous Kaposi sarcoma 
developing in a surgical scar 4 weeks after liver transplantation. B, Detection of HHV 8 latency-associated 
nuclear antigen 1 in a skin section from the patient in A. C, Endoscopic retrograde cholangiopancrea- 
tography demonstrates compressed and partially blocked biliary ducts as a result of multifocal hepatic 
tumor infiltration (same patient as in A). D, Liver histology illustrating typical Kaposi sarcoma with abundant 
spindle cells and dilated vascular spaces (same patient as in A). E, High-power field of hepatic Kaposi 
sarcoma. F, Multicentric Castleman disease in a perihepatic lymph node. Histology shows many atypical 
follicle-like structures and abnormal vessels. G, Plasma cell-like lymphoma cells in a human immunode- 
ficiency virus-infected patient with HHV 8-associated body cavity lymphoma. 


Adenoviruses 


Adenoviruses are common etiologic agents of febrile disease in 
childhood. The most common form of presentation is acute upper 
respiratory tract infection, with pharyngitis and conjunctivitis, 
but pneumonia and enteritis have been described. Adenoviral 
hepatitis is rare but can present in immunocompromised hosts, 


particularly in pediatric liver transplant recipients. Approximately 
2.5% of pediatric liver transplant recipients develop adenoviral 
hepatitis, which is the second most common infection, after CMV 
infection.” Of more than 50 serotypes, serotype 5 is most com- 
monly associated with hepatitis. Transmission via the liver allograft 
seems to be more common that viral reactivation. Histologic 
features include circumscribed foci of necrosis in the hepatic 
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A, Computed tomography scan illustrating extensive focal necroses in the liver (arrow). B, Necrosis and 
enlarged hepatocytes with adenoviral inclusions. C, Immunohistochemistry demonstrates the presence 
of abundant adenoviral antigens. D, Intracellular adenoviral virions seen on electron microscopy. 


lobule with infiltration of monocytes (Fig. 38-5). The case-fatality 
rate is as high as 50%, due to massive liver necrosis. Diagnosis is 
confirmed by immunohistochemical staining or viral culture. The 
most effective direct antiviral is cidofovir but treatment is limited 
by significant nephrotoxicity.” 


Systemic Viral Infections (Table 38-2) 


Human Immunodeficiency Virus 


Liver test abnormalities in HIV-infected patients are common and 
can be explained by multiple factors, such as coinfection with 
hepatotropic viruses (hepatitis B and C), CMV, EBV, opportunis- 
tic infections, alcohol abuse, and exposure to hepatotoxic drugs, 
including HAART. Primary HIV infection rarely manifests as 
self-limited hepatitis, including abdominal pain, hepatomegaly, 
and elevated levels of serum aminotransferase levels.“ Severe 
hepatitis has been more commonly described in children.” HIV 
has been detected in the liver, in the hepatocytes and Kupffer 
cells.” During accelerated viral replication in the context of a low 
CD4 count, the levels of serum aminotransferases can be highly 
elevated (>5 times the upper limit of normal) without any other 
apparent cause.” Liver histologic findings are nonspecific but 
steatohepatitis with a mononuclear/lymphocytic infiltrate is a 


common characteristic. Immune restoration with HAART and 
a decrease in HIV load results in normalization of liver test 
findings. 

AIDS cholangiopathy is a rare condition characterized by 
abnormalities of the bile ducts in patients with advanced AIDS 
and low CD4 count. The hallmark of the disease is the cholan- 
giographic abnormalities, which include papillary stenosis, scle- 
rosing cholangitis, and rarely, biliary strictures, along with a 
cholestatic serologic pattern.” Opportunistic infections with 
Cryptosporidium parvum, Microsporidium, and CMV are the most 
common causes but do not account for all causes. Antimicrobial 
treatment targeted at these agents does not resolve the symptoms 
and anatomic abnormalities. Endoscopic treatment with ampul- 
lary sphincterotomy and balloon dilation of the biliary strictures, 
along with HAART, are the main therapies. 


Influenza 


Gastrointestinal symptoms are common during influenza but 
are usually mild and self-limited and do not prompt further 
evaluation. Thus the prevalence of liver test abnormalities is not 
known. During the Southeast Asian outbreak of the avian influ- 
enza A H5N1 infection, altered liver function test findings that 
resolved after viral clearance were noted in 60% of patients with 
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TABLE 
38-2 


Summary of Liver Diseases Caused by Systemic Viral Infections 


HIV Self-limited hepatitis in primary infection; 
severe elevation in serum 


Nonspecific: steatohepatitis with a 
mononuclear/lymphocytic infiltrate 


HAART; ampullary sphincterotomy and 
biliary duct dilation in AIDS 


aminotransferases during high viral cholangiopathy 
replication; AIDS cholangiopathy 

Influenza virus Abnormal liver test findings Hepatic central lobular necrosis Supportive 

SARS coronavirus Transaminitis Marked mitotic activity, moderate lymphocytic Supportive 


infiltrates and hepatocyte apoptosis 


Parvovirus B19 Range from mild hepatitis to fulminant 


hepatic failure with aplastic anemia 


Parvovirus B19 IgM in immunocompetent 
subjects; PCR in immunocompromised host 


IVIG in chronic infection or reactivation; 
liver and bone marrow transplant 


Measles virus Self-resolving hepatitis; jaundice; chronic 


autoimmune hepatitis 


Measles IgM; PCR in blood or secretions 


Supportive. Vitamin A in children 


AIDS, Acquired immunodeficiency syndrome; HAART, highly active antiretroviral therapy; HIV, human immunodeficiency virus; /gM, immunoglobulin M; /VIG, intravenous immunoglobulin; SARS, severe 


acute respiratory syndrome. 


pneumonia.” There is evidence that influenza virus can trigger 
T cell-mediated hepatitis in the absence of viral antigens in the 
liver." Liver histologic findings are therefore nonspecific. Exten- 
sive hepatic central lobular necrosis was among the autopsy find- 
ings in fatal cases of H5N1 outbreaks.** 


Severe Acute Respiratory Syndrome Coronavirus 


Severe acute respiratory syndrome (SARS) coronavirus was the 
etiologic agent of a severe respiratory disease outbreak in the Far 
East and Canada in 2003. The disease had a case-fatality rate of 
9% to 12%. Laboratory abnormalities include elevated lactate 
dehydrogenase level (70%), lymphopenia (50% to 70%), throm- 
bocytopenia (50%), and hypocalcemia (60%). Mild elevation of 
serum aminotransferase levels was found in almost 30% of patients 
on initial presentation and in 76% of patients during the subse- 
quent clinical course and ribavirin treatment.” Fulminant hepatic 
failure has not been described. In patients with moderate to 
marked liver test elevation, liver biopsy findings include marked 
mitotic activity, moderate lymphocytic infiltrates, and hepatocyte 
apoptosis.” SARS coronavirus was detected in the liver tissue by 
reverse transcription PCR (RI-PCR), but not by electron 
microscopy; thus it is unclear if direct viral toxicity explains the 
hepatic abnormalities. No effective therapeutic strategies for 
SARS have been developed. Antiviral agents such as ribavirin and 
lopinavir/ritonavir were used because of their broad spectrum of 
activity against RNA viruses and HIV respectively, but their clini- 
cal efficacy has not been proven. 


Parvovirus B19 


Parvovirus B19 affects approximately 50% of the population. 
Manifestations are mild and include fever, myalgias, arthralgias, 
and rash (erythema infectiosum). Severe complications include 
aplastic anemia and arthropathy. Hepatic manifestations of par- 
vovirus B19 infection range from liver chemistry abnormalities 
to fulminant hepatic failure with aplastic anemia, requiring liver 
and bone marrow transplant.” ® Infection during pregnancy can 
lead to abortion due to hydrops fetalis, which is associated with 
severe hepatitis.” In immunocompromised hosts (posttransplant, 


AIDS, congenital immunodeficiency) chronic infection has been 
described. This lacks typical immune-mediated symptoms such 
as rash and arthralgias, and manifests as refractory anemia and 
organ damage (hepatitis, pneumonitis, myocarditis).”” Serologic 
diagnosis with parvovirus B19 IgM can be negative in 29% of 
cases because of failure to mount antibodies. Diagnosis relies on 
PCR assays, and intravenous immunoglobulin is the most com- 
monly used treatment modality.” 


Measles (Rubeola) Virus 


Measles is a human virus of the genus Morbillivirus in the family 
Paramyxoviridae. Measles is a highly contagious infection acquired 
during childhood, which manifests as a characteristic rash. The 
symptoms are usually mild but pneumonia and encephalitis can 
complicate the disease course. Transient liver enzyme level eleva- 
tions are common.” The hepatic manifestations are present in 
80% of adults with measles, and it may manifest as jaundice.” 
The liver test values return to normal within 2 weeks to 3 weeks. 
Histologic changes show necrotic hepatocytes and portal inflam- 
mation, attributed to direct viral toxicity.” Persistent measles virus 
genome has been implicated in the pathogenesis of chronic 
autoimmune hepatitis.” Diagnosis is most commonly based on 
the serologic finding of anti-measles IgM, which is detectable 
between 3 days and 30 days from rash onset. Viral RNA can be 
detected by PCR in blood, respiratory secretions, or urine for 
3 days after the rash has appeared. Measles vaccination usually 
leads to long-term immunity. The vaccine is live attenuated and 
thus is contraindicated in pregnant or immunocompromised 
hosts. Immunocompromised patients exposed to measles should 
receive postexposure prophylaxis with intravenous immunoglobu- 
lin (400 mg/kg) regardless of the immunologic or vaccination 
status. Treatment is supportive and in children should include 
administration of vitamin A.” 


Rubella 


Rubella virus belongs to the family Togaviridae. Rubella is a mild 
infection that manifests as a generalized rash, and rarely compli- 
cated by otitis media, encephalitis, or arthritis. Rubella is not 
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known to cause hepatic dysfunction, with the exception of one 
case of neonatal giant-cell hepatitis described in 1966.” 


Enteroviruses 


Enteroviruses, members of the family Picornaviridae, are transmit- 
ted via a fecal-oral route in the summer and autumn months. 
Members include polioviruses, Coxsackie A virus, Coxsackie B 
virus, echoviruses, and the numbered enteroviruses. Echovirus 9 
and echovirus 18 have been associated with fulminant hepatitis 
in immunocompromised adults.”°”’ Liver histology reveals lym- 
phocytic inflammatory infiltrates of the portal tracts and bal- 
looned hepatocytes. Hepatitis secondary to Coxsackie B virus 


TABLE 
38-3 


infection has been described as part of a multisystemic disease.” 
Diagnosis includes serology and RNA detection by PCR. Treat- 
ment is supportive, and effective vaccination is not yet available. 


Viral Hemorrhagic Fevers (Table 38-3) 


Dengue Fever 


Dengue fever is the most prevalent mosquito-borne viral infec- 
tion. Dengue virus belongs to the family Flaviviridae and consists 
of four serotypes. Aedes aegypti mosquitoes are the transmission 
vectors in the endemic areas of Asia, Africa, Central America, 
and South America (Fig. 38-6). More than 390 million infections 


Summary of Liver Diseases in Viral Hemorrhagic Fevers 


Dengue virus Aedes aegypti No Mild elevation of aminotransferase Low (up to 50% No No 

mosquitoes levels; rarely hemorrhagic liver in DSS) 

damage 
Yellow fever virus Aedes mosquitoes No Jaundice Up to 50% in No Yes (live 
rare cases attenuated) 

Lassa virus Mastomys natalensis Rare (aerosols) Mild-to-severe elevation of 1% Yes No 

rodent aminotranferases 
Ebola virus Bats Yes Mild-to-severe elevation of Up to 72% No No 


aminotransferases 


DSS, Dengue shock syndrome. 


Low 
High 


Nonendemic RL æ 


e Fig. 38-6 Distribution of global dengue fever risk. 


CHAPTER 38 Liver Disease Associated With Systemic Viral Infection 


are estimated to occur each year worldwide, of which 96 million 
are clinically evident.” Dengue fever is increasingly recognized 
as a frequent cause of hospitalization in travelers to endemic 
areas, second after malaria,” with approximately 3.4 to 5 cases 
per 1000 travelers, although the incidence is thought to be 
underestimated. '”! 

Most infections are asymptomatic. When present, the clinical 
features of dengue fever vary and can be classified into five pre- 
sentations: (1) nonspecific febrile illness, (2) classic dengue fever, 
(3) dengue hemorrhagic fever (DHF), (4) DHF with dengue 
shock syndrome (DSS), and (5) other unusual syndromes such as 
encephalopathy and acute liver failure. Onset of symptoms is 
typically 3 to 6 days after the mosquito bite. The incubation 
period lasts no longer than 14 days. 

Classic dengue fever manifests as fever, rash, severe headache, 
joint and muscle pain (“break-bone fever”), and fatigue.” The 
infection self-resolves with supportive care in 5 to 7 days but the 
convalescent fatigue can last a few weeks. In a minority of cases 
(up to 3% in travelers) severe disease, such as DHF and DSS, can 
occur. The widespread hemorrhagic disease is likely due to a 
second infection with a different dengue virus type, leading to a 
heightened immune amnestic response. Petechial hemorrhages 
and multiorgan damage, including liver damage, is associated with 
high morbidity. Intensive supportive care is recommended, espe- 
cially in DSS, where massive capillary leak and hypovolemic shock 
can lead to death in up to 50% of cases. 

The hepatic manifestations vary with the clinical severity of 
dengue fever. In classic dengue fever, mild hepatomegaly and 
elevated levels of liver enzymes (mainly aspartate aminotransferase 
[AST]) can occur in most patients'””’ and are is attributed to direct 
viral damage. Dengue virus antigens can be isolated in hepato- 
cytes, Kupffer cells, and sinusoidal endothelial cells. In DHF and 
DSS, tender hepatomegaly has been reported in up to 40% of 
patients. Direct viral damage of hepatocytes and Kupffer cells 
leads to multifocal hemorrhage. Pathologic evaluation at autopsy 
shows hepatocellular necrosis with no or minimal inflammation. 
Liver biopsy should be avoided because of the increased risk of 
bleeding. 

A confirmed diagnosis is established by culture of the virus, 
PCR tests, or serologic assays. However, there are significant 
limitations in sensitivity and availability at the time of presenta- 
tion. Therefore the diagnosis is made by clinical symptoms and 
characteristic laboratory features (travel history, fever characteris- 
tics, positive tourniquet sign, low platelet counts, and increased 
aminotransferase levels). Early recognition and aggressive sup- 
portive management is the mainstay of care because vaccination 
against dengue virus is not available. 


Yellow Fever 


Yellow fever is a mosquito-borne viral hemorrhagic fever with a 
high case-fatality rate. Unvaccinated travelers to tropical regions 
of sub-Saharan Africa and South America are at risk of infection 
(1 in 1000) and death from yellow fever (1 in 5000). In 2013 
there were approximately 130,000 infections in Africa, including 
78,000 deaths.” 

Yellow fever is the prototype member of the family Flaviviridae. 
The primary transmission cycle involves monkeys and daytime 
biting mosquitoes (Aedes species in Africa, Haemagogus species in 
South America). The classic illness is characterized by three stages: 
infection (3 to 4 days), remission (2 days), and intoxication. 
Hepatic involvement is apparent at all stages, in varying degrees 


of severity. The infection phase manifests as fever and nonspecific 
flulike symptoms. Tender hepatomegaly may be present. Serum 
transaminase levels start to rise 48 hours and 72 hours after the 
onset of illness, before the appearance of jaundice. The degree of 
liver enzyme abnormalities at this stage may predict the severity of 
subsequent hepatic dysfunction.” Most patients enter the remis- 
sion phase and recover within 2 days. However 15% of patients 
enter the intoxication phase, characterized by recurrent fever, 
hemorrhagic diathesis, and multiorgan dysfunction. This stage 
has a mortality rate of 20% to 50%. Hepatic injury is reflected 
by the level of aminotransferase elevation, as high as 2000 U/L 
to 3000 U/L.'° The levels are proportional to disease severity. 
Alkaline phosphatase levels are normal or only slightly elevated, 
whereas direct bilirubin levels are typically between 5 mg/dL 
and 10 mg/dL, with higher levels in fatal cases.” Hepatocyte 
apoptosis is a result of direct viral damage to the midzone of 
the liver lobule, with sparing of cells bordering the central vein 
and portal tracts'”* (Fig. 38-7). Autopsy reveals midzonal hepato- 
cyte necrosis with mild nonspecific lymphocytic infiltration and 
eosinophilic degeneration (Councilman bodies).'”” In the nonfatal 
cases healing is complete, without residual hepatic abnormalities, 
although jaundice and liver enzyme elevations can take weeks or 
months to resolve. The diagnosis is confirmed by the presence 
of IgM (determined using enzyme-linked immunosorbent assay, 
or ELISA) or virus (determined using PCR or culture) in the 
blood. Organ biopsy is not recommended because of the high 
hemorrhagic risk. 

Treatment is supportive. Ribavirin has in vitro activity against 
yellow fever virus but at concentrations that exceed clinical 
safety. °? A highly effective live attenuated vaccine with nearly 
100% seroconversion rates has been available since 1936 and 
should be offered to travelers to and natives of endemic areas.'"! 
As with all live vaccines, it is contraindicated in pregnant women 
and immunocompromised individuals. Serious adverse reactions 
to the vaccine include two syndromes, yellow fever vaccine— 
associated neurotropic disease (incidence 0.8 per 100,000) and 
yellow fever vaccine-associated viscerotropic disease (incidence 
0.4 per 100,000).""* 


Lassa Fever 


Lassa virus (family Arenaviridae) is responsible for up to 300,000 
annual infections in West Africa.''? The infection occurs through 
contact with body fluids of infected multimammate mice (Mas- 
tomys natalensis), via the oral route, or via aerosols.''* Most infec- 
tions are mild or asymptomatic. Clinically overt disease manifests 
in 5% to 10% of cases, and is associated with a 1% mortality 
rate.''” After an incubation period of 7 to 21 days, flulike symp- 
toms associated with nausea, vomiting, and diarrhea develop. 
Further symptoms associated with increased vascular permeability 
are central to Lassa fever: pleural and pericardial effusions, facial 
edema, bleeding from mucosal surfaces.''® Recovery begins after 
8 to 10 days, but in 20% of cases the infection can progress to 
pulmonary edema, encephalopathy, and shock. 

The liver damage can differ significantly in Lassa fever, and it 
is generally a key feature in the cases with a fatal outcome. ''” Lassa 
hepatitis is a result of direct viral damage of hepatocytes and 
manifests as elevated levels of serum aminotransferases, and not 
commonly as jaundice or coagulopathy. The histologic findings 
are characteristic of three phases: focal hepatocyte necrosis (<20%) 
with cytoplasmic degeneration, followed by a peak of necrosis 
of 20% to 50% of hepatocytes with phagocytic infiltration, then 
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e Fig. 38-7 Histopathology of hepatic injury in yellow fever. A, Immunohistochemistry showing the stan- 
dard of marking for the viral antigen in hepatocytes of the lobules (x200). B and C, Hematoxylin and eosin 
staining showing the diverse morphologic standards of the Councilman bodies in the hepatic lobules 
(x400). D, Immunohistochemistry for apoptosis (ApopTag) showing the standard of marking of the hepa- 
tocytes (x400). (From Quaresma J, et al. Reconsideration of histopathology and ultrastructural aspects 
of the human liver in yellow fever. Acta Trop 2005;94:1 16-127.) 


a recovery phase with less than 10% necrotic hepatocytes and 
hepatocellular mitoses, suggestive of liver regeneration." 

Laboratory diagnosis of Lassa fever relies on detection of viral 
antigen or genetic material, or virus-specific antibodies by methods 
including indirect fluorescent antibody tests, enzyme-linked 
immunosorbent assays, and conventional and real-time RT-PCR. 
The challenges of accurate and timely diagnosis revolve around 
the nonspecific presentation, genetic diversity of virus strains, and 
lack of a commercially available diagnostic test.''*’”” 

Treatment of mild infection is supportive. Intravenously or 
orally administered ribavirin is effective in patients with high 
mortality risk (AST level >150 IU/L and high-level viremia), with 
greater efficacy if it is administered early in the course of the 
disease.'*° There is no effective vaccine for Lassa virus. 


Ebola Virus Disease 


Ebola virus is a single-stranded RNA virus that is a member of 
the family Filoviridae, along with Marburg virus. The two genera 


are among the most virulent human pathogens. Previous out- 
breaks have been described in Central Africa, until the 2014-2015 
Ebola epidemic (caused by the Zaire species of the virus), which 
was the first to occur in West Africa, and were larger than all 
previous outbreaks combined.'*''”* As of June 2015, 27,479 cases 
were attributed to Ebola virus, including 11,222 deaths.” 

The natural reservoir of the virus is not clearly defined but bats 
seem to be at least one of the hosts. The virus is transmitted by 
direct contact with body fluid from an infected animal or blood, 
body fluids, or skin of patients with Ebola virus disease. Ebola 
virus may be transmitted though contact with contaminated sur- 
faces and objects. Healthcare workers may be at risk of Ebola virus 
disease if they are exposed to aerosols generated during medical 
procedures, although no human cases of aerosol transmission have 
been reported.'” 

Symptoms occur after an incubation period of 6 to 12 days 
and include fever, vomiting, and diarrhea, followed by a diffuse 
maculopapular rash in selected cases. Although the infection was 
previously categorized as a hemorrhagic fever, in the recent West 
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Africa epidemic unexplained hemorrhage was noted in only 20% 
of cases. Hypotension, shock, and death were mostly the results 
of major fluid losses from gastrointestinal sources. Liver disease is 
a result of multifocal hepatic necrosis caused by the virus. Ami- 
notransferase elevations (AST higher than ALT, suggestive of con- 
comitant rhabdomyolysis) and mild elevation in alkaline 
phosphatase level but not in bilirubin level are a characteristic 
pattern for Ebola virus disease.'” 

Most acute infections are diagnosed by viral RNA detection 
through the use of RT-PCR. The virus can be detected within 3 
days after the onset of symptoms.'”° A heightened level of suspi- 
cion and risk stratification is crucial for timely diagnosis and 
management of Ebola virus disease. The treatment is supportive, 
as there are no approved medications for the treatment of Ebola 
virus disease and there is no approved postexposure prophylaxis 
or vaccination.” 


Conclusion 


Liver disease can be associated with opportunistic viral infections, 
ubiquitous systemic viral infections, or viral hemorrhagic fevers. 
In most viral infections, liver inflammation is generally a conse- 
quence of the immune response to viral antigens rather than a 
direct hepatic infection. In healthy individuals, systemic viral 
infections typically manifest as mild derangement of liver bio- 
chemistry. When infection occurs in individuals with compro- 
mised immunity, such as liver transplant recipients, and individuals 
with HIV infection or malignancy, it can be associated with sub- 
stantial mortality and morbidity, including acute liver failure. 
Treatment of severe hepatitis includes use of direct antiviral agents 
in select infections, reduction in immunosuppression if applica- 
ble, or liver transplantation. Viral hemorrhagic fevers affect indi- 
viduals irrespective of their immune status and cause liver damage 
via a direct viral hepatotropic effect. 


SUMMARY 


Recent Progress 

Since 2014, when the largest outbreak of Ebola virus disease in history 
developed in West Africa, multiple organizations, including the Centers for 
Disease Control and Prevention, the World Health Organization, and 
government agencies, have coordinated extensive efforts to control 
widespread transmission of the virus. The outbreak has been halted 
because of significant progress toward screening, development of rapid 
diagnostic tools, and guidance regarding travel, isolation, and effective 
decontamination to prevent human-to-human transmission. A candidate 
Ebola vaccine was launched in April 2015 in Sierra Leone, and is currently 
in phase III trials. '* 


Future Directions 

Continued efforts toward robust surveillance systems, diagnostic 
strategies, and international infrastructures prepared to respond to existing 
or future health threats similar to Ebola virus disease should be 
undertaken. As the indirect consequences of the recent epidemic are still 
to manifest themselves, epidemiologic, genomic, and clinical data should 
continue to be collected and analyzed. Likewise, research into the 
development of vaccines and effective treatment agents against other 
viruses associated with high motality and morbidity (dengue fever virus, 
Lassa fever virus, yellow fever virus) should continue to be prioritized. 
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ABBREVIATIONS 


ALA amebic liver abscess 

CAA circulating anodic antigen 

CCA circulating cathodic antigen 

CIE counterimmunoelectrophoresis 

EDHS Egypt Demographic and Health Survey 
ELISA enzyme-linked immunosorbent assay 
ERCP endoscopic retrograde cholangiopancreatography 
GASP gut-associated schistosome proteoglycan 
HCV hepatitis C virus 

HIV human immunodeficiency virus 

IFA indirect immunofluorescence assay 

IHA indirect hemagglutination 

PAIR puncture, aspiration, injection, reaspiration 
PCR polymerase chain reaction 

PPF periportal fibrosis 

PZQ praziquantel 

Ty1 T helper 1 cell 

T42 T helper 2 cell 

WHO World Health Organization 


Introduction 


Parasitic diseases continue to be a major cause of morbidity and 
mortality, with more than 3 billion people infected worldwide, 
especially in the developing world, where improved measures to 
prevent infection require considerable investments in the public 
health infrastructure. | 

Liver parasites span a wide range of complexity, and differ- 
ent species mature and reproduce within hepatocytes, reticulo- 
endothelial cells, the portal venous system, and the bile ducts. 
Successful well-adapted parasites can accommodate the immune 
responses of normal hosts and cause minimal acute injury as 
they generate enormous numbers of progeny with the potential 
to infect other hosts, whereas hosts with abnormal or compro- 
mised responses are at risk for severe disease manifestations.” 
Long-lived parasites such as helminths are more remarkable for 
their ability to down-regulate host immunity to protect them 
from elimination and minimize severe pathology in the host.’ 
Helminths that infect the liver and hepatobiliary system include 
nematodes (roundworms), cestodes (tapeworms), and trema- 
todes (flatworms or flukes).* The infection is often chronic and 
can cause insidious or frank disease that leads to considerable 
morbidity; however, the risk for mortality is low. The majority 
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of morbidity and mortality from these infestations is caused by 
the host immune response to the larvae or adult worm. They 
establish numerous strategies and diverse molecular mechanisms 
for evading host immunity that can promote persistence and 
facilitate their establishment, growth, and reproduction, in addi- 
tion to chronicity factors that favor completion of the life cycle 
inside an immunologically hostile environment and transmission 
of parasites. The generation of protective immunity to helminth 
parasites is critically dependent on the development of a CD4* 
T helper type 2 (Ty2) cytokine response (Fig. 39-1).° Helminth 
products appear to be inherently adjuvantized in that they can 
promote strong T2 responses to themselves and to bystander 
antigens in the absence of any additional adjuvant. Dendritic 
cells, the primary interface between infection and induction of 
adaptive immune responses, play a central role in the modulation 
of helper T cells with the initiation of Ty2 responses through the 
production of cytokines and expression of certain surface mole- 
cules.’ Furthermore, host-parasite interactions specifically involve 
interactions between helminth excretory/secretory products and 
host toll-like receptors and lectins, and the putative functions of 
helminth proteases in activating and recruiting innate immune 
cells. The development of adaptive antiparasitic T42 cytokine 
responses may prevent strong immune responses against parasitic 
worms, thereby allowing their long-term survival and restricting 
pathology.” Interestingly, both parasitic infections and cancer have 
complex natural histories and long latent periods during which 
numerous exogenous and endogenous factors interact to conceal 
causality. Although only urinary bladder carcinoma and cholan- 
giocarcinoma have been definitely known to develop as a result 
of Schistosoma haematobium and the hepatobiliary parasites (Clo- 
norchis sinensis, Opisthorchis viverrini, and Opisthorchis felineus), 
respectively, other parasites have been implicated in facilitating 
malignant transformation through chronic inflammation, modu- 
lation of the host immune system, disruption of proliferation- 
antiproliferation pathways, induction of genomic instability, and 
stimulation of malignant stem cell progeny.’ Liver parasites can 
either affect the liver parenchyma itself, such as schistosomiasis, 
hydatid liver disease, or amebiasis, or have a hepatobiliary effect 
and affect both the liver and the biliary system, such as fascioliasis, 
clonorchiasis, and opisthorchiasis. 

Stool studies, radiologic imaging, and serologic testing are the 
mainstays in diagnosis. However, having a high index of suspicion 
is a critical step in the diagnosis and management of patients with 
hepatic helminthiasis. Researchers and clinicians alike are moving 
forward with chemoprophylactic and vaccine preventive strategies 
in an effort to decrease the morbidity and mortality caused by 
helminthic infestation worldwide.” 
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e Fig. 39-1 Orchestration of CD4* T„2 cell differentiation after innate 
immune cell recognition and response to helminth-derived products. 
DCs, Dendritic cells; ES, excretory/secretory; /L-25, interleukin-25; Macs, 


macrophages; PERK, protein extracellular signal-regulated kinase; TLR, 
toll-like receptors; TSLR thymic stromal lymphopoietin. 


WEJ Schistosoma Species and Their 
Geographic Distribution 


S. guineensis Bulinus forskalii West Africa 

S. intercalatum Bulinus spp. Africa 

S. haematobium Bulinus spp. Africa, Middle East 

S. japonicum Oncomelania spp. China, East Asia, 
Philippines 

S. malayensis Not known South East Asia 

S. mansoni Biomphalaria spp. Africa, South America, 
Middle East 

S. mekongi Neotricula aperta South East Asia 

Schistosomiasis 


Schistosomiasis is a multifactorial disease caused by the trematode 
Schistosoma that involves environmental, behavioral, parasitic, 
vector, and host factors. It continues to be a significant cause of 
morbidity and mortality worldwide’’ and the second leading para- 
sitic disease after malaria. There are seven schistosomal species 
with different geographic distribution (Table 39-1).'' Approxi- 
mately 230 to 300 million people are affected by schistosomiasis 
in 74 countries worldwide, with a high concentration in Asia, 
Africa, and South America'*"’; annual deaths are reported to total 
280,000.'* The Nile River has been an epicenter for schistosomia- 
sis since ancient Egypt. In 1980, an estimated 10% of the 200 
million persons infected with Schistosoma were Egyptians.” Two 
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e Fig. 39-2 Schistosomiasis: cicatricial granulomas with lamellar walls 
and a perifocal lymphohistiocytic inflammatory rim (hematoxylin-eosin 
stain). 


species of Schistosoma—sS. haematobium, which primarily causes 
disease in the urinary tract, and S. mansoni, which principally 
causes morbidity in the gut and liver—are endemic in Egypt. 
Since the 1960s, S. mansoni increased in prevalence in the Nile 
Delta whereas S. hematobium shifted its prevalence to be higher 
in Upper Egypt. This was mostly related to change in water kinet- 
ics after the construction of the Egyptian Aswan High Dam. This 
was not accompanied with change in overall prevalence of 
schistosomiasis. "° 

Infection takes place when the free-swimming larval forms of 
the parasite, known as cercariae, are shed into fresh water by the 
snail intermediate host and enter the body by penetration of the 
skin. Larvae migrate to the portal venous system; sexual reproduc- 
tion occurs in the portal vein, where adult worms reside and eggs 
are laid. Eggs pass from blood vessels into tissues, including intes- 
tinal or bladder mucosa, from which they are shed in feces or 
urine.” Hepatic schistosomiasis results from the host’s granulo- 
matous cell-mediated immune response to the soluble egg antigen 
of S. mansoni, which eventually progresses to irreversible fibrosis 
and, consequently, severe portal hypertension. Eggs remain 
viable in the liver for approximately 3 weeks. The eggs cause a 
primarily Tul immune response with later recruitment of eosino- 
phils and granuloma formation.” Granuloma formation (Fig. 
39-2) is a helper T cell-mediated delayed hypersensitivity reaction 
driven by Ty2 cytokines such as interleukin-4 (IL-4) and IL-13, 
whereas IL-10, interferon-y, and a subset of regulatory T cells can 
limit the schistosome-induced pathology. In addition, a variety of 
cell types have also been implicated, including hepatic stellate 
cells, activated macrophages, and regulatory T cells.” The balance 
between Tyl- and T,,2-type cytokines influences the extent of the 
pathology and the development of fibrosis.”” Eggs are detectable 
inside the granulomas with the subsequent formation of marked 
portal and perilobular fibrosis, which is most pronounced with S. 
mansoni and S. japonicum. The final result of hepatic schistoso- 
miasis with a heavy S. mansoni burden is severe portal fibrosis and 
greatly enlarged fibrotic portal tracts, which resemble clay pipe- 
stems thrust through the liver (termed Symmers pipestem fibrosis).”! 
Interestingly, normal liver architecture is preserved, lobular archi- 
tecture is retained, nodular regenerative hyperplasia is not 
observed, and thus the fibrosis could be reversible, at least in part. 
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Coinfection with viral hepatitis, either hepatitis B virus (HBV) 
or hepatitis C virus (HCV), is very common because the regions 
with a high prevalence of schistosomiasis usually have a high 
endemicity of chronic viral hepatitis as well. In schistosomiasis 
populations, HCV infection rates range from 1% in Ethiopia up 
to 50% in Egypt.” Egypt is endemic for both S. mansoni and S. 
haematobium, with community prevalence often ranging between 
15% and 45%,” in addition to having the highest worldwide 
prevalence of HCV, with an estimated 8 to 10 million in a popula- 
tion of 68 million exposed to the virus and 5 to 7 million with 
active infection. An important cause of the high exposure to HCV 
was the establishment of a large reservoir of infection as a result 
of extensive schistosomiasis control programs that used intrave- 
nously administered tartar emetic 20 to 50 years ago.” In 2008, 
the Egypt Demographic and Health Survey (EDHS) conducted 
on behalf of the Ministry of Health revealed that an overall 15% 
of EDHS respondents had HCV antibodies in their blood, thus 
indicating that they had been exposed to the virus at some point, 
whereas 10% were found to have an active infection with higher 
levels of infection in older cohorts because of their exposure to the 
schistosomiasis treatment programs during the 1960s to 1980s.” 
The association between both schistosomiasis and HCV is known 
to cause earlier liver deterioration and more severe illness. The 
liver is the principal site for both HCV replication and egg depo- 
sition, which down-regulates the local immune responses in the 
liver’ and results in suppression of the intrahepatic bystander 
immune response to HCV. This may also occur during inactive 
schistosomal infection, as the ova remain in the hepatic portal 
tracts and their soluble antigens could influence the host’s cell- 
mediated immunity for a considerable time.” Coinfection can 
also produce a unique clinical, virologic, and histologic pattern 
manifested by viral persistence with high HCV RNA titers, higher 
necroinflammatory and fibrosis scores in liver biopsy specimens 
in addition to poor response to interferon therapy, and acceler- 
ated progression of hepatic fibrosis.” A recent study showed that 
positive schistosomal serology had no effect on fibrosis staging, 
whereas it was significantly associated with failure of response 
to HCV treatment even if antischistosomal therapy was taken.” 


Clinical Manifestations 


The clinical manifestations of schistosomiasis can pass through 
acute, sub acute and chronic stages. These stages correlate with 
the immune response to infection. Sixty percent of infected 
patients can be symptomatic, whereas 10% only have serious 
disease that necessitates medical advice.” The disease has an incu- 
bation period of between 4 weeks and 6 weeks. A maculopapular 
eruption may arise at the site of skin penetration by the cercarial 
form of the parasite in the early stage. A potentially fatal, acute 
form of schistosomiasis that is common in areas with high trans- 
mission rates, termed Katayama fever, may occur. It is manifested 
by fever, chills, headaches, arthralgia, epigastric pain, diarrhea 
with blood-flecked mucus, loss of weight, lymphadenopathy, and 
urticarial skin reactions. The liver and the spleen are moderately 
enlarged, especially in the case of S. japonicum and S. mansoni 
infection.” In chronic schistosomiasis, advanced hepatic disease 
is characterized by signs and symptoms related to the portal fibro- 
sis and the presinusoidal portal hypertension: esophageal and 
gastric variceal bleeding and splenomegaly with preserved hepa- 
tocellular synthetic function until the last stage of the disease. 
Growth retardation and late development are specifically associ- 
ated with schistosomiasis in heavily infected children. When 


present, laboratory evidence may include peripheral eosinophilia, 
anemia, hypoalbuminemia, and hypergammaglobulinemia, in 
addition to pancytopenia because of splenic sequestration. A syn- 
drome caused by chronic persistent infection with one of the 
Salmonella species has been described in association with schisto- 
somal infection. It is characterized by a long history of an indolent 
febrile illness and bacteremia, as well as hepatosplenomegaly, 
edema, and lower limb petechial rash.” 


Diagnosis 


Identification of Schistosoma ova in excreta or in mucosal biopsy 
specimens is the most appropriate method for diagnosis of schis- 
tosomal infection, to determine whether an indication for chemo- 
therapy is present, for evaluation of antischistosomal drugs, and 
for monitoring in epidemiologic surveys.” No single stool exami- 
nation procedure is totally reliable; sensitivity varies between 50% 
and 80%, depending on the patient’s intensity of infection, the 
number of eggs in the sample examined, and the care taken by 
the examiner. In addition, the examiner must wait at least 2 
months after the last known freshwater contact before examining 
for eggs, as a latent infection takes this long period to start pro- 
ducing eggs.** Multiple (three to four) specimens should be exam- 
ined, and sedimentation, filtration, and centrifugation procedures 
are better than floatation because schistosome eggs are relatively 
heavy. The Kato-Katz technique, a semiquantitative stool exami- 
nation technique, is the standard method recommended by the 
World Health Organization (WHO) for the field diagnosis of 
intestinal schistosomiasis and is generally recommended for the 
diagnosis and evaluation of S. mansoni infection by schistosome 
experts. However, concern that this technique has low diagnostic 
sensitivity is increasing.” Rectal biopsy is considered the most 
sensitive technique and is valuable when stool examination is 
negative in patients with light and partially treated infections. The 
miracidium hatching test is a Chinese test applied by public health 
workers to rule out S. japonicum infection. First, eggs are concen- 
trated (through placing feces in a nylon tissue bag put in distilled 
water) then examined macroscopically for hatching of miracidia 
that indicate presence of infection.”° 

Some of the laboratory parameters may be related to portal 
hypertension. In endemic areas, thrombocytopenia proved to be 
a good sensitive test to detect hepatosplenic schistosomiasis and 
can be used as a basic screening tool for such patients. A recent 
study showed a significant difference in the mean platelet counts 
between patients with and without hepatosplenic schistosomiasis. 
At ROC curve of platelet count of less than 143,000/mm’, the sen- 
sitivity exceeded 92% in all groups, whereas the specificity ranged 
between 44.4% and 75%.” Serologic tests have many disadvan- 
tages in that they become positive too late after infection, become 
negative too late after cure, can cross-react with other infections 
(e.g., fascioliasis), and are unrelated to the intensity of infection. 
However, they are useful when parasitologic tests are negative, in 
nonendemic situations, and in epidemiologic surveys, especially 
in eradicated controlled areas where prevalence is expected to 
be low.” Indirect hemagglutination (IHA) and enzyme-linked 
immunosorbent assay (ELISA) are the most commonly used 
methods, but other techniques, including complement fixation, 
flocculation, indirect fluorescent antibody testing, and radioim- 
munoassay, have highly variable sensitivity and specificity because 
of the wide range of types and purity of schistosome antigens 
used, in addition to lack of standardization.” More recently, a 
novel rapid dipstick with latex immunochromatographic assay 


(DLIA) has been developed to detect anti-Schistosoma japonicum 
antibodies in human serum. The sensitivity and specificity of 
DLIA were considerably high (95.10% and 94.91%, respectively). 
This test could be easily delivered anywhere with a beneficial rapid 
diagnosis and large scale field applications.”° 

Schistosomal antigen detection tests can alternatively be used 
because they measure parasite-derived substances and therefore 
would be more comparable with the worm burden and more 
indicative of active infection. The best studied antigens are the 
secretory-excretory antigens of the adult worm, also known as 
gut-associated antigens; the circulating anodic antigen (CAA), also 
known as gut-associated schistosome proteoglycan (GASP); and the 
circulating cathodic antigen (CCA), also known as M antigen. An 
ELISA test for another circulating antigen derived from S. 
mansoni, soluble egg antigen, had a sensitivity of 91% in serum 
and 97% in urine.“ A dipstick assay that detects CCA in the urine 
of S. mansoni-infected patients with 92% sensitivity has been of 
great value in monitoring large-scale interventions such as chemo- 
therapy and vaccination programs. Using reverse vaccinology 
techniques, a scientific group cloned and expressed a recombinant 
form of Sm200 C-terminal (1069-1520) region. This ELISA test 
represented an important tool to be used in the diagnosis of 
schistosomiasis. 

In addition, polymerase chain reaction (PCR), which can 
detect S. mansoni DNA in human serum and feces, yielded high 
sensitivity because it can detect fecal egg counts as low as 2 to 4 
eggs/g, with no cross-reaction with other helminthic infections.“ 
Another novel diagnostic strategy was developed, following the 
rationale that Schistosoma DNA may be released in blood as a 
result of parasite turnover and reaches the blood. Cell-free parasite 
DNA (CFPD) can be detected in plasma by PCR for any stage 
of the disease.“* 

Schistosoma miRNAs may be involved in the pathologic pro- 
cesses of schistosomiasis. Recent studies suggested that schistosome- 
specific miRNAs (such as Bantam and miR-3479-3p) could be 
used as biomarkers for schistosomiasis diagnosis. In addition, 
aberrant miRNAs can be produced by a host in response to schis- 
tosomal infection, and may subsequently contribute to the patho- 
genesis of schistosomiasis-associated hepatic injury. To date, 79 
mature miRNAs in S. japonicum and 225 mature miRNAs in S. 
mansoni are documented in miRBase (Version 21).”° 

Ultrasonography (US) is a well-established tool for the diag- 
nosis and grading of hepatic periportal fibrosis (PPF), a major 
pathologic consequence of S. mansoni infection and a hallmark in 
its diagnosis.“° The typical “bull’s-eye” appearance on US is char- 
acteristic and represents an anechoic portal vein surrounded by 
an echogenic mantle of fibrous tissue.“ A US grading system for 
hepatic PPF in patients with pure schistosomiasis that involves 
the thickness of portal tracts has been proposed: grade I, 3 to 
5 mm; grade II, 5 to 7 mm; and grade III, greater than 7 mm 
(Fig. 39-3).“° This score provides a simple, inexpensive, accurate, 
noninvasive means of screening individuals with hepatosplenic 
schistosomiasis for esophageal varices. This score strongly corre- 
lates with previous gastrointestinal hemorrhage“* and thus accu- 
rately reflects the hemodynamic changes and provides a good 
estimate of the clinical status of patients. However, the finding of 
PPF by sonographic examination has been questioned when mag- 
netic resonance imaging (MRI) was used to confirm the diagnosis 
of hepatic PPE.” A significant number of patients in whom PPF 
was diagnosed by US were shown by MRI to have fat infiltration 
of the periportal tracts. Thus a more accurate clinical diagnosis of 
hepatosplenic S. mansoni could be based on the information 
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e Fig. 39-3 Moderate periportal fibrosis of the liver demonstrated by 
ultrasonography. The arrows point to the typical lesions. 


obtained by clinical, US, and MRI examination (whenever 
possible).”° 

Another related issue regarding imaging and schistosomiasis is 
the effect of hepatic schistosomal affection on proper assessment 
of liver fibrosis status using transient elastography (fibroscan). In 
a study for the role of fibroscan in HCV infected patients, positive 
schistosomal serology status led to a statistically significant dis- 
agreement between the results of liver biopsy (Metavir) and the 
fibroscan results. This was more elucidated in F2 and F3 fibrosis 
stages. The sensitivity of fibroscan for the detection of the F2 
fibrosis stage decreased from 64% among negative schistosomal 
serology patients to 30.8% among positive schistosomal serology 
patients. Similarly, sensitivity to detect F3 stage decreased from 


43.8% to 21.4%.” 


Treatment 


Schistosomal infections can be cured with inexpensive drugs, but 
people living in endemic countries usually become reinfected. The 
first effective therapy for schistosomiasis, in which multiple intra- 
venous injections of tartar emetic were used, was introduced in 
1918 and remained the standard therapy for S. mansoni and S. 
japonicum infection for more than 60 years.” Three effective 
schistosomicidal drugs are now in use: metrifonate (for S. 
haematobium), oxamniquine (for S. mansoni), and praziquantel 


(PZQ) (for all human species). 


Praziquantel 

Praziquantel is an isoquinoline compound that is used to treat 
human schistosomiasis on a large scale. It is a safe, nontoxic drug 
that is given orally in a single dose of 40 mg/kg of body weight 
and is highly effective against all human schistosomes, with cure 
rates of 80% to 90%. PZQ produces instantaneous contraction 
of the muscles of the parasite, followed by spastic paralysis of the 
worm, which is swept to the liver for phagocytosis; thus the host’s 
immune response appears to be strongly implicated in the mode 
of action of PZQ.”’ Minor side effects may occur in the form of 
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epigastric discomfort, abdominal colic, nausea, vomiting, head- 
ache, dizziness, pruritus, and transient skin eruptions. An impend- 
ing danger with serious implications for the health protection of 
millions of people infested with schistosomiasis is the develop- 
ment of drug resistance, which has occurred in Brazil and Kenya. 
Cure rates have decreased in the last decade and were found to be 
very low in Senegal because of drug resistance.” This concern is 
reflected by the recent proposal of a new class of compounds that 
could represent a novel source of drugs against schistosomiasis.” 
Another problem with PZQ is that it does not kill schistosomula 
that are between 3 and 12 days old. 


New Drugs 


Mirazid is an herbal drug derived from myrrh (purified Com- 
miphora molmol Engler) that was developed in Egypt. The drug 
was found to be safe with no serious side effects. However, its 
efficacy has been debated; some studies showed high efficacy in 
the treatment of schistosomiasis and fascioliasis,° with a cure rate 
of 91.7%, whereas other authors have found it to have a much 
lower cure rate than PZQ in their studies.” Therefore Botros and 
colleagues did not recommend mirazid as an agent to control 
schistosomiasis.”® 

Artemether (an antimalarial drug) can kill these organisms and 
can prevent new infection with a dose given every 2 weeks, but 
it should not be used in malaria~-endemic areas to prevent the 
selection of artemether-resistant Plasmodium falciparum.” Arte- 
mether has been tried in S. japonicum—endemic areas in southern 
China to prevent new infections; it was found to be active 
against other human schistosomes and appears to be synergistic 


to PZQ in killing adult worms. 


Control 


In March 2013, the National Institute of Allergy and Infectious 
Diseases and the Bill and Melinda Gates Foundation arranged a 
meeting entitled Schistosomiasis Elimination Strategy and Potential 
Role of a Vaccine in Achieving Global Health Goals. This meeting 
focused on the potential role of schistosomiasis vaccines and 
other tools for schistosomiasis control and elimination strategies. 
Although schistosomiasis elimination in certain focal areas may 
be achieved by current mass drug administration (MDA) pro- 
grams, global control and elimination will require an integrated 
approach with other different interventions such as snail control, 
environmental sanitation and modification (water, sanitation and 
hygiene) and more future innovative tools (such as vaccines).°" 

Ultimately, prevention and control programs of schistoso- 
miasis should be multifaceted; that is, they should include che- 
motherapy, reduction of water contact and contamination, snail 
control, and vaccination.” More than 10 important antigens with 
strong potential as vaccines candidates were developed; however, 
most of them have been difficult to move forward.® A recom- 
binant antigen vaccine against S. mansoni remains elusive, in 
part because the parasite deploys complex defensive and offensive 
strategies to combat immune attack. The most potent candidates 
are egg antigens and the schistosomular tegument membrane 
antigens (Sm 23, SmTSP-2, and Sm29). A newer chimeric form 
(Sm-TSP-2/5B) provided significant reductions in adult worm 
and liver egg burdens.” Another recently identified and promis- 
ing antigen is Sm 14. This protein provokes protection against 
S. mansoni and proves to be a viable and stable vaccine candidate 
for further clinical testing.’ Concerning the tegumental protein 
Sm29 of Schistosoma mansoni, it was considered as a promising 


antigen to compose an anti-schistosomiasis vaccine. However, 
recombinant Sm29 is expressed in Escherichia coli as insoluble 
inclusion bodies and requires an efficient process of refolding for 
efficient production. A recent study succeeded in refolding it with 
a high yield (73%) as a stably soluble and structured protein. This 
refolded antigen provided a protective effect against S. mansoni 
development in immunized mice.” A successful vaccine will prob- 
ably require a cocktail of antigens rather than a single recombinant 
protein.” 


Echinococcosis (Echinococcus granulosus 
and Echinococcus multilocularis) 


Introduction 


The most important zoonotic Echinococcus species, from a public 
health standpoint, are E. granulosus and related species that cause 
cystic echinococcosis and E. multilocularis, the cause of alveolar 
echinococcosis. The WHO has included both echinococcosis and 
cysticercosis as part of a neglected zoonosis subgroup for its 2008 
to 2015 strategic plans for the control of neglected tropical dis- 
eases.” Geographically distinct strains of E. granulosus exist with 
different host affinities. Molecular studies using mitochondrial 
DNA sequences have identified 10 distinct genetic types (G1 to 
G10) within E. granulosus. The sheep strain (G1) is the most 
cosmopolitan form and is the one most commonly associated with 
human infection.” 


Immune Response 


A combined Ty] and Ty2 cytokine profile appears to be crucial 
for prolonged parasitic growth and survival. Ty1 cytokines 
promote the initial cell recruitment around the parasite vesicles 
by inducing a chronic cell infiltrate and the formation of orga- 
nized periparasitic granuloma, fibrosis, and necrosis. T}2 cyto- 
kines could be responsible for the ineffective immune response.” 

Humans are infected by ingesting eggs shed in the feces of 
definitive canine hosts. The eggs hatch into slow-growing larval 
cysts and penetrate through the mucosa, thereby leading to blood- 
borne distribution of the organism.” The liver is the most com- 
monly affected organ (60%), followed by the lungs (30%), 
kidneys, brain, spleen, bone, mesocolon, and potentially any other 
viscera.” The right lobe (80%) of the liver is affected more than 
the left lobe, and in a third of cases the cysts are multiple.” 
Pathologically, a hydatid cyst is a fluid-filled structure delimited 
by three layers in E. multilocularis infection; the cysts are less well 
limited because no sharp separation between the parasitic tissue 
and the liver parenchyma is present.” The poor vascularization of 
the parasitic mass and the superimposed bacterial infection often 
lead to necrosis in the central part of the cyst. 


Clinical Manifestations 


Clinical signs associated with echinococcosis usually develop as a 
result of mass effect, allergic reactions, or tissue necrosis/fibrosis. 
Symptoms can take 5 to 10 years to occur after the initial infesta- 
tion.” The initial phase of primary infection is always asymptom- 
atic and may be maintained for many years even if the infection 
was acquired in childhood. The clinical manifestations are variable 
and determined by the site, size, and condition of the cysts.” 
Hepatic echinococcosis is usually manifested as hepatomegaly 


(with or without a palpable mass in the right upper quadrant), 
right epigastric pain, nausea, and vomiting. In the event of a 
ruptured cyst, allergic reactions ranging from mild to fatal ana- 
phylaxis may occur. Common complications include rupture into 
the biliary tree with secondary cholangitis, biliary obstruction or 
extrinsic compression, subphrenic abscess formation, and intra- 
peritoneal rupture with anaphylaxis.” Up to 40% of infected 
patients can develop hydatid cyst suppuration.” Segmental or 
lobar hepatic atrophy can occur in cases of portal vein or bile duct 
obstruction due to large expanding cysts.” 


Diagnosis 


The diagnosis is usually made at a stage when a fully devel- 
oped and still proliferating cyst has already induced an immune 
response in the host.® In addition to the history and clinical 
examination; the diagnosis is based on a combination of imaging 
techniques. Thus clinical findings such as a space-occupying lesion 
and residence in an endemic region are suggestive of cystic hydatid 
disease."' Serologic tests (hemagglutination, immunoelectropho- 
resis, and enzyme immunoassay) are positive and confirm the pre- 
sumptive radiologic diagnosis.” However, a detectable immune 
response does not develop in some patients with cystic echino- 
coccosis.** Hepatic cysts are more likely than pulmonary cysts to 
elicit an immune response; it appears, however, that regardless 
of location, the sensitivity of serologic tests is inversely related to 
the degree of sequestration of the echinococcal antigens inside 
cysts. In seronegative individuals, a presumptive diagnosis can 
be confirmed by the demonstration of protoscolices or hydatid 
membranes in the liquid obtained by percutaneous aspiration of 
the cyst.“ More recent advances focused on the search for more 
potent diagnostic tools. A study published in 2012 developed 
a recombinant antigen and tested a 2B2t-ELISA that proved 
to be a promising candidate test for serodiagnosis. It showed 
high sensitivity and specificity, and was useful in monitoring the 
clinical evolution of surgically treated patients.” Another more 
recent study prepared antigen B from E. granulosus hydatid fluid 
and developed IgG4 and IgG dipsticks. IgG4 dipstick had a 
diagnostic sensitivity of 95% and a specificity of 100%. The IgG 
dipstick had a sensitivity and specificity of 100% and 87.5% 
respectively. *° 

Imaging techniques such as abdominal US, computed tomog- 
raphy (CT), and MRI are used to determine the location, number 
and size, morphology, and vitality of the cysts; the status of the 
biliary tree and involvement of adjacent or distal organs; and the 
diagnosis of deep-seated lesions in all organs.*”** Chest roentgen- 
ography permits the detection of echinococcal cysts in the lungs, 
and CT is very helpful, especially for the diagnosis of nontypical 
lesions.” A standardized classification system for hepatic cysts 
detected by US has been developed by the WHO.” The most 
common sonographic appearance of hepatic hydatid cysts reported 
in 362 Egyptians patients with 558 cysts was a noncomposite 
anechoic pattern in 91% of the cysts, with the remaining cysts 
having either a rosette or honeycomb appearance.” 


Treatment 


Surgery was considered the only option for the treatment of echi- 
nococcal cysts; however, chemotherapy with benzimidazole com- 
pounds and treatment by cyst puncture, aspiration, injection of 
chemicals, and reaspiration (PAIR) has been introduced and 
has increasingly supplemented or even replaced surgery as the 
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preferred treatment.® Surgical excision of intact hydatid cysts, 
when possible, may be the best treatment to remove cysts and lead 
to complete cure with avoidance of the adverse consequences of 
spilling the contents. Both albendazole (10-15 mg/kg/day) and 
mebendazole (40-50 mg/kg/day) have demonstrated efficacy; 
however, the results of albendazole have been superior, probably 
because of its pharmacokinetic profile, which favors intestinal 
absorption and penetration into the cyst. Small (<7 mm in diam- 
eter), isolated cysts surrounded by minimal adventitial reaction 
respond best, whereas complicated cysts with multiple compart- 
ments or daughter cysts or those with thick or calcified surround- 
ing adventitial reactions are relatively refractory to treatment.” A 
recent systematic review confirmed that the size and stage of cysts 
are the most likely factors to predict the response to chemother- 
apy.” A recent study looked for correlation of plasma and cyst 
concentrations of albendazole and its effectiveness. Higher cyst 
concentrations were significantly associated with lower odds of 
protoscolex motility and higher odds of protoscolex destruction. 
Higher plasma concentrations were associated with lower odds of 
disease recurrence. Plasma concentrations were not related to cyst 
concentrations.” 

Another option for the treatment of hepatic hydatid cysts is 
the PAIR technique.” PAIR is indicated for patients who cannot 
undergo surgery and for those who refuse surgery and have single 
or multiple cysts in the liver, abdominal cavity, spleen, or kidney. 
The PAIR technique is contraindicated for inaccessible or super- 
ficially located liver cysts and for calcified lesions. PAIR was found 
to be a safe, effective, and inexpensive therapeutic modality. 
Follow-up by US after 1 year revealed cyst collapse in 88%, and 
repeated US showed a continued decrease in the size of all remain- 
ing and organized lesions (pseudosolid pattern) in 26% of patients 
after 5 years of follow-up.” As an important precaution, anthel- 
mintic coverage is crucial to minimize the risk of secondary cysts: 
albendazole should be administered for 4 days before the proce- 
dure and to be continued for at least 1 month after having punc- 
tured a lesion diagnosed as an E. granulosus cyst.” 

Regarding preventive and control measures, rising public aware- 
ness of this disease and individual protective measures should be 
part of every prevention program. For domestic dogs with access 
to rodents, a monthly deworming scheme is important.” 


Amebiasis 


Introduction 


Amebiasis, a disease caused by the intestinal protozoan parasite 
Entamoeba histolytica, is the third leading parasitic cause of death 
in humans after malaria and schistosomiasis. Globally, it is respon- 
sible for 40,000 to 100,000 deaths per year.”””” It is distributed 
throughout the world and occurs in almost all countries in which 
the barriers between human feces and food or water are insuffi- 
cient. Africa, Central and South America, and India have the 
highest morbidity and mortality.” The genus Entamoeba contains 
many species, some of which (E. histolytica, E. dispar, E. mosh- 
kouskii, E. polecki, E. coli, and E. hartmanni) can reside in the 
human interstitial lumen. Entamoeba histolytica is the only Ent- 
amoeba species definitely associated with disease; the others are 
considered nonpathogenic.” Entamoeba dispar, one of the nonin- 
vasive, nonpathogenic, nonantigenic species, is responsible for 
more than 90% of amebic infections, whereas E. histolytica (inva- 
sive and pathogenic) can cause invasive disease and remains 
an important cause of morbidity and mortality in developing 
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countries.” Both are genetically distinct but microscopically 
indistinguishable'”’; however, advances in molecular technology 
have allowed clear characterization of the aforementioned Ent- 
amoeba species. Interestingly, only a few strains are responsible for 
approximately one case of disease per four asymptomatic infected 
individuals, which may be based on the genetic background of E. 
histolytica strains.'°' More recently, a study found sufficient evi- 
dence to implicate E. dispar as a potential agent capable of induc- 
ing tissue damage in the digestive tract and liver in humans. 

Ingestion of cysts from fecally contaminated food or water 
initiates infection, and the trophozoite may remain confined to 
the intestinal lumen as a simple boarder and feed on bacteria and 
cellular debris. A great number of patients infected with Æ. dispar 
and some strains of E. histolytica are asymptomatic, whereas only 
a relatively small proportion of infected individuals suffer from 
amebic colitis. Intestinal invasion may occur, depending on the 
parasite’s genetic’ and immunoenzymatic™ profile, in addition 
to its ability to produce proteolytic enzymes and to resist 
complement-mediated lysis. Trophozoites invading the portal cir- 
culation disseminate systemically and reach the liver, where they 
cause hepatic amebiasis and its distinctive lesion, the amebic liver 
abscess (ALA). Amebic lysis of neutrophils at the edge of the 
lesion releases mediators that lead to hepatocyte death and can 
extend the damage to distant hepatic cells.” Eventually, the small 
lesions coalesce into a larger hepatic lesion, which is unsuitably 
named the amebic abscess. ALA is surrounded by a well- 
circumscribed region with completely unaffected adjacent liver 
parenchyma. The cavity contains a thick, nearly sterile material 
that varies in color from creamy white to dirty brown and pink, 
similar to anchovy sauce. Amebae are rarely present in this 
material. 


Clinical Manifestations 


Asymptomatic Patients 


In most E. histolytica infections, symptoms are absent or very mild 
and represent noninvasive disease. Asymptomatic patients never 
become symptomatic; they may excrete cysts for a short period 
until they clear the infection. These patients should be treated to 
eliminate the organism and prevent further transmission.” 


Symptomatic Patients 

In only a small proportion of people infected with E. histolytica 
will clinical disease eventually develop, the most frequent mani- 
festations being amebic colitis and ALA.” 


Amebic Colitis 


Patients often have a history of several weeks of abdominal pain 
and diarrhea (usually characterized by blood, mucus, and fecal 
leukocytosis). Fever occurs in fewer than 40% of patients.” 


Amebic Liver Abscess 


Amebic liver abscess is the most common extraintestinal mani- 
festation of amebiasis. Some days or months after the onset of 
diarrhea, or even without a history of intestinal amebiasis, the 
clinical manifestations of hepatic abscess can appear. Patients are 
usually seen initially within 5 months of contracting the disease; 
however, prolonged latency may also occur.'’° The hepatic lesion 
is generally solitary and located in the right lobe, close to the 
capsule. Clinical symptoms include fever (in 87% to 100% of 
patients), malaise, right upper quadrant pain with no concomi- 
tant colitis (in 60% to 70% of patients), hepatic tenderness, and 


hepatomegaly.'” If the abscess compresses the diaphragm, cough 
and dyspnea may be present, along with dullness and rales in the 
right lung base.” A ruptured abscess will cause abdominal pain 
with guarding and rigidity. Jaundice is very uncommon and is 
associated with a worse prognosis. 

Several laboratory findings are usually abnormal but nonspe- 
cific, including moderate leukocytosis without eosinophilia; mild 
anemia, either normochromic or hypochromic; increased levels of 
alkaline phosphatase; and an increased erythrocyte sedimentation 


rate." 


Diagnosis 


The diagnosis of amebiasis is established either by detecting £. 
histolytica parasites in feces or by detecting an antibody response 
to the parasite in serum.” Entamoeba histolytica cysts and tropho- 
zoites are found in fixed fecal smears stained with a permanent 
stain (iron hematoxylin or trichrome). Multiple samples are 
required because the organism is shed intermittently. The sensitiv- 
ity of microscopy is poor, and it cannot distinguish between the 
Entamoeba species; thus further testing is required for a correct 
diagnosis." Colonoscopy and flexible sigmoidoscopy are useful 
in patients with acute colitis when E. /istolytica infection is sus- 
pected on clinical grounds but not detected in stool samples. 
Examination of scrapings and biopsy specimens for trophozoites 
has higher sensitivity than does examination of fecal specimens.” 
Culture techniques can detect E. histolytica; however, they are 
time-consuming, laborious, and often unrewarding, with a sensi- 
tivity of only approximately 50%. Antigen detection methods 
using monoclonal antibodies directed against various proteins of 
E. histolytica were reported to be an essential adjunctive method 
for examination of stool that has improved sensitivity and specific- 
ity." Molecular methods using the PCR technique can amplify 
E. histolytica genes from extracted fecal DNA and from pus aspi- 
rated from ALA, and such tests are highly sensitive and spe- 
cific''’''* and can reliably differentiate between nonpathogenic 
and pathogenic Entamoeba species. However, these tests are 
expensive and require a high level of expertise.’ An easier, accu- 
rate and applicable test depends on technique of Loop-Mediated 
Isothermal Amplification (LAMP) assay for detection of E. histo- 
lytica. This test provided the advantages of high specificity and 
sensitivity, one-step amplification and fast visual detection to diag- 
nose amebic hepatic abscess." 

Serologic tests are specific but have varying sensitivity. They 
are reported to be approximately 100% specific for ALA” and 
84% for invasive intestinal disease.”° Serologic tests are helpful in 
places where infection with Æ. histolytica is not common; however, 
they are unable to distinguish past from current infection in 
endemic areas. Detection of antibodies can be helpful in the case 
of ALA when patients do not have detectable parasites in stool. 
Many different assays have been developed, such as IHA, latex 
agglutination, immunoelectrophoresis, counterimmunoelectro- 
phoresis (CIE), the amebic gel diffusion test, immunodiffusion, 
complement fixation, indirect immunofluorescence assay (IFA), 
and ELISA. The latter is the most popular assay in diagnostic 
laboratories for studying the epidemiology of asymptomatic ame- 
biasis and making the diagnosis of symptomatic amebiasis after 
fecal examination.” The sensitivity of ELISA approaches 95% 
with no cross-reaction with other, non—E. histolytica parasites. 

The diagnosis of ALA relies on the identification of a space- 
occupying lesion in the liver and positive amebic serology. Defini- 
tive confirmation is based on demonstration of trophozoites in 


aspirated pus, which can be further supported by recovering tro- 
phozoites and cysts in the feces of these patients. Cyst aspiration 
is not usually required for diagnosis in a patient with the clinical 
findings of ALA and in whom serologic evaluation is positive. 
Liver tests are not very helpful, presumably because too little liver 
tissue is affected.” Moderate elevation of alkaline phosphatase, as 
well as hypoalbuminemia and mildly increased transaminase 
levels, would suggest the possibility of a large abscess. US and CT 
are the imaging tests of choice; both methods are very sensitive, 
but neither provides absolute specificity for ALA. US is the most 
widely used initial imaging procedure because of its low cost, 
accessibility, and ability to rapidly detect hepatic lesions at the 
different stages of the disease. With US, hepatic lesions tend to 
be round or oval and hypoechoic, with well-defined margins. 
Abdominal CT is another valuable imaging procedure that has 
greater resolution and sensitivity in detecting hepatic lesions, espe- 
cially smaller ones, and thus is useful in early diagnosis.” In a 
series of 52 patients with ALA diagnosed by US and serologic 
tests, US revealed that most abscesses were solitary (81%), in the 
right lobe (71%), rounded or oval (78%), and cystic (57%) and 
had a mean abscess diameter of 9.2 cm with a well-defined wall 
(53%). All patients survived and were cured completely with 
medications. Drainage of large abscesses was performed in only 
four patients." 


Treatment 


Asymptomatic carriers of E. histolytica should be treated with a 
luminal agent to minimize the spread of disease and the risk for 
development of invasive disease. Amebic colitis is first treated with 
a nitroimidazole derivative (metronidazole, followed by a luminal 
agent to eradicate colonization).” 

Most uncomplicated ALAs can be treated successfully with 
tissue amebicides to eradicate the invasive trophozoite forms in 
the liver, followed by luminal amebicides for eradication of the 
asymptomatic colonization state. Metronidazole is given at a dose 
of 500 to 750 mg three times a day orally for 10 days and has 
cure rates of 90%. Alternatively, tinidazole, a closely related, well- 
tolerated nitroimidazole, may be administered once daily and 
appears to be at least as effective as metronidazole, with a clinical 
cure rate of greater than 90%. Luminal agents with proven efficacy 
include diloxanide furoate, iodoquinol, and paromomycin. A 
second course of a luminal amebicide may be required in a few 
weeks if the first course fails to eradicate the intestinal carriage.” 
Metronidazole is the standard of care for uncomplicated ALAs 
(complicated liver abscesses are those localized in the left lobe, 
multiple, or pyogenic). Therapeutic aspiration in addition to met- 
ronidazole to hasten clinical or radiologic resolution of uncom- 
plicated ALA cannot be supported or refuted.''’” Aspiration of 
ALA may be performed in patients with no clinical improvement 
in 48 to 72 hours, a left lobe abscess because of concern for 
rupture into the pericardium, a thin rim of liver tissue around the 
abscess (<10 mm), seronegative abscesses,''° a large abscess at risk 
for rupture, and an uncertain diagnosis.'’’ The clinical response 
to antiamebic drugs is usually evident within 48 to 72 hours and 
should be fairly rapid, especially in endemic areas. Different 
studies were performed to compare effectiveness of both percuta- 
neous catheter drainage (PCD) and percutaneous needle aspira- 
tion (PNA) in the management of large hepatic abscesses.'!*'"” 
Generally, PCD proved to be more successful with faster clinical 
relief and lesser parenteral antibiotics. Searching for prognostic 
indicators of failure to treat amebic hepatic abscesses, a recent 
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study found that 24 patients (out of 40) responded to medical 
management, whereas 14 patients needed percutaneous drainage 
and two patients underwent surgery. Failure of treatment was 
mostly related to low albumin level, high serum alkaline phospha- 
tase level, and large abscess volume (more than 500 mL) and 
diameter (more than 10 cm).'”° 

Follow-up US or CT is unnecessary after the cessation of 
symptoms and signs because resolution on imaging may take 
several months to years to become apparent and does not correlate 
with clinical resolution. Therefore clinical criteria rather than US 
should be used to monitor the result of therapy, and a follow-up 
stool examination is recommended after completion of therapy.'"° 
Alternatively, surgery for cyst drainage is limited to patients with 
complications of invasive disease and very severe or therapy- 
resistant cases.” 


Hepatobiliary Parasites 


Parasitic infection of the biliary tree is caused by liver flukes, 
namely, C. sinensis, O. viverrini, and O. felineus, in addition to 
human infection with Fasciola hepatica, a cattle fluke, which may 
occur inadvertently. 


Fascioliasis 


Fascioliasis, a frequent cause of liver disease in endemic areas, is 
caused by the trematode F hepatica, and Fasciola gigantica affects 
sheep and cows in particular. It was considered a secondary zoo- 
notic disease until the mid-1990s. Human fascioliasis is emerging 
or reemerging in many countries, including increases in preva- 
lence and intensity and geographic expansion.’” It is estimated 
that 2.4 to 17 million people are infected throughout the world'” 
and that 91.1 million are at risk for infection.’ 

Humans are infected accidentally by ingesting contaminated 
watercress or water containing encysted larvae. In the stomach, 
the excysted larvae are liberated, escape into the peritoneal cavity, 
and then penetrate the capsule of Glisson, after which they enter 
the liver parenchyma. In the liver, the flukes slowly migrate ran- 
domly through the hepatic parenchyma until they reach the larger 
bile ducts and penetrate into the lumen of the bile ducts.'” The 
migratory larval and resting adult stages correspond to two clinical 
stages of the life cycle, called the hepatic and biliary stages. The 
hepatic stage lasts 2 to several months.'” 

The biliary phase may last for a decade or more. The patho- 
genesis of fascioliasis is due to larval migration through the hepatic 
parenchyma and chronic inflammatory changes such as marked 
local inflammatory reaction, hepatocyte necrosis, hemorrhage, 
and abscess formation, followed by fibrosis within the biliary 
tract. ™® The adult fasciola and its ova, in addition to causing 
chronic intermittent obstruction, form a nidus for recurrent cho- 
lelithiasis, which can lead to secondary biliary cirrhosis and 
sclerosing cholangitis.” Previous studies have shown a strong 
association between fascioliasis and liver fibrosis, depending on 
the duration and burden of infection. The pathogenesis of injury 
may be due to cathepsin L1 and its collagenolytic function associ- 
ated with tissue invasion mediated by the parasite’s proteolytic 
activity. These injuries lead to collagen type I expression and 
ultimately hepatic fibrosis.'** 


Clinical Manifestations 


Infection with F hepatica has two distinct clinical phases corre- 
sponding to the migratory stages of its life cycle (acute, hepatic) 
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and to the presence of worms in their final habitat in the bile 
ducts (chronic, biliary). In 50% of cases, the initial manifestation 
is subclinical. The acute hepatic phase begins within 12 weeks of 
exposure and is characterized by low-grade fever, tender hepato- 
megaly, anorexia, nausea, and pruritus. Mild to moderate periph- 
eral eosinophilia is common but can become marked during larval 
migration through the liver. Elevated levels of alkaline phospha- 
tase and y-glutamyltranspeptidase are typical, with high amino- 
transferase levels seen only with significant hepatocellular necrosis. 
During the chronic biliary phase, patients may be asymptomatic 
or complain of such nonspecific symptoms as dyspepsia, dull right 
upper quadrant discomfort, or diarrhea. Patients may have classic 
biliary colic, ascending cholangitis, acute pancreatitis, or chole- 
cystitis in obstructed bile ducts. In the chronic phase of infesta- 
tion, peripheral eosinophilia may be mild or absent. "° 


Diagnosis 

The diagnosis should be considered in any patient who lives or has 
traveled to endemic areas and has a history of ingesting freshwater 
plants or drinking untreated water in conjunction with fever, right 
upper quadrant pain, intrahepatic cystic lesions, and absolute 
peripheral blood eosinophilia. Detection of eggs in feces, bile, 
or duodenal aspirate is the definitive test. However, multiple stool 
specimens and concentration techniques are often necessary in 
light infestations because egg production and shedding may be 
low.'”” In a patient with the typical clinical findings and travel 
history, a negative stool examination does not rule out fascioliasis. 
Immunodiagnostic tests using every available technique from skin 
to antibody and antigen detection assays targeting somatic and 
excretory/secretory antigens of adult worms are helpful.'”” Sero- 
logic diagnosis using ELISA-based tests greatly aids in diagnosis 
because of their extremely high sensitivity (>95%) and specificity 
(97-100%).'*”'”° Serologic tests are considered less useful during 
acute infection because of cross-reactions with other helmin- 
thic antigens, which may confuse interpretation of the results. 
However, because symptoms develop 1 to 2 months before eggs or 
antibodies are detectable in stool or serum, respectively, serologic 
tests may be an alternative method of confirming early fascioliasis, 
in addition to extrabiliary infestation. A Fas2 ELISA was found 
to be more specific than Western blot and Arc II.'”” Furthermore; 
serologic titers should decline after successful therapy and can 
therefore be used to monitor response to treatment. 

Imaging techniques are also helpful in establishing the diagno- 
sis, particularly in the chronic biliary phase. Hepatic US may 
demonstrate adult flukes in the bile ducts or gallbladder, as well 
as hyperechoic lesions. The most common findings on CT or MRI 
include multiple hepatic metastatic-like lesions that change in 
position, attenuation, and shape in time; tracklike hypodense 
lesions with a subcapsular location; low-density, serpiginous, tor- 
tuous tunnel-like branching lesions ranging from 2 to 10 mm; or 
subcapsular hematomas (Fig. 39-4).'"' Endoscopic retrograde 
cholangiopancreatography (ERCP) is useful to confirm the loca- 
tion of the trematode in the extrahepatic biliary tract.'°* Another 
clue to suspecting acute fascioliasis is the presence of hypergam- 
maglobulinemia.'*' Finally, a diagnostic criterion is significant 
clinical improvement and decreasing levels of eosinophils in the 
3 to 5 days after a trial of triclabendazole. 


Treatment 


Treatment of fascioliasis remains highly problematic, in contrast 
to other nematode infections, because it requires high or multiple 
doses of drugs with significant side effects.” Triclabendazole 
remains the drug of choice for treating F hepatica in humans and 


Fig. 39-4 Late stage of acute Fasciola infection. Computed tomog- 
raphy after venous contrast enhancement shows a variety of changes, 
including nodular, perivascular, some serpiginous (arrows) tracklike, and 
subcapsular peripheral lesions. 


livestock, as well for both phases, and it has a cure rate exceeding 
90% for acute stages after a single dose of 10 mg/kg and similar 
results in chronic infections.'**'°° The most common adverse 
event is biliary colic caused by the passage of dead or dying para- 
sites through the bile ducts. Treatment with triclabendazole is 
effective, but resistance is emerging in livestock and may pose a 
future threat for patients.” Artemether, administered at malaria 
treatment regimens was tested as a treatment for fascioliasis. 
However, it showed no or only little effect and does not represent 
an alternative to triclabendazole. The role of artemether and other 
artemisinin derivatives as partner drugs in combination chemo- 
therapy, still needs further studies.'** In biliary obstruction, ERCP 
and anthelmintic therapy are recommended in patients with light 
infestation, whereas in those with a heavy fluke burden that is 
resistant to oral therapy, intraductal endoscopic treatment with a 
fasciolicidal agent has been successful. 1>? 


Clonorchiasis and Opisthorchiasis 


Clonorchiasis is an infection caused by C. sinensis, whereas opis- 
thorchiasis is caused by O. viverrini and O. felineus. The geo- 
graphic distribution of these liver flukes is largely in Asia and 
eastern Europe.“ Currently, more than 200 million people are at 
risk of infection, 15 to 20 million people are actually infected and 
1.5 to 2 million show symptoms or complications.'*! People living 
along rivers are prone to infection with these flukes because they 
have a habit of eating uncooked freshwater fish. Cercariae that 
emerge from freshwater snails encyst in the muscle of certain 
freshwater fish species. Humans acquire the infestation when they 
ingest raw, undercooked, or pickled fish that carry the metacer- 
cariae. Larvae excyst from the ingested metacercariae and migrate 
into the biliary system through the ampulla of Vater. Once the 
larvae reach the intrahepatic bile ducts, they mature into adult 
liver flukes over a period of approximately 1 month and begin 
producing eggs.“ The pathogenesis of liver fluke—mediated tissue 
damage may be directly via mechanical or chemical irritation or 
immune-mediated injury (or both).'”’ 


The organisms reside in the bile ducts and give rise to 
chronic inflammation, dilation, and mechanical obstruction of 
the bile duct. Repeated infestation or chronicity can lead to recur- 
rent pyogenic cholangitis, as well as secondary biliary cirrhosis or 
sclerosing cholangitis, and may lead to cholangiocarcinoma.'**'“* 
Throughout Southeast Asia, a high incidence of cholangiocarci- 
noma is recorded, certainly in people from rural settings in Laos 
and Northeast Thailand (who are infected with the liver fluke, 
Opisthorchis viverrini). Whereas Helicobacter pylori induces cancer 
in less than 1% of infected people, as many as one sixth of people 
with opisthorchiasis may develop cholangiocarcinoma. “” 


Clinical Manifestations 


The signs and symptoms depend on the number of flukes and the 
presence of complications. The majority of patients are asymp- 
tomatic during the acute infestation, but up to 10% of patients 
have fever, malaise, dull right upper quadrant pain, jaundice, 
lymphadenopathy, and tender hepatomegaly, in addition to non- 
specific abdominal complaints such as abdominal discomfort 
and indigestion.'*°'"”'“° With obstruction from parasite eggs or 
recurrent pigment stones, patients may have classic biliary colic, 
ascending cholangitis, or acute pancreatitis, in addition to the 
symptoms of cholecystitis. Laboratory evaluation may be sugges- 
tive of pancreatobiliary obstruction with or without cholangitis; 
peripheral eosinophilia is typically absent in chronic liver fluke 
infestation.” Cholangiocarcinoma should be considered in all 
patients from endemic regions with weight loss, anorexia, and 
jaundice. 


Diagnosis 

Detection of eggs in feces, bile, or duodenal aspirate is the defini- 
tive test for diagnosis. However, multiple stool specimens and 
concentration techniques are often necessary in light infestations 
because egg production may be low.” The Kato-Katz method 
is accepted as the best for fecal examination, although the eggs 
may sometimes not be detected because of biliary obstruction or 
intermittent egg excretion, similar to fascioliasis. In light infec- 
tions with fewer than 10 adult worms in the biliary tract, PCR 
to detect the DNA of the adult parasite in stool may be helpful.'*” 
More recently, a research team developed a rapid and sensitive 
polymerase chain reaction test for detection of Clonorchis sinensis 
eggs in stool samples with a recorded high level of specificity and 
sensitivity. “* 

Serologic tests may be helpful but cannot distinguish between 
recent and past infection. Serologic tests are available for C. sinen- 
sis (immunoblot antigen assay and ELISA) and O. viverrini 
(ELISA) but are not routinely used except as an adjunct to stool 
studies or cholangiography.'*”'** The sensitivity and specificity of 
the ELISA-based tests range from 81.3% to 96% and 92.6% to 
96.2%, respectively. “>! US reveals intrahepatic duct dilation in 
76% of patients, with increasing periductal echogenicity and gall- 
bladder sludge seen only in patients with heavy infection.'”! 
Flukes are difficult to visualize because they are packed within the 
small bile ducts, whereas in heavy infection, flukes or aggregate 
of flukes can be seen as a nonshadowing echogenic focus or cast 
within the bile ducts. Flukes in the gallbladder are easy to visualize 
as floating or dependent, discrete echogenic foci.'*’ Flukes can be 
visualized in the larger bile ducts or extrahepatic ducts with CT 
and also MRI.'” 


Treatment 


Praziquantel is the drug of choice for the treatment of O. viver- 
rini, O. felineus, and C. sinensis. For O. viverrini, a single dose 
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(40-50 mg/kg) of PZQ is indicated, with a cure rate of between 
91% and 97%. For clonorchiasis, the recommended dose of PZQ 
is 25 mg/kg three times at 5 hour intervals in 1 day (total dose, 
75 mg/kg), with a cure rate of 83% to 85%.'*”'” Several trials 
were performed for newer drugs that may have better curative 
potentials than praziquantel. Tribendimidine seems to be at least 
as efficacious as praziquantel, and both drugs were well tolerated. 
Mefloquine, artesunate, and mefloquine-artesunate did not show 
a comparable effect.' In a recent study, single dose tribendimi- 
dine provided a cure rate of 44%, whereas cure rates of 58% and 
56% were reported with tribendimidine taken for 3 days and 
praziquantel, respectively. High egg reduction rates (97.6% to 
98.8%) were demonstrated with all treatment regimens. Single 
dose tribendimidine was the best-tolerated treatment regimen. 
Patients treated with praziquantel had significantly more adverse 
events than had tribendimidine recipients." Chronic complica- 
tions include recurrent stones, biliary strictures, and cholangio- 
carcinoma, which can be managed endoscopically or surgically as 
an adjunct to medical therapy. 

Still, a need for different control methods for opisthorchiasis 
exists. A successful vaccine may limit the different pathologic 
sequelae of acute and chronic liver fluke infections, and certainly 
the risk of cholangiocarcinoma.'”° 


Capillaria hepatica 


Capillaria hepatica infection is a rare cause of human liver 
disease.“ The pathogenesis of disease is related to the host 
immune response, with the larvae or eggs producing an eosin- 
ophilic granulomatous reaction in the portal tracts.” Infec- 
tion with C. hepatica may be mild or asymptomatic or lead to 
weight loss, general malaise, fever, edema, and eosinophilia, as 
well as hepatomegaly with an increase in transaminases and 
alkaline phosphatase. A definitive diagnosis is made by finding 
of C. hepatica in percutaneous liver biopsy samples. Meben- 
dazole, 200 mg twice daily for 20 days, and albendazole, 
400 mg twice daily for 10 days, are two options that may prove 
efficacious. 


Ascaris lumbricoides 


Ascaris lumbricoides is widely distributed in tropical and sub- 
tropical regions and in other humid areas. Recent data suggests 
that approximately 1.2 billion people are infected." Humans 
are permanent hosts, and infection occurs by the ingestion of 
eggs. After lung and tracheal migration, the worms reside in 
the small intestine, and occasionally, worms migrate through the 
ampulla of Vater into the biliary tree and gallbladder and cause 
bile duct obstruction, cholangitis, and pancreatitis. A sonographic 
finding is nonshadowing, echogenic tubular structures within 
the bile ducts, sometimes with a longitudinal central echo-free 
line representing the gastrointestinal tract of the worm. ERCP 
shows a long tubular filling defect in the bile duct or gallbladder, 
and magnetic resonance cholangiography may show intraductal 
worms as a linear low-intensity filling defect in the bile ducts.'” 
Mebendazole, albendazole, levamisole and pyrantel pamoate are 
the most widely used agents for treating ascariasis.'° In addition 
to these drugs, newer alternatives such as tribendimidine and 
Nitazoxanide have proved to be safe and equally effective against 
A. lumbricoides and other soil transmitted helminthiases in dif- 
ferent human trials.'°! 
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Human Immunodeficiency Virus 
and Parasitic Infections 


Parasites are endemic in many regions of the world, including 
subSaharan Africa, where the largest burden of human immuno- 
deficiency virus/acquired immunodeficiency syndrome (HIV/ 
AIDS) exists. The same factors, including poverty and malnutri- 
tion, could promote the transmission of both infections, and 
several studies have investigated the interaction between these 
agents. Parasitic infections, particularly helminths, cause 
chronic activation of the immune system, in addition to skewing 
the immune response toward Ty2 immune responses, which has 
been shown to increase host susceptibility and thereby promote 
HIV infection and progression of disease.'°*'® Thus chronic acti- 
vation of the immune system was suggested as one factor that has 
adversely influenced epidemics of HIV/AIDS in Africa.'°° On the 
other hand, with the emergence of AIDS, the epidemiology and 
the outcome of diseases caused by opportunistic parasites were 
significantly modified." Overall, either because of HIV coinfec- 
tion or independently, parasitic infections have continued to be a 
major cause of morbidity and mortality in humans.’ 

Amebiasis has been greatly associated with HIV, and patients 
with advanced HIV disease represent one of the highest risk 
groups for invasive amebiasis.” Studies from Japan, Taiwan, and 
the Republic of Korea, areas where E. histolytica endemicity is 
generally low, suggest that amebiasis is an emerging parasitic infec- 
tion that occurs exclusively in men who have sex with men, 
especially those infected with HIV.” Host factors, such as dys- 
regulation of T-cell activity, was suggested to play an important 
role in HIV-infected patients who are susceptible to invasive 
amebiasis.'’' Moreover, ALA is an emerging parasite infection in 
HIV-infected patients, even in areas where the disease is not 
endemic. ALA should be considered in HIV-infected patients 
with space-occupying lesions in the liver, and HIV screening is 
strongly recommended in areas where ALA is not endemic, espe- 
cially in those with no history of travel to a disease-endemic 
area.” Both fever and abdominal pain are less frequent in HIV- 
infected ALA patients with significantly lower white blood cell 
counts than HIV-negative patients. CD4* T-cell counts vary 
greatly from 14 T cells/UL to 798 T cells/uL, thus suggesting that 
ALA is not caused by an opportunistic infection." 

Schistosomiasis is a highly prevalent parasitic infection that 
causes significant morbidity and mortality in subSaharan Africa, 
where HIV is also endemic.'” Schistosomal infection is often 
asymptomatic for many years, and therefore recommended screen- 
ing for schistosomiasis should be offered to HIV-infected patients 
along with subsequent PZQ treatment.’ The exact number of 
persons coinfected with HIV and schistosomiasis is not known, 
but in some areas the prevalence can reach high proportions.” 
There are very few studies of the interaction of the two pathogens, 
but it is speculated that either infection enhances progression of 
the other, with reports from uncontrolled studies showing no or 
even negative effects of schistosomiasis treatment.'”°'”” Circulat- 
ing IL-10 involved in the systemic inflammation induced by S. 
mansoni was reduced after treatment with PZQ in coinfected 
persons, and the production of other proinflammatory cytokines 
was also affected by schistosomiasis coinfection." Moreover, 
studies from Kenya showed significantly lower egg excretion with 
impaired periovular granuloma formation in HIV-positive schis- 
tosomal cases than in HIV-negative patients. The reduction in 
egg excretion, which may be due to the immune dependence of 
egg excretion, was correlated with decreasing CD4* cell counts 


and resulted in more severe pathology. HIV-positive schistosomiasis 
patients have higher levels of alanine transaminase than do HIV- 
negative patients.” On the other hand, HIV replication and pro- 
gression of AIDS may be enhanced in schistosomal patients because 
of nonspecific activation of the immune system and the preferen- 
tial T2 environment, which inhibits cytotoxic T-cell responses. '®° 
Nevertheless, HIV-positive patients were found to respond nor- 
mally to PZQ therapy irrespective of their CD4* cell counts.'*! 
Thus it is apparent that HIV infection has been modifying 
both the epidemiology and the outcome of parasitic infections, 
and therefore raising patient immune status, as well as screening 
HIV-positive patients for these treatable parasites, is important. '® 


Conclusion 


Parasites are the most common infectious agents of humans in 
developing countries and produce a global burden of disease that 
exceeds that of better-known conditions. New insight into the 
fundamental biology and dynamics of parasite transmission, in 
addition to the mechanisms of their induced Ty2 immune 
response, has increased significantly, but more is still needed. 
Ultimately, advances in molecular and medical biology should one 
day translate into a new and robust pipeline of drugs, diagnostics, 
and vaccines for targeting parasitic worms that infect humans.’ 


SUMMARY: SCHISTOSOMIASIS 


Recent Progress 

e Novel rapid dipsticks for diagnosis 

e Novel PCR techniques for diagnosis 
e Schistosoma miRNAs for diagnosis 


Key Knowledge 

e Seven schistosomal species with different geographic distribution 
Clinical manifestations: acute, sub acute and chronic stages. 
Easy management using praziquantel 

Control strategies are crucial for possible elimination of disease. 


Future Direction 
e Trials to develop vaccines. 


SUMMARY: AMOEBIASIS 


Recent Progress 

e Entamoeba dispar as a recent potential agent to induce tissue damage 
e Easier and accurate LAMP tests to detect E. histolytica 

e Antigen detection methods and PCR techniques for diagnosis 


Key Knowledge 

e Third leading parasitic cause of death in humans 

e Commonest lesions: amoebic colitis and amoebic liver abscess 

e Diagnosis: detection of E. histolytica parasites in feces or an antibody 
response to the parasite in serum 

e Metronidazole and derivatives is used for treatment 


Future Direction 
e Simple tests to differentiate pathogenic and nonpathogenic Entamoeba 
species 
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Introduction 


The liver plays a critical role in preventing bacterial and other 
infections, especially those that arise from the gastrointestinal 
tract. The Kupffer cells clear bacteria from the portal vein and 
with the development of cirrhosis these bacteria and other patho- 
gens can enter the circulation via collaterals. The liver is an impor- 
tant immunologic organ and the development of cirrhosis results 
in an immunocompromised state, making individuals susceptible 
to a broader range of infections. This chapter covers the topics of 
bacterial infections in end-stage liver disease, pyogenic liver 
abscess (PLA), disseminated bacterial infections of the liver, bacte- 
rial infections of the liver in liver transplant recipients, and fungal 
infections of the liver. Parasitic infections including amebic liver 
abscess and granulomatous infections of the liver are reviewed 
elsewhere in this book. 


Bacterial Infections in Cirrhosis 


Bacterial infections are among the leading causes of decompensa- 
tion in patients with cirrhosis, and result in significant morbidity 
and mortality each year. Bacterial infections result in sepsis and 
death more frequently and with greater severity in cirrhosis, result- 
ing in a fourfold increase in the probability of death.’ Mostly 
Enterobacteriaceae and Streptococcus species cause spontaneous 
infections in cirrhotics. Between 64% and 73% of spontaneous 
bacterial peritonitis (SBP) cases are associated with gram-negative 
bacteria including Escherichia coli, Klebsiella pneumoniae, and to 
a lesser degree Citrobacter freundii, Proteus mirabilis, Enterobacter 
species, and Pseudomonas aeruginosa. Streptococci, Staphylococci, 
and Enterococcus species, cause approximately 23% to 40% of the 
cases and anaerobes including Bacteroides, Clostridia, and Lacto- 
bacillus are present in mixed polymicrobial infections. Bacterial 
components such as lipopolysaccharide (LPS) have been impli- 
cated in the intense inflammatory responses leading to organ 
damage, tissue destruction, and cell necrosis. Additionally, the 
degree of tissue damage caused by bacterial components is related 
to the hosts’ ability to tolerate the inflammatory response. Bacte- 
rial infections trigger a cascade of events resulting in renal failure, 
hepatic encephalopathy, coagulation failure, variceal bleeding, and 
adrenal insufficiency. As many as 57% to 70% of infected cir- 
rhotic patients meet systemic inflammatory response (SIRS) cri- 
teria, yet many are missed because of bradycardia due to the use 
of beta-blockers and the lack of leukocytosis associated with 
hypersplenism. Paradoxically, SIRS occurs in noninfected patients 
with a hyperdynamic circulatory state.” In cirrhosis, immune dys- 
function leading to increased bacterial infections is an additional 
risk factor to SBP. The combination of decreased neutrophil mobi- 
lization, phagocytic function, and reduced expression of antigen- 
presenting human leukocyte antigen—antigen D related (HLA-DR) 
molecules, production of proinflammatory cytokines, macro- 
phage chemotaxis and activation, and reduced opsonization, and 
complement levels, leaves patients vulnerable to infections.’ In 
addition, the level of immune function is further compromised 
by the use of immunosuppressive medications, malnutrition, and 
alcohol consumption. Patients with esophageal variceal bleeding 
in the setting of cirrhosis experience 2.7-fold and 1.9-fold increases 
in 6-month and 1-year mortality, respectively, due to bacterial 
infections, with pneumonia and sepsis of unknown etiology being 
most common.“ As an example of immune compromise due to 
cirrhosis, patients with Clostridium difficile infection have a sig- 
nificantly higher mortality rate compared with cirrhotics without 


C. difficile. Not surprisingly, in a study of patients with end-stage 
liver disease, those with bacteremia experienced greater mortality 
compared with healthier patients.’ 

Bacterial infections resulting in circulatory dysfunction are 
associated with a more pronounced inflammatory response in 
cirrhotics, which results in more devastating effects. Cirrhotic 
patients experience increased intestinal permeability and bacte- 
rial translocation leading to SBP and bacteremia.° In a study of 
156 cirrhotic patients with acellular ascites, detection of bacterial 
DNA in ascitic fluid and plasma correlated with a worse prognosis 
when compared with those with no bacterial DNA detection. Bac- 
terial translocation with its underlying mechanism of intestinal 
bacterial overgrowth, immune alterations, and increased intestinal 
permeability, specifically acts as a trigger for a hyperinflammatory 
state and hemodynamic dysfunction. Patients also have greater 
endothelial dysfunction and higher portal pressure in addition to 
relative adrenal insufficiency resulting in refractory shock, higher 
tisk of developing infections, and overall greater mortality.’ 

In addition, the continued use of third-generation cephalo- 
sporins over the last 20 years, increase in invasive procedures, 
exposure to nosocomial infections, and long-term norfloxacin 
prophylaxis has led to the development of multidrug resistant 
(MDR) bacteria including extended-spectrum -lactamase- 
producing Enterobacteriaceae (ESBL), Pseudomonas aeruginosa, 
Stenotrophomonas maltophilia, Acinetobacter baumanii, methicillin- 
resistant Staphylococcus aureus (MRSA), vancomycin-susceptible 
Enterococcus (VSE), and vancomycin-resistant Enterococcus (VRE), 
and more recently carbapenemase-producing K. pneumoniae. As 
a result, current recommended empirical antibiotic regimens may 
not be appropriate for the treatment of nosocomial infections in 
areas with a high prevalence of MDR bacteria." 


Pyogenic Liver Abscess 


Epidemiology 


Liver abscesses are generally divided into two categories, those 
pyogenic in nature and the others due to amebic infections. Pyo- 
genic liver abscess (PLA) has been recognized since the time of 
Hippocrates and was associated with a high mortality until the 
advent of antibiotic therapy, improved imaging modalities, per- 
cutaneous and minimally invasive procedures, and surgical drain- 
age.’ Subphrenic abscesses share the same pathogenesis as PLA 
including intraperitoneal processes, appendicitis, diverticulitis, 
perforated duodenal ulcers, anastomic leaks, or as a postproce- 
dural complication.'° 

In the United States the incidence of hospitalization for PLA 
was reported at 3.6 per 100,000 population, with a case-fatality 
rate of 5.6%, and a 4.1% annual average percent increase from 
1994 to 2005." In comparison, population-based studies in 
Canada observed an annual incidence of PLA of 2.3 per 100,000 
population.” In Denmark, the incidence rate was reported to have 
been 11.8 and 9.7 per 1,000,000 for men and women, respec- 
tively, from 1977 to 2002.” In Taiwan, the annual incidence of 
pyogenic liver abscesses increased from 11.15 per 100,000 to 
17.59 per 100,000 between 1996 and 2004. These occurred in 
the setting of diabetes, malignancy, and renal disease.'* PLA is 
generally present in individuals in their fifth and sixth decades of 
life without significant racial or ethnic differences. The elderly 
have a higher mortality along with those with cirrhosis, malig- 
nancy, and chronic kidney disease.’ In contrast to the preanti- 
biotic era where the most common cause of PLA was appendicitis 
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and diverticulitis, today it is most commonly associated with 
biliary disease or is cryptogenic in nature.” 


Etiology, Pathogenesis, and Pathophysiology 


Although a distinct pathophysiologic process has not been 
reported with PLA,” using a mouse model, Chung et al. were 
able to elucidate the role of T-lymphocytes in the development of 
liver abscess caused by Bacteroides fragilis. The researchers described 
the likely mechanisms behind the formation of liver abscess 
through activation of Kupffer cells after bacterial exposure result- 
ing in cytokine and chemokine production, which in turn acti- 
vates T cells and natural killer cells. Encapsulation then occurs by 
fibrosis through cytokine release and the employment of circulat- 
ing inflammatory cells.'° Development of PLA is usually due to 
bacterial invasion through the portal vein or direct extension from 
a contiguous neoplasm, suppurative processes or infection involv- 
ing the biliary tract. Penetrating and nonpenetrating traumas and 
bacteremia via the hepatic artery have also been well documented 
in earlier literature'’ (Figs. 40-1 and 40-2). The abscess is located 
most often in the right lobe (71.5% of cases) due to its size and 
significant portal blood flow, followed by the left lobe (15%), and 
caudate lobe (0.8%). Bilobar involvement may occur in 12.6% 
of cases with abscess size ranging from less than 5 cm (40.3%), 
5 cm to 10 cm (50.6%), and greater than 10 cm (9.1%). The 
majority of patients (67.6%) have a solitary abscess versus 32.4% 
with multiple abscesses and 9.5% with accompanying gas forma- 
tion.'® Studies in the 1970s documented changes in the presenta- 
tion of PLA including increasing age in patients, greater association 
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¢ Fig. 40-1 Common sources of pyogenic liver abscess (PLA). 


with malignancy, and a decrease in amoebic infections in the 
United States.” Additionally, the ingestion of foreign bodies 
leading to perforation and the development of liver abscesses has 
been well documented. A systematic review of 59 cases identified 
the most common foreign bodies including fish bones, tooth- 
picks, chicken bones, and, to a lesser degree, metallic foreign 
bodies.”*! 

Chronic pancreatitis leading to pylephlebitis, also referred to as 
portal pyemia or septic portal vein thrombosis, has been implicated 
as a cause of PLA.” The development of PLA has been reported 
from pylephlebitis. This was most commonly seen in the setting of 
diverticulitis and appendicitis and to a lesser extent, cholecystitis, 
cholangitis, and inflammatory bowel disease.” Bile duct proce- 
dures such as biliary enteric anastomosis, biliary stenting, and 
wide sphincterotomy performed on patients with biliary cysts and 
liver metastases have been associated with the development of liver 
abscesses especially after hepatic radiofrequency ablation or che- 
moembolization.”’ A study of Pseudomonas aeruginosa—associated 
liver abscesses indicated that a large proportion of patients with 
hepatobiliary comorbidity were diagnosed immediately following 
an intraabdominal surgical or endoscopic procedure, or those 
with a history of intraabdominal procedures. However, a third of 
the patients in the study had not undergone any invasive proce- 
dure and did not have predisposing risk factors for P aeruginosa 
infections.” Patients with autosomal dominant polycystic kidney 
disease (ADPKD) can experience infection of hepatic cysts, which 
can then become complicated by abscess formation.”° 

Studies have indicated a distinct presentation of PLA when 
associated with hepatic neoplasms. In a study of 318 patients 
diagnosed with PLA between 2000 and 2009, 29 hepatopancrea- 
tobiliary cases were identified, including cholangiocarcinoma, 
gallbladder cancer, and pancreatic cancer. Patients tended to have 
similar mean age and comorbid conditions; however, in compari- 
son with patients without malignancy, patients with malignancy 
and PLA had more hyperbilirubinemia, hepatomegaly, thicker 
wall abscess, septal lobulation, gas formation, portal thrombo- 
phlebitis, aerobilia, polymicrobial infection, and overall greater 
mortality.” In a retrospective analysis of patients admitted for 
PLA from 2004 to 2008, 12 out of 211 cases of liver abscess were 


e Fig. 40-2 Computed tomography (CT) of abdomen showing hepato- 
splenomegaly with innumerable hepatic microabscesses in a patient with 
HIV and salmonellosis. 
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found to be associated with colorectal neoplasia and as such the 
authors recommended that in patients without known underlying 
disease, a screening colonoscopy be performed.” 


Microbiology 


Numerous bacteria have been implicated in PLA and case reports 
of rare organisms are abundant in the literature. Early studies of 
bacterial causes were mostly associated with infections due to 
Escherichia coli and other Enterobacteriaceae, aerobic streptococci, 
and Staphylococcus aureus. Later studies indicated the contribution 
of anaerobes, including microaerophilic streptococci, Bacteroides, 
Fusobacterium, and Actinomyces, to PLA and highlighted the fact 
that 22% to 52% of the cases reported in the literature were due 
to mixed infections.” Brook and Frazier reported a total of 116 
isolates from 48 abscesses and found aerobic bacteria in 25% of 
the cases, anaerobic bacteria in 17%, mixed aerobic and anaerobic 
bacteria in 58% of cases, and polymicrobial infection in 79% of 
cases. The main aerobic and facultative isolates were Escherichia 
coli, Streptococcus, Klebsiella pneumonia, Staphylococcus aureus, and 
the majority of anaerobes included Peptostreptococcus, Bacteroides, 
Fusobacterium, Clostridium, and Prevotella species.” In Taiwan 
during the 1990s Streptococcus species (29.5%) and Escherichia 
coli (18.1%) constituted most of these infections." 

In 1981 the first reported cases of Klebsiella pneumoniae PLA 
associated with septic endophthalmitis, with distinct phenotypic 
and genotypic features were emerging in Taiwan.” Elderly patients 
were reported to have had lower incidence of gram-positive bac- 
teria and, in contrast to Western nations, polymicrobial infections 
with K. pneumoniae and E. coli were more common. The authors 
speculated that this was due to the lower prevalence of inflamma- 
tory bowel disease among Asian populations in comparison with 
Caucasians.“ Mortality associated with K. pneumoniae PLA is 
usually in the setting of septic shock and other complications such 
as spontaneous abscess rupture. This occurs more commonly 
among diabetics who tend to have larger size abscesses, associated 
gas formation, and left hepatic lobe involvement. The increased 
mortality is also seen in the setting of embolic events leading to 
meningitis, endophthalmitis, and abscesses involving the central 
nervous system, lungs, muscles, spleen, skin and soft tissues, 
spine, and long bones. Rare complications reported in the litera- 
ture include abscess rupture resulting in pyopericardium, subdia- 
phragmatic abscess, and bilateral endophthalmitis.” 

In 1994, the first report of K. pneumoniae liver abscess was 
reported in the United States. This was followed by reports of 
other cases in Western Europe also in patients who were not of 
Asian descent.” The distinctive pattern of K. pneumoniae strains 
associated with liver abscesses represents the invasive and meta- 
static nature of these infections, which have commonly been 
described in patients with diabetes mellitus. These infections 
are associated with serotypes K1/K2, with associated virulence 
factors, including mucoviscosity-associated gene A (magA), reg- 
ulator of mucoid phenotype A gene (rmpA), and aerobactin. 
This hypermucoviscous phenotype allows the bacteria to resist 
phagocytosis and intracellular killing.” Almost all cases of PLA 
complicated by bacteremia and extrahepatic infections are due to 
infections with K. pneumoniae serotypes K1 or K2, but not all 
infections with K1 or K2 serotypes result in PLA with extrahepatic 
manifestations. Fulfillment of both the clinical and microbiologic 
definitions of the invasive syndrome portends a poor progno- 
sis and warrants immediate and aggressive treatment.” In a 
large retrospective cohort study of patients with PLA, those with 


K. pneumoniae had a significantly higher incidence of other infec- 
tions during a 1-year follow-up period. In comparison with the 
non—K. pneumoniae cohort, these patients suffered significantly 
more lung abscesses, empyemas, renal and perinephric abscesses, 
spinal epidural abscesses, and splenic abscesses.” In a study com- 
paring the characteristics of patients with Streptococcus milleri 
(SM) to patients with K. pneumoniae—associated PLAs, those with 
SM had a higher incidence of active malignancy, were more dis- 
tinctly symptomatic (fever, chills, right upper quadrant pain), and 
had greater duration of symptoms and incidence of hepatomegaly. 
Those with K. pneumoniae suffered greater complications, includ- 
ing bacteremia, septic shock with organ failure, and metastatic 
infections. The most common cause of infection for both groups 
was underlying biliary disease.“ 

MRSA-associated PLAs have been described in patients with 
human immunodeficiency virus (HIV) and other immunodefi- 
ciency states.“! Staphylococcus aureus is implicated less commonly 
and has been reported in 7% to 10 % of liver abscesses.” A ret- 
rospective review from 2004 to 2009 of 117 patients revealed that 
the most common etiology included biliary disease and recent 
abdominal surgery in MRSA-associated PLA. Community- 
acquired MRSA PLA has been reported among young patients 
without predisposing factors, which are often associated with 
hematogenous spread from complicated skin and soft tissue infec- 
tions, injection drug use, or catheter/device-related infections.“ 

In contrast to the common bacterial causes of PLA, Pseudomo- 
nas aeruginosa infections are reported infrequently in the literature 
but have been associated with a mortality rate of 20% when 
compared with 5.3% among patients with nonpseudomonal 
PLAs.” Other causes of PLA reported in the literature include 
actinomyces, Nocardia species, Yersinia pseudotuberculosis and Y. 
enterocolitica, Listeria monocytogenes, Campylobacter jejuni, Legio- 
nella pneumophila, Mycobacterium tuberculosis, S. typhi or S. para- 
typhi, and Bartonella henselae.’ Microorganisms leading to PLA 
may be assisted by host factors such as diabetes, cirrhosis, malig- 
nancy, and acquired immunosuppression including HIV and 
inherited diseases such as chronic granulomatous disease,” 
Crohn disease,” sickle-cell disease,” and hemochromatosis.” 


Clinical Manifestations, Diagnosis, 
and Management 


The classic triad of fever, jaundice, and right upper quadrant 
tenderness is only present in a minority of patients with PLA. 
Other symptoms include malaise, fatigue, anorexia, and weight 
loss, although this can vary based on bacterial and host factors.’ 
A large retrospective review of adults with PLA indicated that 
patients were more likely to be over the age of 50 and diabetic. 
These older diabetic patients often present with jaundice, pulmo- 
nary findings, multiple abscesses, and lower albumin levels in 
comparison to the younger patients with amoebic infections.” 
PLA has a more atypical presentation among elderly patients 
where infection is more commonly present with acute respiratory 
symptoms, septal lobulation, and pneumobilia. The elderly often 
require longer courses of antibiotic therapy; have greater local 
recurrence, and mortality.“ Studies of prognostic factors in PLA 
have identified findings such as gas-forming abscesses, MDR iso- 
lates, anaerobic bacteria, elevated levels of blood urea nitrogen 
(BUN), and high APACHE II (Acute Physiologic Assessment and 
Chronic Health Evaluation II) scores at the time of admission." 

The diagnosis of PLA may be challenging due the fact that 
many patients do not present with specific symptoms. Although 
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elevations in alkaline phosphatase levels may alert clinicians to the 
presence of PLA, normal levels do not exclude the condition. In 
addition, blood cultures may be positive in only 50% of cases. 
Gram stains and cultures need to be collected from drained fluid 
while insuring timely transport of anaerobic samples under appro- 
priate conditions.” Due to its lower cost, lack of radiation expo- 
sure, greater availability, and noninvasiveness, many experts 
recommend ultrasound (US) as the initial imaging test for the 
diagnosis of PLA. US also has a sensitivity of 70% to 90% in 
making the diagnosis of PLA.” However, the role of ultrasound 
imaging has been questioned for specific situations. In a review 
of cases admitted via the emergency department, patients with 
abscesses located in Segment 8 of the liver presented more often 
with septic shock and experienced a delay in diagnosis. As such, 
computed tomography (CT) imaging is recommended if there is 
a high index of suspicion for PLA even in the setting of a negative 
ultrasound. In addition, contrast-enhanced CT scanning has a 
sensitivity of 95% and it can assist with interventional drainage 
procedures.'””” CT images may also provide clues to the etiology 
and type of organism involved. A study comparing CT image 
findings in K. pneumoniae—associated liver abscesses to liver 
abscesses associated with other bacterial pathogens indicated that 
the presence of a thin abscess wall, necrotic debris, metastatic 
infection, and the absence of biliary disease could predict K. 
pneumoniae—associated abscesses with a specificity of 98.6% when 
at least three of the four criteria were present." Triphasic enhanced 
multislice CT has also shown greater sensitivity in comparison 
with sonography. The CT imaging may be visualized in two 
phases including a presuppurative and suppurative phase where 
images become delineated and indicate the presence of a capsule. 
Magnetic resonance imaging (MRI) is an additional imaging tool 
that can assist with the detection of biliary obstruction as the 
underlying cause of PLA“ (Figs. 40-3 and 40-4). Other diagnostic 
tools reported in the literature include 18-F-fluorodeoxyglucose 
(FDG) positron emission tomography (PET). PET has been 
studied in the diagnosis of infected hepatic cysts in patients with 
ADPKD and has been found to be useful. This is because con- 
ventional imaging may not be able to distinguish hemorrhage 
from infection.” 


Once the microbiologic diagnosis has been made, general rec- 
ommendations for the treatment of PLA include 2 to 3 weeks of 
intravenous antibiotic therapy followed by conversion to oral 
therapy for a 4 to 6 week course, although shorter durations have 
been recommended in the literature. Documentation of clearance 
of infection is recommended and may be confirmed by close clini- 
cal and imaging follow-up.” In a study of 107 patients with PLAs 
of less than 3 cm, a success rate of 100% was achieved when 
patients were treated with antibiotics alone. Additional studies 
have reported similar success rates but may have been subjected 
to selection bias. Several experts have recommended that antibi- 
otic therapy alone should be reserved for those with small abscesses 
that cannot be appropriately drained or in those who the expected 
rate of complication is high, until better patient selection guide- 
lines become available. The topic of MDR organisms will be 
addressed in the transplant section of this chapter. However, in 
2006, the first patient without comorbid conditions or previous 
hospitalization was diagnosed with CTX-M-15 ESBL-producing 
K. pneumonia-—associated liver abscess, raising the possibility of 
future increases in community-acquired liver abscess.“ 

Whereas antibiotic therapy is the mainstay in the treatment of 
PLA, drainage of abscesses greater than or equal to 5 cm result in 
faster and more successful resolution. Drainage can occur via 
nonsurgical methods, such as percutaneous needle aspiration 
(PNA) or percutaneous catheter drainage (PCD). However, a 
surgical approach, including open surgery (OS) and laparoscopic 
drainage (LD), may be required in the setting of a ruptured 
abscess, associated biliary disease, intraabdominal disease, or 
uncontrolled sepsis. A meta-analysis of five randomized con- 
trolled trials (RCTs) from 1998 through 2013, covering 306 
patients, indicated that PCD was superior to PNA with regard to 
clinical improvement and time required to obtain a 50% reduc- 
tion in cavity size. The rates of complications were reported to 
have been similar and the advantage in PCD was apparent in 
abscesses with large cavities that required frequent drainage.” 
Studies investigating the role of laparoscopic surgery (LS) versus 
OS in the treatment of PLA due to biliary disease have indicated 
that LS may be efficacious in select patients and has similar 
outcome to OS. In this report, no significant differences were 


e Fig. 40-3 Magnetic resonance imaging (MRI) of abdomen showing left 
hepatic lobe intrahepatic abscess in a patient with emphysematous 
cholecystitis. 


e Fig. 40-4 Magnetic resonance imaging (MRI) of the abdomen showing 
multiple hepatic abscesses in the right hepatic lobe in a patient with 
Streptococcus intermedius bacteremia. 


1:7 cl ONAA Liver and Other Infections 


found with regard to operation time, intraoperative blood loss and 
transfusion, postoperative complication rate, abscess recurrence, 
or overall mortality between these two modalities, whereas hospi- 
tal stay was shorter with LS.“ Finally, complete surgical resection 
may be indicated in the setting of rupture, multiloculation, and 
associated biliary or intraabdominal disease.” Recent studies have 
evaluated the use of inflammatory markers because there are few 
prognostic tools available to assess the resolution of infection after 
completion of drainage and antimicrobial therapy. One study 
identified C-reactive protein (CRP) as an independent factor in 
the determination of successful antibiotic therapy for postpercu- 
taneous drainage of PLA.” 


Peliosis Hepatis 


Wagner published the first case of peliosis hepatis (PH) in 1861, 
which he described as a vasculoproliferative disorder of the liver. 
Schoenlank first introduced the term peliosis hepatis in the litera- 
ture, mostly in association with tuberculosis. Later, Zak described 
the unique appearance of the liver with multiple cystic blood- 
filled cavities. The pathogenesis of PH is not known. Trigger 
events, such as vascular alterations with parenchymal damage, 
have been proposed as a mechanism. Its association with Myco- 
bacterium tuberculosis and Bartonella henselae in the setting 
of acquired immunodeficiency syndrome (AIDS) is well- 
documented. Additionally, there have been case reports of PH 
associated with Hansen disease and S. aureus tricuspid valve endo- 
carditis, as well as noninfectious etiologies.” In recent literature, 
PH is defined as the vascular proliferation of sinusoidal hepatic 
capillaries resulting in blood-filled cavities, which may be found 
in the spleen, lymph nodes, lung, pleura, stomach, ilium, kidneys, 
adrenal gland, and bone marrow.” 


Disseminated Bacterial Infections 
With Involvement of the Liver 


Several disseminated bacterial infections are associated with 
involvement of the liver in both healthy and immunosuppressed 
individuals. Cat-scratch disease (CSD) associated with Bartonella 
henselae infection resulted in 36 such cases with hepatosplenic 
abscesses in a group of immunocompetent adults. Liver biopsies 
revealed necrotizing granulomatous hepatitis, and nonspecific 
chronic hepatitis. The majority of patients were clinically cured 
and most received less than 2 weeks of oral azithromycin.” Vibrio 
vulnificus infections have been well documented in patients with 
advanced liver disease. Infections with V vulnificus are often fatal 
in patients with liver disease due to the dysregulation of systemic 
iron metabolism.” In a study of mice infected with V vulnificus, 
bacterial growth was hastened through the utilization of iron in 
reducing the phagocytic activity of neutrophils.” An autopsy 
report of five patients indicated a correlation with the consump- 
tion of raw seafood a day before the onset of illness. Three of the 
patients had known cirrhosis and two had alcoholic-associated 
liver disease. Autopsies of the five patients revealed portal hyper- 
tension and gastrointestinal mucosal changes with edema, hemor- 
rhagic necrosis, and lymphocyte infiltration. One patient with 
HIV presented with phlegmonous colitis, which the authors 
believe to be the first case of concurrent phlegmonous enteroco- 
litis and V vulnificus infection. Biopsies of skin lesions of the lower 
extremities revealed nonspecific acute inflammation of the dermis 
with vasculitic changes and the presence of gram-negative bacilli 


in the dermis. Treatment usually consists of a combination of a 
tetracycline with a third-generation cephalosporin.” 

Syphilis is a sexually transmitted infection (STI) caused by 
Treponema pallidum. Syphilis results in dissemination of spiro- 
chetes during the secondary phase of infection, which infect the 
liver. Feher et al. reported 17 cases of syphilitic hepatitis with clin- 
ical, biochemical, immunological, and pathologic descriptions.”° 
The majority of cases displayed evidence of hepatitis with focal 
necrotic inflammation in the lobules of the liver with proliferative 
pattern in central veins, arterioles, and portal veins. Identifica- 
tion of spirochetes is not a consistent histologic finding.”’”” This 
process is different from the presentation of gummas in the liver, 
which are associated with tertiary syphilis.” In a study of syphilitic 
hepatitis in patients with HIV disease, high rapid plasma reagin 
(RPR) titers correlated with higher cluster of differentiation (CD) 
4* T lymphocyte counts, which were attributed to the robust 
inflammatory response resulting in liver damage. The authors 
noted significant elevation of alkaline phosphatase levels, often 
out of proportion to transaminase levels, and minimal elevation of 
bilirubin levels.” In another study of patients with early syphilis, 
39% had liver enzyme abnormalities and 2.7% of them were diag- 
nosed with syphilitic hepatitis.® Penicillin is considered first-line 
therapy in the treatment of all stages of syphilis.” 

Coxiella burnetii is an obligate intracellular gram-negative bac- 
terium. It is the zoonotic agent of Q fever, which can be transmit- 
ted through the inhalation of aerosols from contaminated urine, 
feces, milk, or birth products. Infection can result in jaundice, 
nausea and vomiting, and right upper-quadrant abdominal pain. 
Rare cases of hepatic and splenic abscesses have been reported in 
the literature." Additionally, it is associated with granulomatous 
hepatitis. Brucellosis is a zoonosis caused by microorganisms of 
the genus Brucella, an intracellular parasite of the reticuloendo- 
thelial system. It is gram-negative, immobile, unencapsulated, and 
an obligate aerobic coccobacillus. The four species causing human 
infections include Brucella abortus, Brucella melitensis, Brucella 
suis, and Brucella canis. Contact with the source animal results in 
infection through the skin or mucous membranes, or ingestion 
of contaminated unpasteurized dairy products.**™ Brucellosis 
commonly affects the liver and is associated with hepatomegaly 
with mild to moderate elevation of liver enzymes in 2% to 3% 
of patients.’ Brucelloma is an abscess caused by the bacteria 
affecting 1.7% of patients and is often associated with a chronic 
stage of this disease, although reported in both acute or subacute 
stages of brucellosis. The abscess most commonly forms in the 
liver but may affect the spleen or liver and spleen.” In a large 
series of patients, histopathologic evaluation revealed a range of 
findings including nonspecific inflammatory cellular infiltrates, 
nonspecific hepatitis, hepatic granulomas, clusters of mononu- 
clear cells, lymphocytes, plasma cells, multinucleated giant cells, 
and, in two patients, fibrosis with central necrosis. Acute presen- 
tation of PLA with brucellosis has been reported, although the 
chronic form of the disease is more common. Chronic, hepa- 
tosplenic, suppurative brucellosis was associated with the pres- 
ence of calcium densities in abscesses. Treatment usually consists 
of doxycycline for acute infections." Leptospirosis is a zoonotic 
infection caused by bacterial spirochetes of the genus Leptospira. 
Humans are incidental hosts and become infected through expo- 
sure to water or soil contaminated with the urine of animals or 
indirect exposure to the bacteria in soil or water.” The disease 
features a wide spectrum of presentations from self-limited or 
asymptomatic infection to severe life-threatening infection with 
multiorgan involvement. Weil disease is a distinctive form of 
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disease that results in renal and hepatic dysfunction. The patho- 
genesis has not been fully elucidated but immune mediation, 
toxin production, and direct tissue damage have been proposed 
by several authors.” Unlike viral hepatitis, conjugated serum bili- 
rubin levels can increase out of proportion to the serum trans- 
aminases and patients may experience a prolonged period with 
jaundice. However, death due to liver failure is unusual in the 
absence of renal failure.’ Early pathologic descriptions of the liver 
included subcapsular hemorrhage, vascular injury, and destruc- 
tion of the architecture of the liver followed by cell injury resulting 
in necrosis in some cases. On autopsy, hepatocyte degeneration, 
hypertrophied Kupffer cells, cholestasis, erythrophagocytosis, 
and infiltration of mononuclear cells have been described. Treat- 
ment for mild infections includes doxycycline, azithromycin, or 
amoxicillin. 

In 1920, Carlos Stajano first described Fitz-Hugh-Curtis syn- 
drome (FHCS) with its association of adhesions occurring between 
the liver capsule and anterior abdominal wall in women with prior 
salpingitis. Its pathogenesis may be related to hematogenous, 
direct, or lymphatic infection of the liver capsule due to an 
immune-mediated process to Chlamydia trachomatis and Neisseria 
gonorrhoeae. The disease results in inflammation of the perihepatic 
capsule without hepatic parenchymal involvement. It occurs more 
commonly in women with pelvic inflammatory disease (PID).*”””° 
Disseminated gonococcal infection caused by N. gonorrhea affects 
1% to 3% of patients with gonorrhea and has been associated 
with bacteremia and PLA.” Treatment guidelines for these infec- 
tions are updated on a regular basis by the Centers for Disease 
Control and Prevention (CDC). 

Listeria monocytogenes is a motile gram-positive bacillus trans- 
mitted by fecal-oral route and has been associated with sporadic 
disease and food-borne outbreaks in immunosuppressed, preg- 
nant, elderly, diabetic, and very young patients. Liver involvement 
is rare and uncommon presentations have included SBP, hepatitis, 
and, PLA.” In large reviews of L. monocytogenes SBP cases in cir- 
rhotic and noncirrhotic patients, those with cirrhosis consistently 
presented with fever and abdominal pain.”*” The original theo- 
ries on macrophages functioning as the principal effector cells in 
listeriosis have recently been challenged. In a new experimental 
model, a fraction of bacteria escape the antimicrobial activity 
of neutrophils by intracellular multiplication in hepatocytes. It 
was further found that Kupffer cells were not responsible for 
the majority of phagocytosis and that bacteria were cleared by 
immigrating neutrophils.” Braun et al. reported 15 cases and 
described three distinct patterns of liver infection in L. monocyto- 
genes. This included solitary liver abscess, multiple liver abscesses, 
and hepatitis. Solitary liver abscesses were reported in diabetics 
and had a more favorable course than multiple liver abscesses. 
Hepatitis is the other presentation of this infection, which is 
accompanied by fever and significant elevation in transaminases, 
and is often also accompanied by bacteremia and meningitis. 
Ampicillin is the antibiotic of choice for the treatment of Listeria 
infections.” 

Mycobacterium tuberculosis (TB), the causative agent of tuber- 
culosis, has been associated with infections involving every organ. 
Hepatobiliary tuberculosis (HTB) is uncommon and isolated 
hepatic tuberculosis is even more rare. A review of 14 patients 
over a 10-year period included five cases of isolated hepatic and 
biliary involvement and nine cases with multiorgan involvement 
representing an annual incidence ranging from 0.0% to 1.05% 
of all TB infections. Most of the cases were initially thought to 
have been malignancy resulting in a delay in diagnosis. Only 


29% of the patients in this study had findings consistent with 
pulmonary TB with an overall mortality of 14% due to delay 
in presentation and diagnosis.” Mixed pyogenic infections with 
tuberculosis have been reported in the literature, although isolated 
hepatic abscess due to TB is rare.” A combination of isoniazid 
(INH), rifampin (RIF), ethambutol (EMB), and pyrazinamide 
(PZA) is the most common regimen used in the treatment of 
tuberculosis. 


Miscellaneous Bacterial Infections 


Other infections involving the liver include nontuberculosis myco- 
bacteria, clostridia, actinomyces, meliodosis, shigellosis, legionel- 
losis, ehrlichiosis, borreliosis, and staphylococcal and streptococcal 
toxic shock syndromes. 


Conclusions 


Bacterial infections in patients with end-stage liver disease con- 
tribute to significant morbidity and mortality. Continued efforts 
are needed to elucidate the underlying role of the immune system 
in these infections and eliminate factors that increase risk of infec- 
tion. PLA and disseminated bacterial infections of the liver con- 
tinue to be present due to the aging of the population and 
changing environmental and host factors. The increasing fre- 
quency of MDR organisms will make the management of these 
patients increasingly difficult. Preventative measures, rapid diag- 
nostic tools, and new therapeutic modalities are needed to address 
these challenges. 


Bacterial Infections in Liver 
Transplant Recipients 


Infections in liver transplant (LT) recipients are a major cause of 
morbidity and mortality. Bacterial infections represent approxi- 
mately 70% of all infections whereas viral and fungal infections 
represent 20% and 8%, respectively.””'®' The incidence of bacte- 
rial infections in the first year after LT ranged from 14.1% to 
67.9%, depending on the series.'°*'°* Almost half of the bacterial 
infections occur in the first 60 days after transplant and may be 
nosocomial or caused by the patient’s normal flora, however, 
donor-derived infections can occur. Bacterial infections among LT 
recipients can be broadly divided into intraabdominal infections 
(IAIs), which include superficial and deep surgical site infections 
(SSIs), biliary tract infections (BTIs), and organ/space infections, 
blood stream infections (BSIs), urinary tract infections (UTIs), 
pneumonia, and others. For the purpose of this chapter we will 
be discussing IAI. 


Risk Factors for Bacterial Infections 


LT recipients are among the highest risk population for bacterial 
infections compared with other solid-organ transplant recipients 
because surgeries are usually more complicated by preexisting 
coagulopathy and the manipulation of the enteric and biliary 
tracts. The majority of postoperative complications are a result 
of technical difficulties, the most challenging of which is biliary 
duct reconstruction. A number of risk factors have been identified 
and their association studied. The risk factors can be divided as 
follows: (a) transplantation/surgical factors; (b) recipient factors; 
and (c) donor factors (Table 40-1).’” It appears that adequately 
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treated infections in the recipient before transplantation are not 
associated with increased risk for posttransplant infections and do 
not affect survival outcome in LT recipients'”° including patients 
who underwent living-donor LT (LDLT) due to acute-on-chronic 
liver failure.” Posttransplantation patients who required renal 
replacement therapy for greater than 30 days had increased rates 
of bacterial infections, 53% versus 29%, in patients who did not 
need renal replacement. Mortality was increased regardless of 
duration of renal replacement. "°° 


Genetic Polymorphism as Risk Factors for 
Bacterial Infections in LT Recipients 


Solid-organ transplant recipients have their immune system iat- 
rogenically suppressed to prevent allograft rejection. In general, 
infection risk is dependent on the so-called net state of immu- 
nosuppression. LT infection risks in recipients are hypothesized 
to be affected by polymorphisms in genes coding for the innate 
immune system proteins. Most of the molecules involved in the 
function of the innate immune system are synthesized in the liver. 
Therefore the genetic maps of both the donor and the recipient 


may play an important role, as well as key molecular components 
of the immune system. Lectins are molecules that recognize carbo- 
hydrate motifs on microorganisms and contribute to activation of 
the innate immune system. Examples of lectins are the mannose- 
binding lectin (MBL) and ficolins, which play a role in activa- 
tion of the complement system. Single-nucleotide polymorphisms 
(SNPs) in the genes coding for the lectin molecules result in the 
liver synthesizing dysfunctional or reduced levels of the respective 
proteins. It was shown that MBL deficiency or defect in donors is 
associated with increased risk for clinically significant infections 
in LT recipients. Additionally, the risk was incremental in a dose- 
dependent manner based on the number of those genetic variants 
in the liver graft. 

Toll-like receptor 4 (TLR4) is another key molecule for the 
detection of lipopolysaccharides on the walls of gram-negative 
bacteria and in eliciting the systemic inflammatory response to 
gram-negative sepsis. One of its roles is also to assist in bacterial 
clearance. It was therefore thought that SNPs in genes coding for 
this protein would dampen the response to gram-negative infec- 
tions and increase infection risk by not clearing the organism. 
However, a study of a cohort of approximately 700 LT recipients 
in the Mayo Clinic did not show a significant prevalence differ- 
ence in having SNPs for TLR4 between recipients who developed 
gram-negative infections and those who did not. There was no 
significant difference in outcome including mortality between 
recipients who possessed the variant and those who did not.” 
Toll-like receptor 2 (TLR2) senses gram-positive bacterial cell wall 
constituents such as peptidoglycan and lipoteichoic acid. They 
then signal activation of defense pathways in the innate immune 
system. Similar to TLR4, it was believed that SNPs in the genetic 
code for TLR2 protein would increase risk for gram-positive 
infections. The same cohorts of patients from Mayo Clinic were 
studied but there was no prevalence difference in the presence of 
the TLR2 R753Q SNP between recipients who developed gram- 
positive infections and those who did not.''® These observations 
imply that the human immune system is more complex than what 
is usually individually studied in in vitro studies. 


Immune Tolerance in Liver Disease’? 

The concept of liver immune tolerance was derived from experi- 
ences with liver transplantation in mouse models where it was 
shown that other organ grafts from unrelated donors were rejected 
unless immunosuppression was provided but unrelated liver grafts 
were more tolerated by the recipient. Because the liver is always 
exposed to self, antigens, and microbial products originating from 
intestinal bacteria in the blood and gastrointestinal tract, it has 
adapted a bias towards immune tolerance through local and sys- 
temic effects. The liver acts as a secondary lymphoid organ and 
locally and transiently activates CD8+ T cells. Unless rescued by 
CD4+ T cells, CD8+ T cells undergo apoptosis. When antigens 
are presented locally in the liver by antigen-presenting cells (APCs) 
the response is more biased towards immunosuppression and 
dampening of CD4+ T cell activation, which in turn leads to 
stunned or exhausted CD8+ T cells. There are other roles that 
antigen-presenting cells play in liver immune tolerance, including 
stimulation of regulatory T cells (Treg cells). Treg cells are signifi- 
cantly involved in liver tolerance and suppress CD4+ and CD8+ 
T cell function. There is evidence of their abundant presence in 
liver allografts in mouse models and in human allografts after an 
episode of rejection. Whereas immunological tolerance may 
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contribute to the reduction of infections after transplantation, 
tolerance to an allograft may lead to inappropriate responses to 
organisms that are latently present in the liver." 


Surgical Site Infections 


The Centers for Disease Control and Prevention categorized the 
SSIs into superficial, incisional, deep incisional, and organ/space 
SSIs.“ However, studies have rarely reported incidence rates 
using standardized definitions. The overall rates of SSI vary from 
20.2% '* up to 39%!” and are affected by surgical practices in 
transplant centers, antibiotic prophylaxis, immunosuppression, 
and study design. Patients who develop post-LT SSIs are hospital- 
ized for longer (including longer intensive care unit [ICU] stays), 
incur higher medical costs, and have higher rates of graft loss.” 
Organ/space SSIs affect survival, as indicated in a multicenter trial 
showing an incidence of 11.6% and a significant association with 


death and graft loss. "°° 


Post-Liver Transplant SSIs 


Risk factors for SSIs, which include organ/space infections, are 
largely related to transplantation/surgical complications and 
recipient factors. A postoperative hospital stay of greater than 21 
days was associated with the highest risk of infection in a retro- 
spective analysis of 367 LT recipients." Reoperation carried the 
second-highest risk. In the same study, other risk factors were 
identified as postoperative ICU stay of greater than 6 days, intra- 
operative hyperglycemia, presence of a vascular graft, preoperative 
hospital stay of more than 7 days, and duration of anesthesia. 
Another study compared incidence of SSIs that occurred in two 
periods of time: the pre-MELD (Model for End-stage Liver 
Disease) era (2002-2006) and post-MELD era (2007-2011). The 
MELD score is used as an allocation score on the transplant list 
beginning in 2007.' The authors found an initial increase in 
incidence in the year 2007 with a subsequent decline to pre- 
MELD rates in the year 2008. Their findings suggested that other 
factors, such as renal impairment or being on dialysis pretrans- 
plant, increase the risk for SSIs (in other words, higher MELD 
scores). The authors also found a significant association between 
SSIs and retransplantation, intraoperative blood transfusion, cold- 
ischemia time, and cytomegalovirus (CMV) infection. 


Biliary Tract Infections and Post-Liver 
Transplant Biliary Complications 


Biliary tract infections are particularly common in LT recipi- 
ents and constitute up to 38% of all bacterial infections.''” They 
are especially common in the first year posttransplantation with 
incidence rates ranging from 3.5% to 11.5%,''”'”° although 
some studies reported increasing incidence of BT Is up to 5 years 
post-LT.''® BTIs manifest as cholangitis, biliary leaks, or infected 
bilomas. Post-LT cholangitis occurs when bacteria ascend into the 
biliary tree either related to the type of biliary reconstruction or 
secondary to the development of biliary strictures. Gram-positive 
bacteria including Enterococcus species and Staphylococcus species 
are more common in the first month post-LT. Once patients are 
exposed to multiple antibiotics, gram-negative bacteria includ- 
ing Enterobacteriaceae and nonfermenters such as Pseudomonas 
aeruginosa become common after 6 months.'”’ In another cohort, 
stenting increased the rate of gram-negative organisms.'” Biliary 


complications are common in the first year posttransplant and 
incidence ranges from 5% to 35% with higher incidence in LDLT 
recipients compared with deceased-donor liver transplantation 
(DDLT).'*'” They can be classified into cholangitis, biliary 
leak, bilomas, choledochal stricture formation, and choledocholi- 
thiasis. Blood type incompatibility, CMV infection, and hepatic 
artery complications were independent risk factors for post-LT 
biliary complications.'** Other technical issues such as insufficient 
sutures, kinking, small duct sizes, and surgeon's inexperience lead 
to higher biliary complications. Additionally, prolonged surgery 
times, increased arterial ischemia time, and greater transfusions 
of blood correlated with higher incidence of biliary complications 
after transplantation using end-to-end duct-to-duct anastomosis 
with T-tube as the method of biliary reconstruction.'”° 


Biliary Reconstruction 


Biliary reconstruction has been referred to as the Achilles tendon 
of liver transplant surgery. The two most common types of surgi- 
cal biliary reconstruction techniques are choledocholedochostomy 
(CC) and choledochojejunostomy (CJ), also known as hepatico- 
jejunostomy or Roux-en-Y. In the CC technique, the anastomosis 
is made between the recipients common bile duct and the graft’s 
common bile duct, which maintains the function of the sphincter 
of Oddi. In the CJ technique, the graft’s bile duct is connected 
to a loop of jejunum in the recipient bypassing a sphincter system 
and allowing enteric organisms to ascend into the biliary tract. 
There is variability between transplant centers regarding the choice 
of anastomosis used, and this is affected by a number of factors, 
including size of donor/recipient organ, presence of sclerosing 
cholangitis in recipient, duct size, presence of split or whole graft, 
and history of prior surgeries or transplant. Due to the loss of the 
sphincter system, it is believed that higher incidence of cholangitis 
occurs in patients who underwent CJ (Roux-en-Y biliary anasto- 
mosis) compared to CC. On the other hand, the incidence of 
stricture formation was higher in end-to-end CC anastomosis, 
especially with a small duct size (< 4 mm), but approximately two 
thirds were successfully managed by endoscopic procedures. There 
is more evidence pointing towards the safe use of end-to-end CC 
anastomosis in LDLT, which used to be avoided in those types of 
transplants, 412719 


Biliary Strictures 


Biliary strictures usually occur later in the post-LT course com- 
pared to biliary leaks and they are classified into anastomotic 
strictures (ASs) or nonanastomotic strictures (NASs). NASs are 
usually secondary to hepatic artery thrombosis'””'*? or ischemic- 
type choledochal epithelial cell injury causing fibrosis. It has been 
shown that there is an association between cold ischemia time 
and early biliary strictures. °? Anastomotic stricture formation 
has been associated with poor donor organ factors and bile leaks 
at the site of anastomosis.'*''’ LT recipients with cholangitis or 
biliary strictures may have asymptomatic laboratory abnormalities 
or present with mild symptoms. Diagnosis in a timely manner is 
important and imaging modalities vary in their sensitivity and 
specificity. If ultrasound examination is inconclusive and clinical 
suspicion remains, a CT scan can be obtained to assess nonvas- 
cular complications, biliary leak, and adjacent organs.'*’ Direct 
imaging using T-tube cholangiography or endoscopic retrograde 
cholangiography (ERC) and percutaneous transhepatic cholan- 
giography (PTC) are superior and are still considered the gold 
standard, although they are associated with significant compli- 
cation rates.” Magnetic resonance cholangiography (MRC) is 
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an alternative for diagnostic purposes in patients who have low 
probability for biliary complications and/or not candidates to 


undergo ERC or PTC.’ 


Infected Biloma 


Bilomas are bilious collections that are either intrahepatic or 
parahepatic and have the propensity to get infected either due 
to bacterial ascent, bacteremia, or T-tube colonization. Intrahe- 
patic bilious collections are more common (67%) and are 
usually multiple.'*' Mortality is increased in LT recipients who 
develop bilomas compared to those who do not. Similarly, rate 
of graft loss is increased in these individuals. They are usually a 
result of ischemic injury either due to hepatic artery thrombosis 
leading to hepatic necrosis or due to other ischemic insults causing 
bile duct lesions. Parahepatic bilomas are usually secondary to 
anastomotic bile leak. Presentation is subtle and includes fever 
and abdominal pain. One third of patients were asymptomatic 
and two thirds had persistently abnormal liver levels of liver 
enzymes.” 

A CT scan can make the diagnosis of infected biloma. Percu- 
taneous aspiration of the collection is needed to isolate and 
culture the causative organisms (Figs. 40-5 and 40-6). Approxi- 
mately 16% will have bacteremia at the time of biloma diagno- 
sis.” Interventional-driven management has been utilized more 
successfully as opposed to surgical procedures except in select 
cases. Percutaneous drainage coupled with prolonged antibiotic 
therapy provides success. Antibiotic therapy should be tailored to 
the isolated organism(s). Endoscopic stenting will be required in 
cases where there is communication with the biliary tree.'*! 
Microbiologic data showed that the most commonly isolated 
organisms are gram-positive bacteria in the following order: 
enterococci (37%) and coagulase-negative staphylococci (26%). 
Gram-negative bacteria (Enterobacteriaceae and P aeruginosa) 
were cultured in 16% of infected bilomas.'*°'*” 


e Fig. 40-5 Computed tomography (CT) of the abdomen showing pneu- 
mobilia and infected bilomas in a liver transplant recipient. 


Bile Leak 


Sites of bile leak include anastomosis, T-tube insertion sites, or 
cut surfaces of cystic ducts or partial liver grafts. Most cases occur 
in the first month of the posttransplant course. Older reports 
showed an increased risk for complications among the groups of 
patients who had a T-tube insertion compared to those who did 
not (75% vs. 14.8%).'°°'*” However, the use of T-tube drainage 
system did not appear to affect infection risk based on the findings 
from a recent meta-analysis.” The American Society of Trans- 
plant Surgeons (ASTS) guidelines suggest the use of T-tube after 
deceased-by—cardiac death (DCD) transplantation to decrease the 
incidence of biliary complications.” 


Multidrug Resistant Bacterial 
Infections in LT Population 


MDR organisms have become a global concern in all patient 
populations including LT recipients.“ The awareness of this leads 
to the use of broad-spectrum antibiotics, which creates a vicious 
cycle. Pretransplant colonization with MDR pathogens occurs 
because recipients usually have a history of multiple hospital 
admissions before transplant and frequent use of antibiotics. 
MDR pathogens can also be transmitted between transplant can- 
didates or recipients in transplant units, which heightens the 
importance of infection control practices in those situations. “° 

MRSA infections usually occur in the first month posttrans- 
plant and pretransplant colonization is an important risk factor. 
Infections are commonly catheter-associated, surgical site, and 
deeper space infections, and pneumonia.'“” The incidence rates of 
VRE are center-dependent. The most common sources of infec- 
tion include bile, peritoneal fluid, urine, and blood. Infections 
can occur later than MRSA infections (first 2 months posttrans- 
plant). Surgical complications or biliary tract manipulation are 
risk factors for VRE infections. VRE infections are associated with 
increased mortality in LT recipients. '*° 

The emergence of MDR gram-negative bacterial (MDR-GNB) 
infections in the LT population is growing, especially in the first 
6 months postoperatively. In recent reports, MDR-GNB has been 


e Fig. 40-6 Follow-up computed tomography (CT) of the abdomen in the 
same liver transplant recipient with continued ischemic biliopathy and 
multiple infected bilomas due to vancomycin-resistant enterococci. 
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isolated in approximately 58% of all gram-negative bacterial 
infections. “! Infections with MDR-GNB negatively affect 
post-LT outcomes by lengthening hospital and ICU stays, increas- 
ing the need for endotracheal intubation and increasing mortality 
due to GNB infection. “' 

The use of broad-spectrum antibiotics for a long period of 
time, higher MELD score, and encephalopathy (grade I-IV) 
prior to transplant surgery increases the risk for MDR-GNB 
infections. “! A more complicated and lengthy operation, higher 
blood loss, and use of packed red blood cell transfusion were 
associated with MDR-GNB infections post-LT. Acute rejection 
and the presence of indwelling catheters increase the risk for 
MDR-GNB infections as well.'*! 

Nonfermenter gram-negative bacteria tend to be more resis- 
tant and probably more pathogenic in immunocompromised 
hosts. A retrospective study from China’ found that most were 
nosocomial infections and occurred early after transplant. A risk 
factor was the presence of renal impairment after transplantation. 
Almost half of the infections were in the blood stream. The most 
common organisms were Acinetobacter baumannii, then Stenotro- 
phomonas maltophilia and P aeruginosa. There were 12 deaths in 
the 31 recipients (48.9%) who developed infections due to these 
organisms. MDR P aeruginosa infections are reported in up to 
18% of nosocomial infections. Optimal treatment is challeng- 
ing and often requires a combination of two or three classes of 
antibiotics. “° 

A serious healthcare concern in LT recipients is the rise of 
carbapenem-resistant Klebsiella pneumoniae (CR-KP), which is 
associated with more treatment failure and increased mortality 
and morbidity. Treatment options are limited and potentially 
more toxic. Therefore, development of strategies that prevent 
transmission and assist in early recognition of infections are criti- 
cal in order to administer appropriate antibiotics in a timely 
manner. On the other hand, the overuse of antibiotics in colo- 
nized patients might select extremely resistant organisms. A recent 
prospective observational study from Italy'® found that the rates 
of CR-KP infection among noncolonized patients, patients colo- 
nized at the time of LT, and those who acquired colonization after 
LT were 2%, 18.2%, and 46.7%, respectively. They also found 
that prior treatment with antibiotics, especially carbapenems and 
fluoroquinolones, significantly increased risk for CR-KP infec- 
tions post-LT. The same study found that CR-KP rectal coloniza- 
tion was a significant risk factor, and moreso if acquired post-LT. 
Other independent risk factors in colonized patients were renal 
replacement therapy post-LT, mechanical ventilation greater than 
48 hours, and histologic evidence of hepatitis C recurrence. 
Routine screening for CR-KP colonization is controversial but is 
beneficial in an outbreak situation as shown in a retrospective 
review of patients who received LT during a CR-KP outbreak in 
Germany and demonstrated higher rates of infections and higher 
mortality.“ 


Fungal Infection Prophylaxis in 
Liver Transplant Recipients 


Fungal infections of the liver are discussed in a later section. In 
this section, prophylaxis against fungal infections in the liver 
transplant population is discussed. 

The incidence of systemic fungal infections in LT recipients 
has been reported to be up to 16.5% with an 80% mortality 


rate.“ The two most common fungal infections are invasive can- 
didiasis and invasive aspergillosis. Identifying patients at highest 
risk for fungal infections and providing appropriate prophylaxis 
is important. 


Candida Species 


The most common invasive fungal infection in the solid-organ 
transplant (SOT) population is caused by Candida, accounting 
for almost 50% of invasive fungal infections. The infection usually 
occurs early within the first 3 months posttransplant. LT recipi- 
ents are among the highest risk population along with small-bowel 
and pancreas transplant patients. Risk factors for invasive Candida 
infections in SOT include acute renal failure, recent CMV infec- 
tion, surgical reexploration, primary graft failure, and early colo- 
nization. “° Surgical techniques affect risk such that LT recipients 
who undergo CJ are at higher risk than patients who had CC.“ 
According to the American Society of Transplantation (AST) 
guidelines,“ all adult LT recipients who are at risk for invasive 
Candida infections should receive prophylaxis. This includes 
recipients with two or more of the following risk factors: pro- 
longed or repeat operation, retransplantation, renal failure, high 
transfusion requirement, choledochojejunostomy, and Candida 
colonization. 

Fluconazole is used as the agent for prophylaxis for LT recipi- 
ents at high risk unless the recipient is also at risk for Aspergillus 
in which case an antifungal with Aspergillus activity should be 
used. Optimal duration is not well defined but, according to the 
authors, prophylaxis for 4 weeks or for as long as risk factors are 
persistent is reasonable. Other agents that can be used and have 
been shown to be efficacious in reducing the risk for invasive 
Candida infections are amphotericin-B and echinocandins. 
However, the risk of development of resistant organisms while on 
or after being on these agents needs to be considered. 


Aspergillus Species 


The risk for invasive aspergillosis in the LT population is signifi- 
cantly increased with two major risk factors: renal failure and the 
need for renal replacement therapy and _retransplantation.'*® 
CMV infection, allograft rejection, and primary allograft failure 
are also risk factors for Aspergillus infections.'*”'”’ Prophylaxis is 
usually targeted to the high-risk subset of LT recipients. Because 
the majority of invasive aspergillosis infections occur in the first 
month after transplant, prophylaxis is provided for the early 
post-LT course. The use of lipid formulations of amphotericin-B 
(or echinocandins) for the initial hospital stay or for the first 
month after transplantation have been suggested in the AST 
guidelines.’ There are no data on prophylaxis using other azoles, 
such as voriconazole, because of the potential medication interac- 
tion involving the immunosuppressant agents. 


Cryptococcus Species 


Cryptococcosis follows candidiasis and aspergillosis as the third most 
common invasive fungal infection affecting SOT. The onset is 
usually later than the former two infections occurring within the 
first year post-LT. The AST™™ does not recommend routine anti- 
cryptococcus prophylaxis in SOT because specific risk factors or 
subpopulations have not been defined. Secondary prophylaxis for 
recipients with prior cryptococcal infection who require an 
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increase in immunosuppression is recommended. Reinduction 
and consolidative therapy is recommended if recipients are under- 
going retransplantation. 


Coccidioidomycosis 


Coccidioidomycosis is an infection caused by the dimorphic 
fungi, Coccidioides immitis and Coccidioides posadasii. It is endemic 
to the Southwest United States, Northern Mexico and parts of 
Central and South America. The risk of infection among SOT 
recipients residing in endemic regions in the absence of prophy- 
laxis was reported to be 7% to 9%. The infection is more severe 
in SOT recipients and carries high mortality and morbidity.” 
The risk is greater in persons with past history of infection or 
positive serology at the time of transplant. Transplant clinicians 
must obtain history of travel to or living in endemic regions in 
transplant candidates and history of prior infection. There are no 
established guidelines on optimal prophylaxis dose and duration 
but the most common practice is the use of fluconazole prophy- 
laxis in recipients who had a history of coccidioidomycosis infec- 
tion or have positive serology at the time of surgery. Lifelong 
prophylaxis is used if the infection was recent or developed post- 
transplant. Blair et al. recently reported data that support the use 
of 12 months of universal antifungal prophylaxis for liver trans- 
plant recipients living in endemic regions. '”’ 


Pneumocystis (jiroveci) Pheumonia 


Despite a decrease in incidence owing to the widespread use 
of prophylaxis, Pneumocystis (jiroveci) pneumonia (PCP) remains 
a major infection in the SOT population. Patient groups at 
highest risk are lung transplant or combined lung-heart transplant 
recipients. Risk factors include chronic or recurrent CMV infec- 
tion, use of prolonged corticosteroids at doses of greater than 
20 mg/day for greater than 2 weeks, graft rejection requiring 
significant increase in immunosuppression or use of antilympho- 
cyte therapy, and prolonged neutropenia. Prophylaxis is indicated 
for all SOT for at least 6 to 12 months posttransplantation with 
consideration for longer prophylaxis in recipients with the risk 
factors mentioned earlier.'"' 

Trimethoprim-sulfamethoxazole (TMP-SMX) is the first line 
prophylaxis agent, and the doses used for prophylaxis are not com- 
monly associated with toxicities or adverse events. Other second 
line agents include atovaquone, dapsone, and pentamidine. 

In conclusion, continued efforts should be in place to improve 
operative techniques, shorten the duration of endotracheal intu- 
bation and presence of indwelling catheters postoperatively, and 
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use broad-spectrum antibiotics judiciously to reduce risk for infec- 
tions with MDR organisms. Strict implementation of infection- 
control practices such as hand hygiene and cleaning of medical 
supplies and equipment is important in all settings. 


Commonly Encountered Fungal 
Infections of the Liver 


Fungal infections of the liver arise in most cases through two 
routes: (1) blood flow through the portal vein with its watershed 
comprising the entire abdominal contents (this includes flow 
through the umbilical vein to the left portal vein in neonates); 
and (2) direct ingress from damaged or blocked hepatobiliary 
channels. The first route, via the portal vein system, is the most 
common. Infrequently, fungi may enter the liver through the 
hepatic artery during disseminated infection or through a trau- 
matic wound to the liver. Fungal infections of the liver may take 
the form of an abscess, often multiple, and occur in characteristic 
clinical settings for each fungal species. For example, Candida spp. 
infections characteristically lead to multiple abscesses in the liver 
following prolonged periods of neutropenia in patients treated for 
acute leukemia where fungi enter the portal circulation through 
mucosal breaks in the intestine.” In contrast, Histoplasma capsu- 
latum enters the host following inhalation of microconidia into 
the lung, which form yeasts that enter the arterial circulation 
within monocytes and macrophages, eventually parasitizing 
Kupffer cells. This gives rise to widespread granuloma formation 
in the liver leading to a heterogeneous hepatomegaly as seen on 
CT scan as opposed to discrete abscesses. 


Pathogenesis of Liver Disease: 
the Bloodborne Route 


Bloodborne fungi giving rise to a liver abscess is characteristic 
of neonates in the ICU with umbilical vein catheterization. Two 
fungal infections occur in this setting (Table 40-2). Candidiasis 
is encountered most often.” Less frequently seen is infection 
with Malassezia furfur. Both of these infections arise because 
of contamination of the umbilical intravenous catheter, often 
at the hub site or within the lumen of the catheter. Fungi are 
introduced from the hands and skin of adult caregivers. They 
adhere to the catheter surface, form a protective biofilm and from 
there continuously seed the portal vein. Candida parapsilosis and 
C. albicans are common pathogens in pediatric ICUs where they 
can cause endocarditis, other endothelial foci of infection, and dis- 
crete liver abscesses.” The liver is a very effective filter of microbes 


Neonate Candida spp., especially C. parapsilosis Contamination of umbilical catheter 
Malassezia furfur Intravenous infusion of lipids 
Children Candida spp., Aspergillus species Chronic granulomatous disease (other common pathogens include Staphylococcus aureus) 


Adult Candida spp. 
Aspergillus spp. 


Chronic hepatosplenocandidiasis following neutropenia; < 180 days following liver transplant 
Posttransplant infection, often disseminated 
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that enter through portal blood. For example, when C. albicans 
yeasts are perfused through the portal vein into rabbit, mouse, 
and rat livers, approximately 20% of the yeasts are killed and over 
90% of yeasts are trapped and cleared,'” for the most part by 
Kupffer cells.'”° 


Candida Species 


Liver abscesses occur following prolonged neutropenia in patients 
treated for acute leukemia. Cytoxic chemotherapy causes epithe- 
lial erosions in the gastrointestinal tract allowing entry of microbes 
into the blood stream. These patients also receive broad-spectrum 
antibiotics, the prolonged use of which reduces the microbial 
taxa within the gastrointestinal lumen to perhaps as few as 
five genera, namely Candida spp., Pseudomonas aeruginosa, 
Staphylococcus aureus, Enterococcus faecium, and resistant Entero- 
bacteraceae.'"’ Candida enters breaks in the mucosa, gains 
access to the portal venous system and eventually arrives at the 
liver. Liver infection is clinically silent initially, and is not sus- 
pected until there is a return to normal white blood cell counts 
when an inflammatory reaction is mounted. The host response 
gives rise to the entity known as chronic hepatosplenic candidiasis 
and may only become evident 1 month or more after the initial 
fungal invasion (mean time of 48 days after beginning of 
therapy).'** Chronic hepatosplenic candidiasis typically initiates a 
granulomatous host response with form fruste fungi within the 
granuloma, in other words, misshapen damaged yeast cells, 
germ tubes, and pseudohyphae.'* Candida albicans is the most 
common Candida isolate found in deep-seated infections but 
other species are frequently encountered and may have different 
susceptibility patterns, such as C. glabrata, C. parapsilosis, C. tropi- 
calis, and C. krusei. Candida and Aspergillus spp. are occasionally 
the cause of liver abscesses in patients with chronic granulomatous 
disease. °’ 

Bloodborne M. furfur is usually associated with culture- 
negative sepsis in the neonate or adult receiving intravenous lipid 
preparations.” Thrombocytopenia can be pronounced, liver and 
spleen are enlarged, and repeated blood cultures fail to culture a 
microorganism unless blood cultures are “spiked” with lipids. The 
lipids must possess more than 12 carbon atoms, such as olive oil, 
as the fungus cannot synthesize long-chain lipids. The yeast has a 
characteristic heel-and-sole configuration with a collarette and 
grows on culture plates overlaid with olive oil. In older patients, 
catheter-related sepsis with M. furfur can occur in the absence of 
use of intravenous lipids.’ M. furfur is part of the normal micro- 
biota of the adult pilosebaceous unit, causes tinea versicolor in 
some individuals, and is likely the cause of steroid-induced acne. '®' 
In the neonate, contamination of the umbilical catheter by adult 
caregivers provides M. furfur direct access to the portal vein and 
hence to the liver. 


Endemic Mycoses 


Two endemic fungi, Histoplasma capsulatum and Coccidioides 
immitis/posadasii, reach the liver through the arterial circulation. 
Both of these fungi enter humans following inhalation into the 
lung of the fungal propagules, microconidia and arthroconidia, 
respectively. H. capsulatum yeasts are engulfed by alveolar cell 
macrophages, entering these cells via the complement receptor, 
C3R.' Yeasts are trafficked intracellularly throughout the body 
within macrophages until such time as cell-mediated immunity 
entraps them in granulomas. H. capsulatum can occasionally 


be seen in peripheral blood smears within monocyte or mac- 
rophages in patients with disseminated disease. Liver involve- 
ment with disseminated H. capsulatum is the rule rather than 
the exception. For unknown reasons, elderly males are subject to 
dissemination years after initial infection, presenting with char- 
acteristic gastrointestinal ulcerations, hepatosplenomegaly, and 
adrenal failure. Biopsy of the liver in these patients demonstrates 
granulomas with histocytes and macrophages filled with small 
yeasts that are 2 to 3 um in diameter and can be confused with 
Leishmania spp. 

It is likely that C. immitis/posadasii undergoes intravascular 
metastasis from the lung in the form of endospores released from 
mature spherules. (The spherule is the pathognomonic form of 
the fungus in disease.) When disseminated coccidioidomycosis 
occurs it usually involves skin, meninges, and paraspinal disease, 
although liver and abdominal cavity involvement does occur 
infrequently.’ Granulomas, sometimes caseating, are found in 
the liver parenchyma containing spherules ranging in size from 
15 to 50 um. Spherules vary in degree of maturation with some 
rupturing and “spilling” endospores. 


Pathogenesis of Fungal Liver Disease 


Fungal infections of the liver may results from direct ingress to 
the liver from damaged or blocked hepatobiliary channels or fol- 
lowing orthotopic liver transplant. How much fungal liver disease 
can be ascribed to this mechanism is unknown. Obviously, in rare 
patients with common duct stones and Candida liver disease this 
is the likely mechanism of infection.'™ In liver transplant with its 
disruption of the duct system this pathogenetic mechanism seems 
reasonable, however, patients are also heavily immunosuppressed. 
They are also on broad-spectrum antibiotics for prolonged periods 
of time preceding and following transplant, a setting where 
Candida spp. would be present in the gut and enter the liver 
through the portal vein (see discussion of Candida spp. earlier). 
Liver infection usually begins within 2 weeks to 2 months after 
transplant. Post-LT abscesses are often associated with hepatic 
artery thrombosis and biliary stricture.'°° 


Diagnosis of Fungal Liver Disease 


Diagnosis of fungal hepatitis or fungal liver abscess requires biopsy 
for proof of disease. Blood cultures may grow the fungus and in 
the appropriate settings (see earlier) it may be safe to assume that 
the liver process is due to the fungus recovered from a blood 
culture. Silver binds to fungal cell wall chitin and Gomori methe- 
namine silver (or Grocott) stains demonstrate fungal elements in 
tissue. A culture of biopsied tissue yields the fungus. An exception 
to the rule of recovering fungi from liver tissue on culture is the 
entity of chronic hepatosplenic candidiasis where culture can be 
negative. 


Treatment of Fungal Liver Disease 
Treatment is individualized for each fungus (Table 40-3). The 


single fungicidal agent is amphotericin B that is given only intra- 
venously. Use of lipid formulations of amphotericin B are pre- 
ferred due to reduced renal toxicity. A number of oral and 
intravenous azoles are available and susceptibility varies. Echino- 
candins are also effective for treating some fungi and are available 
only for intravenous use. 


ki Ves) ONAA Liver and Other Infections 


ABLE 
ees Therapy of Fungal Liver Abscess 


Malassezia furfur Amphotericin B (lipid formulation) 


Remove catheters 


Candida albicans and most 


other species (lipid formulation), echinocandins 


Fluconazole, voriconazole, amphotericin-B 


If patient extremely ill or chronic heptosplenic candidiasis, 
amphotericin B (lipid formulation); remove catheters 


Histoplasma capsulatum 


Amphotericin B (lipid formulation); itraconazole 


A frequent accompaniment of disseminated 
histoplasmosis, especially with HIV/AIDS 


Coccidioides immitis/posadasii 


Fluconazole; amphotericin B (lipid formulation) 


Very uncommon cause of liver abscess 


Cryptococcus neoformans/gattii 


Fluconazole; amphotericin B (lipid formulation) 


Very uncommon cause of liver abscess/hepatitis 


SUMMARY 


Recent Progress 

e The use of percutaneous drainage of liver abscesses has increased in 
the recent years. It has been comparable to surgical drainage with 
regard to morbidity and mortality. 

e Antifungal prophylaxis for high-risk liver transplant recipients is 
commonly employed in most transplant centers. 

e Amyloid on the surface of fungi may dampen the host response to these 
microorganisms by binding serum amyloid P component. 

e A detection system called 72 Candida panel uses magnetic resonance 
and can provide a rapid diagnosis by the sensitive and specific detection 
of Candida in whole blood. 


Key Knowledge Gaps 
e Appropriate selection of patients who have improved outcome when 
compared with surgical drainage. 


Conclusion 


Fungal infections of the liver continue to result in devastating 
infections in both healthy hosts and immunosuppressed individu- 
als. Continued research in prevention, diagnosis, and treatment 
of invasive fungal infections is paramount with increasingly 
immunosuppressed populations, greater use of interventional and 


e Further studies are required to address duration and selection of 
efficacious antifungal agents to be used for prophylaxis. 

e The interaction of fungal amyloid and host immune cells needs to be 
elucidated. 

e {tis unknown at this point what the appropriate clinical settings are for 
this technology. 


Future Directions 

e Noninvasive diagnostic and therapeutic modalities in the management of 
pyogenic liver abscesses. 

e Improved antifungal prophylactic strategies based on the sensitivity 
profile of local fungal pathogens and drug costs. 

e |f fungal amyloid does change the host response, serum amyloid P 
component can be removed by use of competitors. 

e Utilization of rapid, specific and sensitive tests for fungi remains a goal 
for the management of invasive fungal infections. 


surgical procedures, environmental factors, and resistance to anti- 
fungal agents. 
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ABBREVIATIONS 


AIH autoimmune hepatitis 

ANA antinuclear antibody 

ANCA antineutrophilic cytoplasmic antibody 
CARD10 caspase recruitment domain family member 10 
CTLA-4 cytotoxic lymphocyte antigen-4 

DILI drug-induced liver injury 

ELISA enzyme-linked immunosorbent assay 
ENA extractable nuclear antigen 

LC liver cytosol 

LKM liver kidney microsomes 

MHC major histocompatibility complex 

PBC primary biliary cholangitis 

SLA/LP soluble liver antigen/liver pancreas 
SLE systemic lupus erythematosus 

SMA smooth muscle autoantibody 

SNP single nucleotide polymorphism 

TCR T-cell receptor 


Introduction 


Autoimmune hepatitis (AIH) is an inflammatory disease of the 
liver due to an aberrant immune response directed against liver 
tissue. As with all other autoimmune diseases, the exact patho- 
genesis of the aberrant immune response in the liver is not really 
understood and is likely to be a combination of genetic predispo- 
sition, environmental triggers, and chance. Though the triggers 
and mechanisms of the autoimmune response are unknown, auto- 
immune hepatitis is one of the liver diseases for which diagnosis 
and appropriate treatment has a dramatic effect on patient well- 
being and long-term prognosis. 

There is considerable variability in the clinical spectrum of the 
disease, ranging from very mild subclinical disease to fulminant 
acute liver failure. The disease can affect all age groups and seems 
to occur in all ethnic groups and geographic regions. Early clinical 
trials have demonstrated convincingly that whereas untreated 
AIH has a poor prognosis, immunosuppressive therapy has a very 
high response rate and improves prognosis considerably. Recog- 
nizing and diagnosing AIH is thus important, but often remains 
a challenge. Timely treatment is important to the patient's overall 
prognosis, but individual treatment decisions can be complex, 
often requiring expert care. 
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History and Epidemiology 


AIH was first described by Waldenström in 1950 as a disease in 
young women characterized by jaundice, high y-globulins, and 
amenorrhea, causing liver cirrhosis.’ A number of similar case 
reports followed rapidly, and positivity in the lupus erythematosus 
cell test,” an early test for antinuclear antibodies, was described. 
In 1956, Mackay coined the term /upoid hepatitis, >" which was 
used for many years.’ A therapeutic response to corticosteroids 
was observed already in the early 1950s by several clinical inves- 
tigators,” as was early relapse after withdrawal of corticosteroid 
therapy. This lead to the introduction of combination therapy 
with azathioprine in the 1950s, a therapeutic approach which is 
still the cornerstone of immunosuppressive therapy of auto- 
immune hepatitis. As concepts of autoimmunity became more 
familiar in both basic and clinical immunology, the condition was 
soon called autoimmune hepatitis —in early years also autoimmune 
chronic active hepatitis, a term that was later dropped in view of 
the fact that some patients suffer from very acute primary mani- 
festations of the disease. 

Incidence and prevalence of AIH have only been investigated 
in a few studies, but together with case series these studies give a 
fairly reliable picture. Whereas AIH used to be considered a rare 
disease occurring primarily in young women, the median age at 
diagnosis of the disease is now older than 45 years in almost all 
studies.”'° The most recent survey based on the Danish health 
registry database’’ (Fis ) shows the peak incidence at older 
than 60 years of age in both men and women. Women are still 
affected somewhat more often. The same study provided good 
evidence that AIH, as with other autoimmune diseases, is rising 
in both incidence and prevalence. It is still a relatively rare disease 
with estimated incidence rates of approximately 15 to 25 inhabit- 
ants/100,000 in the Western world. Particularly high incidence 
rates have been reported in North American Aboriginal/First 
Nations populations. Incidence rates seem to be very much 
dependent on physician awareness and the diagnostic approach. 
Whereas for a long time AIH was thought to be common in 
Japan and very uncommon in China, increased awareness of 
the condition in China and the availability of immunoserologic 
testing has led to the detection of large groups of Chinese patients 
with AIH.” 


Genetic Factors in Disease Pathogenesis 


Genetic predisposition is an important factor in the pathogenesis 
of AIH. The genetic risk is primarily related to the HLA 
haplotype. The strong association of AIH with the haplotype 
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e Fig. 41-1 Age- and sex-standardized incidence rates (SIR) of auto- 
immune hepatitis in Denmark. '' 


Peptide 


e Fig. 41-2 MCH II molecule and its interaction with a CD4 T cell. MHC, 
Major histocompatibility complex; TCR, T-cell receptor. The antigen- 
presenting cell (blue) is presenting the antigenic peptide (pink) to the CD4 
T cell (green). For proper stimulation of the T cell, a number of costimula- 
tory molecules as CD40/CD40L, CD70/CD27, CD80/CD28 and cytokine 
signals are necessary. 


A1-B8-DR3 was described particularly in Caucasian populations 
soon after the first characterization of the disease'®'’ and has since 
been repeatedly confirmed.*'*!? The common A1-B8-DR3 hap- 
lotype is associated with various autoimmune conditions, yet the 
association with AJH is particularly strong and is primarily related 
to the DR3 locus. More specific genetic testing in the molecular 
age defining the DR3 locus more precisely as DRB1*0301 has 
confirmed this association, and gives strong hints towards the 
pathogenesis of the disease. The HLA class II locus, of which the 
DRB1*0301 locus is a particular subtype (haplotype), shapes the 
peptide-binding groove of the MHC class II complex, which 
binds (usually foreign) peptides to present them to T cells. CD4- 
positive T cells recognize their specific antigen as short peptide 
chains together with specific MHC class II molecules (Fig. 41-2). 
The strong association of AIH with the DRB1*0301 haplotype 
thus suggests that a specific peptide is bound to the DRB1*0301- 
encoded MHC class I molecule and recognized by (auto) reactive 
T cells within the liver. One would expect that this peptide is only 


CHAPTER 41 Autoimmune Hepatitis 


present in liver cells and thus presented to the immune system 
specifically in the liver, where stimulation of peptide-reactive T 
cells then causes inflammation and tissue destruction. It has been 
shown for two major autoantigens, namely CYP2D6 and SepSecS, 
that these antigens are expressed ubiquitously within the human 
body, therefore either peptide processing or antigen recognition 
is different within the liver in patients affected by ATH. It has been 
speculated that the break of tolerance is mediated by external 
factors such as trivial infections or haptens that may induce toxic- 
ity and thereby lead to immune stimulation. 

The association with DRB1*0301 is very strong but is not 
the only association of specific MHC class II genetic loci and 
AIH. Whereas patients carrying the DRB1*0301 haplotype are 
found to be younger and suffer from more severe forms of AIH, 
many other patients, in particular most of those negative for 
DRB1*0301, have been found to be positive for another MHC 
class II haplotype originally defined as HLA-DR4, and later more 
specifically genetically characterized as DRB1*0401 in Europe” 
and DRB1*0405 in Japan.” Patients with AIH carrying either of 
these two DR4 haplotypes and negative for the DR3 haplotype 
have been found to be older than the DR3 (DRB1*0301)-positive 
patients” and suffer from a milder form of AIH.” This association 
is particularly often found in Japan, where the majority of patients 
is thus older and suffers from a fairly mild, yet still progressive and 
potentially serious disease. Notably, these two MHC molecules 
share a 71K amino acid polymorphism, which most likely is 
responsible for the epitope-binding sequence. It therefore seems 
likely that these two molecules bind to similar peptides. In South 
America, the DRB1*1301 locus (HLA-DR13) was found to be 
strongly associated with susceptibility to the disease, especially in 
children.” The varying genetic associations suggest that various 
antigenic peptides might trigger the disease, but as all very strong 
associations are related to MHC class II molecules, the hypothesis 
of a disease mediated by antigen-specific CD4-positive T cells is 
strongly supported by these indirect data. 

In addition to associations with various HLA haplotypes, 
genetic association studies have also been able to identify further 
genetic risk factors. These are much weaker than the associations 
with MHC genes by a factor of approximately 1 to 1000, yet are 
statistically significant and reproducible, thus giving further clues 
towards the pathogenesis of the disease. Almost all other genetic 
associations that have been described thus far are with genes 
encoding other molecules of immunoregulatory function. Thus a 
particular variant of the CD152 molecule, better known as the 
cytotoxic lymphocyte antigen-4 (CTLA-4), an important costimula- 
tory molecule for T cells, has been found to be associated with 
AIH. There are conflicting data concerning the relevance of par- 
ticular variants of the CD152 molecule, better known as the 
cytotoxic lymphocyte antigen-4 (CTLA-4), an important costimula- 
tory molecule for T cells.” In a large genome-wide association 
search study’ HLA DRB1*0301 and DRB1*0401 could be con- 
firmed as the strongest genetic associations. Other associations 
such as a single nucleotide polymorphism (SNP) in the Scr 
homology 2 adaptor protein 3 (a negative regulator of T cell 
activation) and the SNP in the gene of caspase recruitment 
domain family member 10 (CARD 10), which is associated with 
inflammation, point towards dysregulation of the immune system. 

The importance of the immune system in AIH pathogenesis is 
also visible in patients with mutations in the AIRE gene (a gene 
coding for a transcription factor inducing central immune toler- 
ance) leading to a complex form of autoimmune disease, includ- 
ing the presence of AIH in the vast majority of these patients. 
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Immune Diseases and the Liver 


In clinical practice, HLA testing is dispensable, though it 
may help in scientific trials in understanding pathogenesis of the 
disease. 


Other Factors in Disease Pathogenesis 
AIH is a CD4 T cell-dependent disease. Not only are CD4 T 


cells present in the inflammatory infiltrates on liver biopsy, 
but also the strong linkage to certain MHC II molecules and 
the fact that for two cloned antigens (CYP2D6 and SepSecS) 
autoantigen-specific CD4 T cells have been visualized.” The 
role of T-reg cells in AIH is controversial. Whereas in children 
T-reg cells seem to be decreased in number and function,” this 
finding cannot be seen in adult AIH patients.” 

Plasma cells and other cells from the B-cell lineage do not seem 
to play a key role in AIH, as rituximab is only effective in a small 
proportion of patients. Infections causing hepatitis have been 
accused of the break in tolerance in susceptible patients as have 
been a number of medications such as tielinic acid. 

Given that substances targeting IL-17, such as ustekinumab, 
are not effective in AIH and that current treatment is targeting 
THI cells, AIH is not, as previously assumed, a TH17- but rather 
a TH1-driven disease. 


Association With Other Autoimmune Diseases 


As the predisposing HLA genotypes are shared with many other 
autoimmune diseases, it is not surprising that a number of other 
autoimmune diseases occur more commonly in AIH patients. 
Importantly, a close association with autoimmune thyroid diseases 
has been described”' and should prompt the physician to routinely 
test thyroid function in this patient cohort. Other associated 
autoimmune diseases include rheumatoid arthritis and Sjögren 
syndrome. There are numerous case reports of associations with 
other autoimmune diseases. Therefore, both in initial history 
taking and during follow-up, doctors managing patients with AIH 
should be watchful for the presence of new manifestation of other 
autoimmune conditions. The presence of non-organ specific 
autoantibodies such as antinuclear antibodies in most AIH 
patients may point towards a generally greater susceptibility 
towards other autoimmune diseases, but may also make it more 
difficult to diagnose associated autoimmune diseases, as in this 
situation these antibodies are no longer markers of rheumatoid or 
connective tissue autoimmune disease. 


Animal Models of Autoimmune Hepatitis 


Several small animal models have been established to better 
understand the pathogenesis of autoimmune hepatitis. Applica- 
tion of syngeneic liver homogenate emulgated in complete Freund 
adjuvant or concanavalin A, a plant lectin leading to T cell activa- 
tion and recruitment of activated T cells to the liver, leads to acute 
hepatitis in susceptible mice. However, in these animal models of 
autoimmune hepatitis, inflammation is restricted to a rather short 
postinterventional period and is therefore not suitable for study- 
ing chronic autoimmune hepatitis, including long-term immun- 
regulation or fibrogenesis. Other models have tried genetic 
alterations similar to those seen in patients with mutations in the 
AIRE gene. Similar to AIRE mutations in men, only a proportion 
of mice are affected by hepatitis. In contrast to chemically induced 
hepatitis, this hepatitis is characterized by features similar to 
human AIH with autoantibodies, and a chronic progressive 
course, that can be ameliorated by the application of steroids.” A 
number of other mouse models have been developed—all of these 


share significant changes in the expression of immunoregulatory 
genes such as Forkhead BoxP3 and programmed cell death-1” or 
TRAF6 (a modulator of epithelial thymic cells). Adenovirus deliv- 
ery of known autoantigens to the liver also leads to hepatitis in 
susceptible mouse strains. This has for example been described for 
formiminotransferase cyclodeaminase™ and liver kidney micro- 
somes (LKMs).*° 

Small animal models are suitable to examine immune mecha- 
nisms leading to breaking of tolerance in the liver. So far, however, 
no convincing mouse model of chronic autoimmune hepatitis 
that could be used to test the effectiveness of alternative treatment 
strategies is available. 


Clinical Presentation 


The clinical spectrum of AIH is very wide. In general, there are 

three different forms of clinical presentation: 

1. Acute icteric hepatitis 

2. Oligosymptomatic mild to moderate chronic disease 

3. Asymptomatic and therefore unrecognized disease mostly diag- 
nosed late with “cryptogenic” cirrhosis 

In view of the wide spectrum of clinical presentations of AIH, the 

diagnosis of AIH needs to be considered in any patient with 

symptoms or signs of liver disease, no matter if acute or chronic. 

Acute icteric hepatitis is the initial disease presentation in 
approximately one third of cases.” The clinical picture may 
be very similar to acute viral hepatitis starting with generalized 
malaise and fatigue, often associated with mild to moderate 
arthralgia and abdominal discomfort. Occasionally, patients may 
present a history of previous attacks of spontaneously resolv- 
ing periods of jaundice and/or arthralgia and fatigue, and this 
may in the past have been misinterpreted as acute viral liver 
disease or drug-induced liver injury. Such a fluctuating course 
is quite characteristic of autoimmune hepatitis and may lead to 
delays in diagnosis, as the nonspecialist may interpret spontane- 
ous recovery phases as indicators of other, transient causes of liver 
diseases. Occasionally severe, life-threatening acute presentations 
(fulminant hepatic failure) occur” requiring high-urgency liver 
transplantation. These severe presentations are more typical in 
childhood” and can be observed as early as the first year of life, 
but are extremely rare beyond age 30. Nonetheless, acute icteric 
hepatitis as clinical presentation of AIH occurs in all age groups 
in somewhat similar frequency. Whereas in young children acute 
AIH is often misinterpreted as acute viral disease, in older patients 
the disease is often misinterpreted as acute drug-induced liver 
injury. Some of the patients with acute icteric hepatitis as first 
clinical presentation may already have had subclinical AIH prior 
to their clinical presentation resulting in liver cirrhosis” and may 
therefore display extrahepatic signs of cirrhosis such as spider nevi, 
teleangiectasia, palmar erythema and leukonychia. In women, 
amenorrhea may have been present prior to clinical presentation, 
as was described in the very first cases observed in the 1950s. Some 
patients may report abdominal discomfort or right upper quad- 
rant pain, similar to other forms of inflammatory liver disease, in 
particular viral hepatitis, presumably due to liver swelling in the 
course of marked inflammatory infiltrates. 

More than half of all ATH patients have no specific symptoms 
at the time of diagnosis and may even be completely asymptom- 
atic. General fatigue and malaise, sometimes also mild arthralgia 
may be reported, as may be loss of libido, amenorrhea or infertil- 
ity. Increasingly, at least in countries with well-established health- 
care systems, the disease is first detected by abnormal liver enzymes 


WAE Associated Autoimmune/Immune- 
[iii Mediated Diseases 
Hashimoto thyroiditis 
Graves disease 
Vitiligo 
Alopecia areata 
Rheumatoid arthritis 
Diabetes mellitus 1 
Inflammatory bowel disease 
Psoriasis 
Systemic lupus erythematosus 
Sjogren syndrome 
Celiac disease 
Panniculitis 
Mononeuritis 
Urticaria pigmentosa 
Sweet syndrome 
Idiopathic thrombocytopenic purpura 
Polymyositis 
Hemolytic anemia 
Uveitis 


on a routine blood test taken for other clinical indications or for 
a general or occupational health checkup. Furthermore, AIH is 
not infrequently associated with other immune-mediated disease, 
and raised liver enzymes may be detected as part of the diagnostic 
workup of the associated autoimmune disease. Indeed, auto- 
immune disease both in the personal history of the patient and 
in the family history may be an important clue to the susceptibil- 
ity towards autoimmune liver disease and should be asked for 
systematically in the workup of any patient with liver disease of 
unknown cause (Table 41-1). 

Finally, AIH may manifest for the first time with decompen- 
sated cirrhosis in a patient not previously aware of suffering from 
liver disease. In fact, approximately one third of all patients with 
AIH already have cirrhosis at the time of diagnosis.“ This propor- 
tion is even higher in children (approximately 50%),*' in whom 
the nonspecific symptoms of liver disease such as malaise and 
fatigue may go unnoticed or be considered part of the individual 
child’s personality. In some of these patients it may be difficult to 
make a reliable diagnosis because the disease is already “burned 
out” and the characteristic laboratory and serologic features are 
no longer present. Usually a liver biopsy will still show character- 
istic features, but in a few cases typical histologic features are also 
no longer present. These patients are then classified as cryptogenic 
cirrhosis. Whereas the diagnosis remains obscure in some, in others 
careful follow-up will reveal flares of disease activity and thus allow 
a definite diagnosis. 


Laboratory Features 


Patients with AIH show a hepatitic picture on their liver biochem- 
istry: raised alanine transaminase (ALT) and aspartate transami- 
nase (AST) levels predominate with varying degrees of elevation 
of y-glutamyl transpeptidase (GGT) and alkaline phosphatase. 
Any degree of transaminase elevation can be observed: whereas in 
acutely presenting cases ALT and AST levels of more than 300 IU/ 
mL are generally measured, in very acute and fulminant cases 
levels may be much greater than 1000 IU/mL. On the other hand, 
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in subclinical disease only mildly elevated transaminase levels may 
be present, and even normal levels can be observed, usually in the 
upper half of the normal range. In comparison to other inflam- 
matory liver disease, glutamate dehydrogenase (GLDH)-levels are 
usually more elevated, but at the same time GLDH levels are 
much lower than in vascular or acute toxic liver injury. 

The most characteristic laboratory hallmark in ATH is an eleva- 
tion of IgG levels that is present in more than 90% of cases.“ 
Very characteristically, it is usually a highly selective but polyclonal 
IgG elevation (i-e., with normal levels for IgA and IgM). In many 
patients, IgG levels are markedly elevated and levels higher than 
50 g/L can sometimes be observed. In the few patients in whom 
IgG levels are normal at the time of diagnosis, these are almost 
always within the upper range of normal and then fall upon 
treatment to levels within the lower range of normal or even 
subnormal—in other words, these patients probably have geneti- 
cally low levels of IgG and they show a relative elevation of their 
IgG levels, which is still within the very wide normal laboratory 
range. Whereas the majority of AIH patients have this very char- 
acteristic selective elevation of IgG levels, in some patients IgA 
and/or IgM may also be elevated, and this should always alert for 
the presence of either advanced cirrhosis (with its generalized 
hypergammaglobulinemia), or of other coexistent liver disease, 
especially cholestatic liver disease (mostly primary biliary cholan- 
gitis [PBC]) in case of IgM elevation. 

Many patients show a polyclonal elevation of y-globulins, most 
likely as a result of elevated IgG levels in these patients. Especially 
in patients with IgG levels within the normal range, an elevation 
of y-globulins can be helpful and can be used in addition to 
determination of IgG not only in diagnosis but also in monitoring 
of disease activity. 

In acute presentations, AIH patients are usually jaundiced and 
bilirubin levels may be quite high. Depending on the severity of 
the acute liver injury, coagulopathy may also be present—and the 
degree of coagulopathy defines the degree of liver failure in 
patients with very severe and fulminant acute disease. 

Viral hepatitis should be excluded when making a diagnosis of 
AIH,” but occasionally the two conditions may coexist. This is 
particularly the case in populations with a high prevalence of viral 
hepatitis such as South East Asians for hepatitis B or Egyptians 
for hepatitis C. Therefore, presence of markers of viral hepatitis do 
not completely preclude the diagnosis of AIH, but should lead to 
a careful assessment, especially if the liver disease cannot be fully 
explained by viral hepatitis, to determine whether two coinciden- 
tal diseases are present. It should be mentioned that secondary 
immune activation in viral hepatitis, both acute and chronic, can 
sometimes lead to similar immunologic phenomena as in auto- 
immune hepatitis, such as IgG elevation and autoantibodies. 

The marked elevation of IgG levels in many patients with AIH 
may lead to false-positive results in immunoassays for viral anti- 
bodies, and therefore serologic assay results need to be viewed 
critically. This is particularly the case in patients with very high 
IgG levels. However, as IgM levels tend to be normal in AIH, 
false-positive serology results are unlikely to include IgM antibod- 
ies, and therefore interpretation of serologic results in patients 
with high IgG levels should concentrate on the IgM results. 


Autoantibodies 


Autoantibodies are a characteristic hallmark of AIH and can be 
found in almost all patients.’°“° However, the autoantibody 
profile may be heterogeneous and, except for antibodies against 
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the so-called soluble liver antigen/liver pancreas (SLA/LP), which 
are highly specific for AIH, the autoantibodies associated with 
ATH can also be found in other conditions, in particular immune- 
mediated diseases.“ Furthermore, laboratory detection of autoan- 
tibodies is very much dependent on the techniques used and the 
experience of the individual laboratory, thus providing a further 
diagnostic challenge. The diagnostic value of autoantibodies in 
suggesting and supporting the diagnosis of AIH therefore requires 
careful evaluation. 

The most common autoantibodies in AIH are antinuclear anti- 
bodies (ANAs) and smooth-muscle autoantibodies (SMAs), which 
each are found in approximately 50% to 70% of patients, and 
can coexist. Antibodies against SLA/LP can be found in approxi- 
mately 20% of patients, approximately half of which also have 
ANAs or SMAs, whereas the others are negative for these autoan- 
tibodies. In up to 10% of children with ATH and in less than 3% 
of adults with AIH the only autoantibody detectable shows an 
immunofluorescence staining pattern in liver and kidney tissue 
with a microsomal intracellular pattern, therefore called Zver- 
kidney-microsomal autoantibodies, abbreviated as LKM (Fig. 41-3, 
A). LKM-positive patients usually do not have other autoantibod- 
ies, and for this reason and for the different age distribution with 
mainly pediatric or young adult patients often with rather aggres- 
sive disease, LKM-positive AIH has often also been named type 2 
AIH. In rare cases, type 2 AIH is not characterized by LKM 
antibodies, but by autoantibodies showing a similar staining 
pattern, but a different subspecificity (see following section), the 
liver—cytosolic antibody 1, LC1, autoantibodies.“ 


Antinuclear Autoantibodies 


The term antinuclear antibodies (ANAs) simply describes a reactiv- 
ity in immunofluorescence testing using (rodent) tissue sections 
on which ANA-positive sera show specific staining of the nucleus 
(see Fig. 41-3, B). Further testing on cell lines with large nuclei 
can allow differentiation of various subtypes of ANA depending 
on the staining pattern. These subtypes are descriptive and 
simply reflect the visual appearance during analysis with the 
microscope: for example, the pattern may look homogeneous or 
speckled/dotted.”” The two patterns observed in AIH mostly are 
fine speckled in approximately half of all ANA-positive patients 
and homogenous in approximately one third. The particular 
meaning of most of the immunofluorescence patterns observed is 
still not very well understood. For some patterns specific antigens 
recognized by the autoantibodies could be identified. In auto- 
immune liver disease this is particularly the case in ANAs associ- 
ated with PBC rather than those associated with AIH: ANAs 
directed against the sp100 molecule give a picture of nuclear 
dots”! (see Fig. 41-3, C) whereas ANAs directed against the gp210 
molecule show the picture of a nuclear rim” (see Fig. 41-3, D). 
Both these ANA specificities have been identified on a molecular 
level, which allowed the development of very specific confirma- 
tory immunoassays. Positive testing in these should thus raise the 
suspicion that PBC rather than AIH is the diagnosis and thus the 
cause of these autoantibodies. 

ANAs, like SMAs, are at very low levels as part of the natural 
antibody repertoire of everyone. Therefore measuring the exact 
titer and interpreting the results in the clinical context is para- 
mount. Natural ANAs appear to develop later during adult life, 
and therefore even very low titers detected in children should 
always be considered abnormal. In adults, however, titers of up to 
1:40 may be normal or nonspecific. This titer threshold depends 
on the technique used for detection of ANAs and, as in all other 


laboratory tests, the spectrum of normal and the upper limit of 
normal need to be defined in each laboratory by testing a large 
group of normal serum samples. As mentioned previously, ANA 
testing should best be performed by immunofluorescence using 
rodent tissue sections and Hep2 cells, which have large nuclei. In 
some countries many laboratories use enzyme-linked immunoas- 
says (ELISA) for ANA testing using nuclear extracts as antigen. 
These assays are much easier to perform technically, but have a 
markedly higher rate of false positive and even more false-negative 
results. On the other hand, immunofluorescence testing requires 
experienced technicians and laboratory doctors, and thus testing 
for ANAs (and other autoantibodies) may need to be repeated in 
a reference laboratory in unclear cases. 

Whereas testing for subtypes of ANA, and in particular for 
extractable nuclear antigens (ENAs), is of major importance in 
rheumatology, testing for ENAs in ANA-positive AIH patients is 
not of major importance except for the aforementioned subspeci- 
ficities, which a good laboratory should recognize prima vista on 
the basis of the immunofluorescence appearance. In addition, 
antibodies against double-stranded DNA (dsDNA) should be 
specifically tested in all patients, as these autoantibodies are highly 
specific for only two diseases, namely AIH and systemic lupus 
erythematosus (SLE).”’ The association of dsDNA antibodies and 
inflammatory liver disease is diagnostic for AIH, as SLE does not 
in itself cause inflammatory hepatitis. AIH and SLE may, however, 
be associated, as both are autoimmune diseases” and SLE-specific 
treatments may cause elevation of liver enzymes. 

ANA results should always be given in titers, as the degree of 
elevation of ANA positivity is related to the specificity of the 
result: the higher the titer, the more likely is that these ANAs are 
of pathologic significance and indicate autoimmune disease. 
Autoantibody titers do to some extent correlate with disease activ- 
ity.” Most of this correlation is probably nonspecific: immuno- 
globulin levels, namely IgG levels, correlate well with disease 
activity and may be very high in active untreated AIH. If immu- 
noglobulin levels are two or three times higher than normal, by 
definition ANA titers are also two to three times higher. Whereas 
the presence and level of ANAs are important in making the 
diagnosis, following of ANA levels is not part of managing the 
disease. However, in a few patients ANAs may be absent or only 
weakly positive at the time of first presentation, but then become 
positive in the following months. Therefore, in patients with nega- 
tive or lower titers of ANA, but suspected or definite AIH, retest- 
ing of ANAs after a few months can be helpful. It is also helpful 
in those patients developing cholestatic liver enzymes to exclude 
possible concurrent PBC. 


Smooth Muscle Autoantibodies 

SMAs are characterized by their typical appearance on immuno- 
fluorescence testing on tissue samples showing a distinct staining 
pattern of areas of smooth muscle, in particular arteries (see Fig. 
41-3, E). Even though the exact target antigen is often not clear, 
as in ANAs, most of the SMA autoantibody reactivity in AIH is 
directed against F-actin as the specific component of smooth 
muscle. SMAs can be observed at low titers both in healthy 
persons, and low to moderate titers are observed in a number of 
inflammatory diseases, both autoimmune and infectious,” but 
high titers are highly suggestive of an autoimmune disease.””* As 
in ANA, positivity in children and very young adults is always 
highly suggestive of an autoimmune disease. Therefore, the 
method of laboratory testing (immunofluorescence on tissue sec- 
tions and the specific appearance), the upper limit of normal in 
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¢ Fig. 41-3 A, Immune fluorescence pattern of LKM antibodies on rodent kidney section. B, Immune 
fluorescence pattern of homogenous antinuclear antibodies on Hep2 cells. C, Immune fluorescence 
pattern of antinuclear antibodies targeting sp100 (nuclear dots) and antimitochondrial antibodies on Hep2 
cells. D, Immune fluorescence pattern of antinuclear antibodies targeting gp210 (nuclear rim) on Hep2 
cells (left) and liver section (right). E, Immune fluorescence pattern of anti-smooth muscle actin antibodies 
on Hep2 cells and rodent kidney section. 
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that particular laboratory, and the titer of the sample tested must 
be reported by the laboratory in order to give meaningful and 
interpretable results. 

Often, the presence of F-actin specificity can be suspected by 
trained laboratory personnel. Specific testing for F-actin can be 
accomplished once SMAs have been demonstrated. This can 
either be done by using specific target cells for immunofluores- 
cence staining,” or by ELISA using F-actin as substrate.” There 
are no systematic studies comparing these two techniques, and 
they both seem to be helpful, but at the same time have a certain 
rate of false-positive and false-negative results. The higher the titer 
for F-actin reactivity, the more suggestive this is for the diagnosis 
of AIH—but it is never diagnostic in itself. Positivity for both 
ANAs and SMAs is also very suggestive for an autoimmune 
disease, and in the context of raised transaminases, should lead to 
the suspicion of AIH. 


Soluble Liver Antigen/Liver Pancreas Antibodies 


Antibodies to an unknown cytosolic antigen present in liver and 
pancreatic tissue extracts were first described to occur in some 
patients with AIH by the group of Peter Berg and named /iver 
pancreas (LP) antibodies.°' A few years later Manns et al. described 
similar antibodies to a liver cell extract and called the antigen 
soluble liver antigen (SLA). In 2001 identification and cloning of 
the target antigen allowed the proof that these two assay systems 
in fact described the same autoantibody, therefore named SLA/ 
LP autoantibody.” The target antigen has since been identified 
to be an enzyme involved in the synthesis of selenocysteine, an 
enzyme with the name O-phosphoseryl-tRNA: selenocysteinyl- 
tRNA synthase (SepSecS). It converts phosphoseryl-tRNA (Sec) 
to selenocysteinyl-tRNA(Sec).“ The correct name of the target 
antigen is therefore SepSecS, but SLA/LP has become the standard 
in the immunologic and hepatologic literature and is therefore 
generally used.” The relationship between the biologic function 
of SepSecS and its role as an autoantigen in AIH is in no way 
understood. However, antibodies to SLA/LP are highly specific 
for the diagnosis of AIH, and in addition the reactivity of anti- 
bodies to SLA/LP is directed to a very specific short region of the 
molecule,” suggesting that this is a highly specific, antigen-driven 
immunologic response. 

SLA/LP antibodies cannot be detected by immunofluores- 
cence, probably because the antigen concentration of this diffusely 
distributed molecule is too low. However, highly specific immu- 
noassays such as ELISA or Western blot assays are available on the 
basis of the identified target antigen. As with other autoantibod- 
ies, sensitivity and specificity depend on the cutoff values and the 
level of positivity. SLA/LP antibodies are highly specific for the 
diagnosis of AIH, with occasional positive results also in patients 
with PBC and secondary AIH (overlap syndrome), and unless the 
assay results are near the upper limit of normal positive results, 
contrary to the other autoantibodies in AIH, are always of diag- 
nostic importance. The diagnostic importance of SLA/LP anti- 
bodies is, however, limited by the fact that only approximately 
20% of all AIH patients are positive for this autoantibody. Thus 
positive demonstration of SLA/LP is virtually diagnostic for AIH, 
but failure to demonstrate SLA/LP antibodies in no way excludes 
the diagnosis AIH. 

Even though SLA/LP autoantibodies are highly specific for 
AIH and helpful for making the diagnosis in all those patients 
positive for this antibody, a role for these antibodies in the patho- 
genesis of the disease has not been demonstrated. In fact, demon- 
stration of these antibodies in breast milk of lactating patients,” 


and demonstration of these antibodies in the serum of healthy 
newborns of SLA/LP-positive patients strongly suggest that the 
autoantibody in itself does not cause liver damage. Similarly, as 
with ANA and SMA titers, SLA/LP-autoantibody titers do not 
directly correlate with disease activity and therefore do not need 
to be monitored during treatment of ATH. 

When SLA antibodies were first described, their description 
raised the debate whether these autoantibodies delineate a clini- 
cally distinct subtype of AIH, also named type 3 ATH.” Various 
studies have looked at clinical characteristics of SLA/LP-positive 
patients in comparison to ANA- and/or SMA-positive patients 
(type 1 AIH). Altogether the results of these studies suggest that 
there are very small differences between these patient groups, and 
approximately half of the SLA/LP-positive patients also have ANA 
or SMA autoantibodies, making distinction difficult. It appears 
that patients positive for SLA/LP may have slightly more severe 
disease, and may be less likely to remain in remission without 
immunosuppressive therapy.“ Thus it may be helpful to know the 
SLA/LP status even in those patients who are clearly positive for 
ANAs and SMAs and in whom the diagnosis of AIH is already 
certain. Testing for SLA/LP is thus generally recommended in 
diagnosing and managing patients suspected to have AIH and in 
the workup of patients with elevated transaminases of unknown 
cause. 


Liver Kidney Microsomal Autoantibodies 


Antibodies to a microsomal antigen present in liver and in kidney 
tissue sections were described in a small subgroup of AIH patients 
in 1973 by Mario Rizzetto and Deborah Doniach.” These liver 
kidney microsomal (LKM) autoantibodies were later identified 
as antibodies directed against a cytochrome p450 isoenzyme, 
CYP2D6.”°” As in SLA/LP autoantibodies, the target antigen 
is an enzyme, but its relationship to the pathogenesis of AIH 
remains mysterious. Interestingly though, similar autoantibodies 
directed against other microsomal enzymes, named LKM2 auto- 
antibodies, were found in a drug-induced immunoallergic case of 
hepatitis. These LKM2 autoantibodies were found to be directed 
against the enzyme that metabolizes the offending drug, tienilic 
acid.” This relationship suggested that metabolizing enzyme and 
causative drug, or its metabolite, together present a neoantigen 
to the immune system and thus induce the immunologic aggres- 
sion against liver tissue. In principle, a similar pathogenesis could 
be possible in patients with LKM1 antibodies reacting against 
cytochrome p450 isoenzyme 2D6, but so far none of the drugs 
known to be metabolized by this isoenzyme has been found 
to be connected to AIH. Whether or not other environmental 
agents metabolized by this enzyme might be a trigger of AIH in 
these patients thus remains purely speculative, but is an attractive 
hypothesis for the pathogenesis of this disease. 

LKM1 autoantibodies can also be reliably detected by immu- 
nofluorescence on tissue sections, where the staining pattern is 
characteristic (see Fig. 41-3, A). In addition, identification of the 
target antigen, as in SLA/LP autoantibodies, has allowed the 
development of highly specific immunoassays, usually ELISA that 
should be used for confirmation of these autoantibodies. Contrary 
to SLA/LP autoantibodies, though, LKM1 autoantibodies are not 
entirely specific for the diagnosis of AIH, as these antibodies have 
also been found in a small proportion of hepatitis C patients“? 
and in other conditions. Demonstration of LKM1 antibodies in 
the absence of hepatitis C is, however, highly suggestive for type 
2 AIH. In addition to LKM1 antibodies and LKM2 antibodies, 
a third subtype of LKM antibodies, LKM3, was described and 


found to be directed against UDP glucuronosyltransferases. As 
with LKM1 antibodies in hepatitis C, LKM3 antibodies are asso- 
ciated with viral hepatitis D but can occasionally also be found 
in type 2 AIH negative for other autoantibodies.” 


Other Autoantibodies 


Whereas the autoantibodies discussed previously represent the 
standard repertoire that should be tested routinely, other autoan- 
tibodies have also been described in AIH. Of particular note are 
liver cytosolic antibodies type 1 (LC1), which are directed against 
the enzyme formiminotransferase cyclodeaminase (FTCD). These 
antibodies also show up on routine immunofluorescence testing 
and can show a similar pattern to LKM1 antibodies, with which 
they are frequently associated. Although rare, LC1 antibodies are 
of high diagnostic significance,“ as they are very specific for type 
2 ATH, and they can be tested specifically by ELISA. 

Antineutrophilic cytoplasmic antibodies (ANCAs) showing a 
perinuclear staining pattern can be detected in up to a third of 
patients with AIH. However, these pANCAs are not specific for 
AIH and are found even more frequently in primary sclerosing 
cholangitis (PSC) and other inflammatory diseases of both the 
liver and of other organs such as inflammatory bowel disease. 
Their diagnostic significance is therefore limited and can only be 
considered as an additional diagnostic hint. 

Antibodies against the Ro52 antigen are associated with anti- 
bodies to SLA/LP, but are only very rarely found without SLA/ 
LP-antibody positivity, thus limiting their diagnostic significance. 
As Ro52 antibodies are also found in various rheumatologic dis- 
eases they are strong evidence for the presence of an autoimmune 
disease. 


Histology 


The diagnosis of autoimmune hepatitis requires histologic confir- 
mation of inflammatory hepatitis. Many, but not all, patients 
show very characteristic histologic features considered typical for 
autoimmune hepatitis. These are, in particular, the presence of 
interface hepatitis (hepatitis at the portal-parenchymal interface) 
with dense plasma cell—rich lymphoplasmacytic infiltrates, hepa- 
tocellular rosette formation, and emperipolesis (i.e., active pene- 
tration by lymphocytes into hepatocytes). Whereas plasma cell 
enrichment in the inflammatory infiltrate is typical, some patients 
show no plasma cell enrichment in their liver biopsy. In addition, 
eosinophils may be present particularly in very active disease.” 
Though typical features of AIH are highly supportive of a diag- 
nosis of AIH, diagnosis cannot be made on the basis of histology 
alone. On the other hand, in the absence of inflammatory lesions 
compatible with the diagnosis of hepatitis, the diagnosis of (active) 
ATH must not be made. 

In very acutely presenting patients the histologic picture may 
look like acute drug-induced liver injury (DILI)”: centrilobular 
necrosis may be found together with bridging necrosis with or 
without panlobular hepatitis.*’*’ The distinction from DILI often 
cannot be made, either on histologic or on clinical grounds, and 
only the close follow-up of such patients will sometimes lead to 
a definite diagnosis (see later in this chapter). 

Development of liver fibrosis and cirrhosis may occur quite 
rapidly in AIH, and approximately half of all children and a third 
of all adult patients already have definite cirrhosis at the time of 
their initial presentation and diagnosis.” In fact, the presence 
of fibrosis coexistent with marked inflammatory hepatitis is quite 
typical in AIH and may help to distinguish an acute flare of AIH 
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from other acute forms of hepatitis. Coexistence of acute hepatitis 
with marked fibrosis is strongly suggestive of AIH. Fibrosis and 
cirrhosis are often irregular in AIH, and macronodular cirrhosis 
typically develops. Due to the macronodular character of fibrous 
septa in AIH, liver biopsy may grossly underestimate the degree 
of fibrosis. Regenerative nodules in between two fibrous septa may 
have a diameter of a few centimeters, and therefore the biopsy 
cylinder may not reach from one septum to the next.” On the 
other hand, the macronodular character of cirrhosis in AIH makes 
it easy to detect cirrhosis upon macroscopic inspection. Diagnos- 
tic laparoscopy has a very high rate of detection of cirrhosis in 
AIH. In patients suspected of having AIH, several studies have 
shown that when liver biopsy is performed using laparoscopy, 
including minimally invasive mini-laparoscopy, the rate of cir- 
thosis detection can be doubled, making the combination of 
macroscopic assessment and microscopic biopsy evaluation the 
gold standard for staging in AIH. In patients in whom the 
macronodular character of the disease is already visible by ultra- 
sound, laparoscopy is not required to confirm the diagnosis of 
cirrhosis, but liver biopsy is still necessary to confirm diagnosis 
and evaluate the level of inflammatory activity. 


Diagnosis 


AIH is a clinical diagnosis based on history, clinical examination, 
biochemical and serologic laboratory results, and liver histology. 
Though the diagnosis is very straightforward in the majority of 
patients, in a few patients diagnosis can be very challenging. 
Diagnostic difficulties can be due to the very wide variability of 
clinical presentations, but may also be due to patients with other 
coexistent liver diseases. In some patients only the good response 
to immunosuppressive therapy may provide the key to the diag- 
nosis. In a few patients, only relapse upon cessation of a trial of 
immunosuppression will confirm the diagnosis. The overall diag- 
nostic approach and the pace of the diagnostic workup needs to 
be adapted to the particular clinical constellation. In a patient 
presenting with acute hepatic failure autoimmune hepatitis needs 
to be considered immediately. All tests, including immunoserol- 
ogy and liver biopsy, must be performed quickly and sometimes 
a trial of steroid therapy initiated before the diagnosis can be 
confirmed. On the other hand, in an asymptomatic patient with 
mildly elevated transaminases, a gradual and stepwise diagnostic 
process is indicated. Measurement of total IgA, IgG, and IgM 
levels has proven to be a useful and cost-effective screening tool, 
as more than 90% of AIH patients have an elevation of IgG levels, 
and most of these show a selective elevation of IgG with normal 
IgM levels. At the same time, the most common liver diseases 
such as viral hepatitis and hemochromatosis should be excluded 
by laboratory testing. An ultrasound examination can help to 
exclude both neoplastic liver disease and fatty liver disease, which 
in almost all patients is associated with increased echogenicity of 
the liver parenchyma. 

Immunoserology with testing for ANAs, SMAs, SLA/LPs, and 
LKM, and at the same time for antimitochondrial antibody to 
exclude PBC, should be the next level of laboratory testing. The 
quality of the immunoserology testing should be kept in mind 
when ordering these tests (see earlier in this chapter). The indica- 
tion for liver biopsy is then based on the test findings to confirm 
the diagnosis, or to exclude the diagnosis and make an alternative 
diagnosis. In addition, liver biopsy is required for grading and 
staging of the disease, thus helping to guide the intensity of the 
immunosuppressive regimen applied (Fig. 41-4). 
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tThese antibodies are highly specific for PBC diagnosis. 
e Fig. 41-4 Diagnostic algorithm in liver disease of unknown origin. AIH, Autoimmune hepatitis; 
ANA, antinuclear antibody; ELISA, enzyme-linked immunosorbend assay; /g, immunoglobulin; 
LKMILC, liver kidney microsomes/liver cytosol; pANCA, perinuclear antineutrophilic cytoplasmic 
antibody; PBC, primary biliary cholangitis; SLA/LP, liver pancreas/soluble liver antigen; SMA, smooth 
muscle antibodies. 
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A particular diagnostic challenge is the coexistence of AIH and 
aie International Autoimmune Hepatitis Group 


other liver diseases. In some regions of the world the association 
of viral hepatitis and AIH may be observed regularly due to the 
high prevalence rate of chronic viral hepatitis in specific popula- 
tions such as South East Asians. In other regions the coexistence ANA or SMA+ 21:40 aril 
of nonalcoholic or alcoholic steatohepatitis (NASH and ASH) ANA or SMA+ 51:80 408 
with AIH is increasingly being observed, in particular in the 
Western world. The distinction of steatohepatitis and associated ANA or LKM+ 21:40 He 
autoimmune hepatitis from steatohepatitis without AIH can ANA or SLA/LP+ Any titer 40 
be difficult, and may require consultation with an expert liver 


pathologist. IgG or y-globulins level >upper limit of normal +1 

For making the diagnosis of AIH, the simplified scoring system >1.1 xupper limit +2 
of the International Autoimmune Hepatitis Group (IAIHG) has Liver histology (evidence Compatible with AIH + 
proven to be a very useful tool (Table 41-2). The score sum- of hepatitis is a Typical of AIH 42 
marizes the key criteria (hypergammaglobulinema, autoantibod- necessary condition) Atypical 0 
ies, exclusion of viral hepatitis, and histology) in a simple fashion, eae T 0 
and has shown good sensitivity and specificity (approximately hepatitis ie n 


90% each) in various populations worldwide. Though the score 
performs very well in patients with chronic presentations, it may 
miss some of the hyperacute presentations, in which making the 
distinction from drug-induced liver injury (DILI) in particular 
may be impossible. If at first evaluation both diagnoses, AIH and 
DILI, remain a likely possibility, a rational approach is to start 
steroid treatment, take away the possibly offending drug, and to 
gradually taper steroids out. Relapse of disease activity is almost 
universal in patients suffering from AIH upon early treatment 
cessation, whereas in DILI relapse only occurs upon reexposure 


to the drug responsible (Fig. 41-5). 


Definite autoimmune hepatitis: > 7; Probable autoimmune hepatitis: > 6. 

“Addition of points achieved for all autoantibodies (maximum, 2 points). 

Typical liver histology for autoimmune hepatitis, each of the following features had to be 
present namely, interface hepatitis, lymphocytic/lymphoplasmocytic infiltrates in portal tracts 
and extending into the lobule, emperipolesis (active penetration by one cell into and through 
a larger cell), and hepatic rosette formation; Compatible liver histology for autoimmune hepa- 
titis, chronic hepatitis with lymphocytic infiltration without all the features considered typical; 
Atypical, showing signs of another diagnosis. 

AIH, Autoimmune hepatitis; ANA, antinuclear antibody; LKM, liver kidney microsomes; SLA/ 
LP liver pancreas/soluble liver antigen; SMA, smooth muscle antibodies. 
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WAE Treatment Proposal for Adult Patients 
sie With AIH (e.g., 60 kg) 


1 60 (= 1 mg/kg body 5 
weight) 
Response No response 2 50 © 
v 3 40 50 
Taper steroids 4 30 50 
until withdrawal 
5 25 100* 
| 6 20 100 
Relapse No relapse | Consider 7+8 15 100 
alternative 
4 4 diagnoses 8+9 12.5 100 
Definite AIH Die | From week 10 10 100 
ý - - Reduction of prednisolone to 7.5 mg/day if aminotransferases reach normal levels and after 
Treatment of Avoid this drug 3 months to 5 mg/day, tapering out at 3 to 4 months intervals depending on patient’s risk 
AIH in future factors and response. 


*Long-term follow-up is advised so as not to miss a late relapse of AIH 
(e.g., 6 monthly for 3 years). 


e Fig. 41-5 Differentiation of AIH and drug-induced liver disease in the 
course of disease. AIH, Autoimmune hepatitis; DILI, drug-induced liver 
injury. 


Treatment and Management 


General Principles 


Untreated AIH has a generally poor prognosis, whereas well- 
treated AIH has an excellent prognosis. Early studies using a 
placebo control arm showed a 5-year mortality in the placebo 
group of much greater than 70%. There is therefore general con- 
sensus that active AIH with florid histologic lesions must always 
be treated. Similarly, all patients with advanced fibrosis or cir- 
thosis should receive therapy, unless cirrhosis is already decom- 
pensated, and the inflammatory activity on liver biopsy is only 
minimal or the disease inactive. 

The drug of choice for the induction of remission is cortico- 
steroids, whereas the drug of choice for the maintenance of remis- 
sion is azathioprine. Combining these two drugs during the 
treatment course, dosing of the drugs, and using additional or 
alternative treatments needs to be adapted to the individual 
patient, taking into consideration disease activity, staging, response 
to initial therapy, comorbidity, and individual risk factors and 
preferences. Thus, treatment needs to be individualized and needs 
to be repeatedly adapted to the situation of the particular patient. 

The aim of treatment is the induction and maintenance of 
remission with minimum side-effects. Remission is defined as no 
or minimal inflammatory activity in the liver, ideally assessed by 
a liver biopsy showing a hepatitis activity index of less than 4/18 
points. Though histology is the gold standard for assessing inflam- 
matory activity, for some patients biochemical assessment of 
response and remission is sufficient.” The definition of biochemi- 
cal remission is complete normalization of both transaminase 
levels and of IgG levels. 

Treatment needs to be given for several years, and many 
patients need permanent immunosuppressive therapy.*° Though, 


“Azathioprine dose of 1 to 2 mg/kg according to body weight. 


overall, AIH patients have an increased mortality and morbidity,” 

in expert centers, adherent AIH patients have a normal life expec- 
ith d quality of life.” Therefi ful 

tancy with a very good quality of life. erefore, careful manage- 

ment of AIH is of great importance, but at the same time very 

rewarding. 


Remission Induction 


AIH responds very well to corticosteroid therapy, as was shown 
already in the 1950s. Various treatment protocols are effective 
without universal consensus on the best protocol to use. Gener- 
ally, the higher the initial steroid dose used, the faster is the bio- 
chemical response to treatment, albeit at the cost of (transient) 
steroid side-effects. Higher doses initially lead to more marked 
steroid side-effects in the early treatment phase, but also to more 
rapid improvement of disease symptoms. In addition, faster 
induction of remission allows faster tapering down or even taper- 
ing out of steroids, thus limiting the time period of relevant 
steroid side-effects. Thus, initial steroid dose can be adapted to 
the individual patient depending on personal preferences and 
disease activity. Generally, an initial dose of 0.5 to 1 mg predniso- 
lone (or prednisone) per kg body weight should be applied during 
the Ist week of therapy, upon which a response with a fall of 
transaminases is usually observed. The author’s preference is to use 
the slightly more effective prednisolone that does not need to be 
metabolized in the liver in contrast to the predrug prednisone. 
Prednisolone should then be tapered down by weekly dose reduc- 
tions, usually in steps of 5 to 10 mg reductions of the daily dose. 
A suggested treatment schedule is given in Table 41-3. 

Patients need to be informed about steroid side-effects. Dietary 
advice should be given to limit possible weight gain due to the 
increased appetite induced by steroids, and to include sufficient 
calcium for bone protection. In addition, vitamin D should be 
given to prevent bone loss. Glucose levels need to be monitored 
to recognize steroid-induced glucose intolerance or diabetes, and 
both manic and depressive episodes can occasionally be provoked 
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by high dose steroids. The transient, yet often disturbing effects 
on facial and skin changes need to be discussed. Reduction sched- 
ules for steroids should be influenced by the speed of response 
and by the degree of steroid side-effects. To be able to reduce 
steroids quickly, it is sensible to start maintenance therapy with 
azathioprine as soon as possible (see later in the chapter). It seems 
prudent to wait 1 or 2 weeks allowing early steroid response to 
be observed to distinguish possible steroid side-effects from pos- 
sible azathioprine-induced side-effects. 

Budesonide has been shown in a large trial to be an alternative 
therapy in AIH, starting with a dose of 3 x 3 mg until remis- 
sion is induced.*” Budesonide has a very high first-pass effect 
in the liver and therefore less systemic effects than prednisone 
or prednisolone. This is an advantage concerning the aforemen- 
tioned possibly dose-limiting steroid effects. On the other hand, 
the degree of IgG elevation suggests that AIH is also a systemic 
disease, and indeed the effect of budesonide on IgG levels is 
often insufficient. In addition, the rate of remission induced by 
budesonide appears to be lower than in adequately dosed pred- 
nisolone therapy.” Furthermore, budesonide is contraindicated in 
patients with cirrhosis, as in these cases porto-systemic shunting 
may alter pharmacodynamics in an unpredictable fashion leading 
to unforeseen adverse effects. Finally, there are very limited data 
on the long-term use of budesonide. Studies guiding treatment 
reduction and tapering out of steroids are also limited. Thus 
budesonide may be used in patients with a high risk of systemic 
steroid side-effects and no cirrhosis, or in patients experiencing 
severe steroid side-effects and requiring continued steroid therapy, 
but is not the agent of choice for the majority of patients. 


Maintenance Therapy 


The drug of choice for maintenance therapy of AIH is azathio- 
prine, which has been shown to maintain remission more effec- 
tively than continued low-dose steroid therapy, and with fewer 
side-effects. The dose required for maintenance of remission is 
lower than in many other immune-mediated diseases such as 
theumatologic diseases or inflammatory bowel disease. A dose 
of 1 to 2 mg/kg body weight is sufficient for most patients. It is 
recommended to start with an even lower dose (usually 50 mg 
daily total dose) to test tolerance of the drug, and patients should 
be aware of possible short- and long-term side effects. Some 
experts prefer to test for the metabolizing enzyme of azathioprine, 
the thiopurine methyltransferase (TPMT), because genetically 
determined TPMT-deficiency, present in up to 2% of the popula- 
tion, may lead to severe bone-marrow toxicity during azathioprine 
therapy. However, as bone-marrow toxicity may also occur in 
spite of normal TPMT levels, and not all patients with TPMT 
deficiency experience severe bone-marrow toxicity, an alternative 
and pragmatic approach is to start with low doses and monitor 
blood count closely (every 2 weeks) in the initial months of 
therapy. In addition to hematologic toxicity, approximately 3% 
to 5% show intolerance to azathioprine arising within a few 
weeks of treatment initiation characterized by generalized malaise, 
abdominal discomfort, nausea, fever, and sometimes diffuse pains. 
Interrupting treatment in such patients leads to disappearance 
of symptoms within 2 to 3 days, and reexposure leads to rapid 
and often even more marked reappearance of symptoms within 
1 or 2 days. Mild abdominal discomfort, on the other hand, is 
quite common at the beginning of azathioprine therapy, and 
therefore during the first weeks the drug should best be given 
postprandially, and in patients with gastrointestinal symptoms 


the dose should be kept low until symptoms have clearly 
improved. 

If azathioprine is well tolerated, the dose should be slowly 
increased to 1 to 2 mg/kg body weight, usually 100 mg per day. 
After the first 3 months of treatment, when blood counts should 
be performed every 2 weeks, laboratory testing can be spread to 
monthly and later to 3-monthly. In parallel, steroids can be slowly 
tapered down to 10 mg/day prednisolone up until full biochemi- 
cal remission (normal transaminases and normal IgG) has been 
reached, and then more slowly tapered out completely (usually in 
steps of 2.5 mg daily dose every 4-12 weeks), and transaminase 
levels monitored closely to recognize reactivation of disease early. 
The earlier reactivation is recognized, the easier it is to reinduce 
remission by a transient increase in steroid dose. In case of an 
increase of transaminases during maintenance therapy, azathio- 
prine can occasionally be hepatotoxic. In this case IgG levels 
remain low despite increasing transaminase levels. On the other 
hand, an increase of IgG and transaminases during azathioprine 
therapy is most likely not to be due to toxicity, but rather due to 
an insufficient dose, adherence problems or insufficient treatment 
response. If in doubt, liver biopsy can clearly distinguish between 
azathioprine toxicity and reactivation of AIH. 

It may be helpful to measure the metabolites of azathioprine 
during treatment, as individual difference in drug metabolism 
may lead to considerably different drug levels in different patients 
treated with the same dose. A recent study showed that remis- 
sion was closely associated with higher 6-thioguanine (6-TGN) 
blood levels. In addition to pharmacodynamics differences, there 
may also be difference in drug adherence. Drug levels can help 
to monitor compliance and may help to explain insufficient 
responses in patients believed to be given sufficient dosages of aza- 
thioprine. In addition, measurement of 6-TGN levels can also be 
helpful in avoiding toxic drug levels in patients on relatively high 
drug doses. 

In patients intolerant to azathioprine, several alternative 
approaches to maintenance therapy can be tried, in particular 
6-mercaptopurine (6-MP), mycophenolate mofetil (MMF), and 
steroid monotherapy. 6-MP is the active metabolite of azathio- 
prine, and roughly half of the patients intolerant to azathioprine 
tolerate 6-MP quite well. In view of the excellent effectiveness of 
these drugs in maintenance therapy in AIH, a trial of 6-MP is war- 
ranted in patients intolerant to azathioprine, but patients need to 
be warned of the approximately 50% chance of toxicity with 6-MP. 
6-MP should not be tried in patients with marked bone-marrow 
toxicity during azathioprine therapy, azathioprine-induced pan- 
creatitis, or severe azathioprine-associated hepatotoxicity. 

MMF has also been shown to be effective in the treatment of 
AIH,” and has become the standard second-line drug. Whereas 
azathioprine can maintain remission effectively in approximately 
90% of patients, the stable remission rate with MMF mainte- 
nance therapy seems to be closer to 70%.” The majority of 
patients tolerate MMF very well, with dose-related gastrointesti- 
nal side-effects such as abdominal pain and diarrhea being the 
most common limiting complaints. The very good tolerance of 
MMF makes it a good second-line drug, and the dose required is 
usually 2 x 1 g/day. MMF is not effective in patients who fail to 
reach or maintain remission on azathioprine, and in these patients 
a trial of MMF is not recommended. Notably, MMF has terato- 
genic properties and may therefore not be the drug of first choice 
in women of childbearing potential.” 

In patients with mild disease and intolerance to azathio- 
prine another approach is to maintain the patients on steroid 


monotherapy as long as a daily dose of 10 mg prednisolone or 
less is sufficient to maintain a stable remission, and as long as 
bone density and other steroid side-effects are not dose limit- 
ing. This approach is pragmatic and appropriate for selected 
patients. 


Trial of Treatment Withdrawal 


Even though almost all patients express the wish to be weaned 
off all treatment, this is likely to fail in the majority of patients. 
Various studies have shown that less than 20% of AIH patients 
can maintain a stable remission after withdrawal of all immu- 
nosuppressive drugs.*° Treatment withdrawal should not be 
attempted before the disease has been in stable and complete 
remission for a minimum of 2 years on therapy. Continued mild 
disease activity, or intermittent flares during maintenance therapy, 
reliably predict relapse upon treatment withdrawal. Therefore it 
should be the management priority to maintain a stable remis- 
sion on the lowest dose of immunosuppressive drugs required. 
Thus, treatment should be slowly reduced. Usually, steroids 
are tapered out completely, if possible during the second half 
of the first year of treatment, while maintaining remission on 
1 to 2 mg of azathioprine/kg body weight for another 2 years 
at least. All patients experiencing a flare during maintenance 
therapy should continue with long-term immunosuppression. 
Those who have had completely stable remission on azathioprine 
monotherapy can then be slowly reduced in azathioprine dose, 
usually by reducing the daily dose of azathioprine in steps of 
25 mg every 3 months. Even when such a careful approach is 
used, more than half of these patients in such a withdrawal pro- 
tocol will experience relapse, and will therefore require long-term 
therapy.” In addition, during relapse a short reinduction therapy 
with prednisolone in addition to raising the azathioprine dose 
is normally required, the schedule depending on the degree of 
reactivation. 

Some studies have tried to find additional predictors of suc- 
cessful treatment withdrawal. For many years it was standard 
recommendation to perform a liver biopsy beforehand, and this 
can still be advisable. Patients with significant remaining inflam- 
mation on liver biopsy have an extremely high likelihood for 
relapse following treatment withdrawal, even if they have shown 
a stable biochemical remission. On the other hand, normal histol- 
ogy does not preclude relapse, and in fact up to half of the patients 
showing normal liver biopsy will nonetheless relapse during or 
after treatment withdrawal. Thus, liver biopsy can exclude patients 
from a trial of treatment withdrawal, but is unreliable as a predic- 
tor for successful withdrawal.” Recently it could be shown that 
not just normalization of transaminases and IgG is predictive of 
stable remission without treatment, but the degree of normaliza- 
tion was important. Patients with transaminase levels in the lower 
range of normal, and with IgG levels also in the lower range of 
normal, were significantly more likely to remain in remission 
without immunosuppressive drugs. 

Patients who have been successfully weaned off all immuno- 
suppression should still be monitored for reactivation of the 
disease at regular intervals for the rest of their lives. The majority 
of relapses occur within the first 2 years after treatment with- 
drawal, but relapses as late as 20 or 30 years after weaning immu- 
nosuppression have been observed.”° Considering the pathogenesis 
of autoimmune hepatitis with its marked genetic risk factors, it is 
not surprising that the risk for reactivation of AIH remains rele- 
vant for the rest of life. 
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Patients not sufficiently responding to standard therapy, and 
patients intolerant to both thiopurines and MMF are in need of 
alternative immunosuppressive therapy. A number of drugs have 
been tried and have been reported to be able to successfully treat 
these patients. The largest experience to date is available for the 
calcineurin inhibitors (CNI) cyclosporine and tacrolimus.” 
Both drugs can very effectively suppress inflammatory activity in 
AIH, albeit at the price of significant long-term side-effects and 
the need for long-term drug monitoring. For reasons poorly 
understood patients once started on a CNI usually require this 
treatment permanently. Presumably this is due to the fact the CNI 
are primarily pure immunosuppressants and do not exert signifi- 
cant immunomodulatory properties. Therefore it is prudent to be 
careful in using these drugs. 

Recently very encouraging results have been reported with 
anti-TNF therapy using infliximab.” This approach is supported 
by data suggesting increased TNF secretion and TNF-positive T 
cells in the liver of AIH patients. Infliximab was not only able to 
induce a stable remission in the majority of very difficult-to-treat 
patients, but could also induce marked improvement in liver 
histology, including fibrosis regression. At the same time, however, 
anti-TNF therapy can also induce a clinical syndrome resembling 
AIH, presumably as a drug-induced immune liver injury. Further- 
more, similarly to CNI, anti-TNF can significantly increase the 
risk of infectious complications, which should be monitored for 
and treated aggressively, if present.'°° 

A few case reports have shown very good results with cyclo- 
phosphamide, which, although a rather toxic drug, has strong 
immunomodulatory properties in addition to the immunosup- 
pressive properties, thus allowing tapering or withdrawal after a 
few years, or substitution with azathioprine. Its toxic side effects 
make it a poor choice in young patients, but an alternative in 
people beyond middle age.'°' Bolus therapy appears at least as 
good as daily treatment and allows lower doses and better protec- 
tion of the bladder form the potentially carcinogenic metabolites 
in the urine. 

A number of small case series using the anti CD20 (anti-B 
cell) antibody rituximab have reported rather variable results with 
some patients responding, but a considerable number showing no 
definite benefit. Due to its marked immunosuppressive effects 
and resulting infectious risks, its place in difficult-to-treat AIH is 
uncertain. 

It is likely that many of the new biologicals in use for treatment 
of rheumatologic disease may also be effective in AIH, but to date 
no reliable reports are available. The relative rarity of the disease, 
the very good response to standard treatment in the vast majority 
of patients, and the hesitancy of the pharmaceutical industry to 
study rare diseases have hampered clinical and scientific progress. 
Studies into the pathogenesis of the disease may guide future 
therapeutic approaches directing immunotherapy more specifi- 
cally to the culprits mediating the inflammatory autoimmune 
process in AIH. These studies and further clinical research studies 
should be encouraged to reach beyond standard treatment. 


Quality of Life 


The majority of patients respond to immunosuppressive therapy 
allowing remission, a very good life expectancy and good quality 
of life. However, quality of life was not measured systematically 
in AIH patients until recently. A recent study showed that the 
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quality of life is lower than was expected because many patients 
reported anxiety or depressive symptoms. The reasons for this 
impaired quality of life are not entirely clear. Part of these symp- 
toms may be due to steroid treatment, and in view of these results 
the attempts to taper steroids should be undertaken in AIH 
patients. Part of the impairment of quality of life may also be due 
to the problem of having to live with a rare and chronic disease, 
which is similar to what occurs in other chronic diseases. A further 
specific problem for patients with AIH may be the stigma of liver 
disease in modern society. Patients are worried that society regards 
them as hidden alcoholics. Patient education and patient support 
groups may help to ameliorate these problems. 


Special Patient Groups 


Autoimmune Hepatitis in Children 
and Transition Into Adulthood 


‘There are some specific aspects of AIH in childhood. Even though 
ATH has its highest incidence in the fifth and sixth decade of life, 
there is also a peak around puberty. AIH may manifest for the 
first time as early as the first year of life. In childhood acute pre- 
sentations with jaundice and very active hepatitis are more 
common and represent approximately half of all cases. In addi- 
tion, although subclinical development of cirrhosis is also more 
common in childhood, more than half of all children diagnosed 
with ATH already have cirrhosis. The nonspecific clinical manifes- 
tations of AIH such as lethargy and loss of energy may not be 
noticed as specific signs of disease, and because of their early and 
insidious onset may be overlooked by patients, parents, and 
doctors. 

Acute and even fulminant manifestations are more common 
in childhood sometimes requiring very rapid diagnosis and treat- 
ment initiation. Unless early response is observed, liver transplan- 
tation may be the only option and should not be delayed unduly 
(see below). This seems to be particularly important in type 2 
LKM antibody—positive AIH often showing a very severe and 
acute course of disease. 

Another characteristic of childhood AIH is that up to half of 
the patients may have underlying cholangitis, which may only 
become apparent as disease progresses over time. The condition 
was named autoimmune cholangitis by the King’s College group, 
when they first described a series of such patients. The disease 
manifests primarily just like typical AIH, but cholestatic liver 
enzymes do not normalize following successful immunosuppres- 
sive therapy, and subsequent cholangiography shows changes 
typical for primary sclerosing cholangitis (PSC). Similar cases 
have also been described in young adults, and it is likely that these 
represent different parts of a continuous disease spectrum. Over 
time, the underlying PSC determines the long-term prognosis of 
these patients, as its progress is not stopped effectively by immu- 
nosuppression, and thus the patients eventually require liver trans- 
plantation due to progressive biliary cirrhosis, whereas children 
with typical AIH go into long-term remission with a good long- 
term prognosis just like adult patients with AIH. It is therefore 
recommended that every child with AIH should undergo cholan- 
giography (normally MRCP) within the first year to detect the 
biliary changes of sclerosing cholangitis early. 

Children with AIH should probably all receive continued 
immunosuppressive therapy at least until the end of puberty, most 
of them life-long. Puberty can be a particularly challenging period 
in the management of the disease, as children may object to 
having to take medication every day. Compliance problems during 


puberty and early adulthood are the most common cause of treat- 
ment failure in this patient group and psychosocial support in 
specialty clinics may be required to achieve good treatment results. 
This also applies to the transition from childhood to adulthood 
in the care structure, and special transition clinics may help in 
this process. 


Autoimmune Hepatitis and Pregnancy 


ATH affects more women than men, and because the disease can 
manifest in the young, questions of pregnancy and AIH are rel- 
evant to many patients. In addition, the disease may sometimes 
manifest for the first time during pregnancy or, more commonly, 
in the postpartum period.” Generally there are no objections 
against pregnancy in a patient with AIH, but several aspects 
require consideration. 

Acute flares during pregnancy are possible, even though preg- 
nancy is normally a more immunosuppressive state so that AIH, 
as with other autoimmune diseases, tends to be more quiescent 
during pregnancy. Because acute flares and ensuing high dose 
immunosuppressive therapy are both risk factors for mother and 
child, it is important to keep disease in remission throughout 
pregnancy. Active disease usually leads to amenorrhea or at least 
decreased fertility. In young women with active disease not yet 
controlled by immunosuppression, effective protection from 
pregnancy is warranted. There is no general contraindication 
against hormonal contraceptives, which may be preferred by some 
patients. There are no validated data on the use of hormones in 
AIH patients and the author therefore advises that transaminases 
be checked monthly during the first 3 months of introduction of 
hormones on a monthly basis. Azathioprine is officially a grade 
D drug for pregnancy risk, but de facto all reports from patients 
treated during pregnancy, both for AIH and for other inflamma- 
tory diseases such as Crohn’s disease, suggest that azathioprine 
is safe during pregnancy, at least in the doses given to AIH 
patients. It may be prudent to titrate to the lowest appropriate 
doses prior to pregnancy to minimize the risk to the baby, but it 
is inappropriate to stop azathioprine before pregnancy, as the risk 
of a subsequent flare during pregnancy is very high and carries a 
high risk for mother and baby. Prednisolone can be given during 
pregnancy up to a daily dose of 20 mg without a major risk to 
the fetus. 

Pregnancy risk may be increased for two other reasons, not 
related to drug therapy. Patients with portal hypertension gener- 
ally have an increased risk of hydropic decompensation during 
pregnancy, and therefore portal hypertension is a relative contra- 
indication to pregnancy requiring specialty consultation and care. 
Furthermore, elevation of intraabdominal pressure during labor 
may lead to bleeding of esophageal varices if present. Therefore, 
esophageal varices of intermediate or high risk should be excluded 
(or treated) prior to conception. Secondly, there seems to be an 
intrinsically higher risk of spontaneous miscarriage in AIH, unre- 
lated to therapy. This may be particularly associated with SLA/LP 
and the sometimes associated anti-Ro52 antibodies, which may 
increase the risk of congenital heart block,'”” but other mecha- 
nisms may also play a role. Even though the rate of miscarriage 
is somewhat increased, overall pregnancy outcome is very good 
and there is no indication of an increased rate of congenital defects 
in the offspring. 

Breast feeding should also be encouraged in AIH patients” as 
in other mothers. The amount of drug in breast milk is so minute 
that the benefits outweigh the theoretical risks associated with 
breast feeding in treated AIH mothers. 


Immune reconstitution after delivery, and further immune 
reconstitution after cessation of breast feeding may both contrib- 
ute to a flare of AIH disease activity. Indeed flares are observed so 
frequently during this phase that it has become the author’s per- 
sonal practice to increase the dose of steroids to 10 mg/day, even 
in patients without steroids prior to delivery, within 2 weeks of 
delivery and then slowly taper steroids. 

Data for male patients undergoing immunosuppressive treat- 
ment intending fatherhood are even scarcer, but available data 
suggest that fathering children while undergoing treatment with 
azathioprine and prednisolone does not increase the risk of fetal 
malformations. 


Autoimmune Hepatitis in Old Age 


ATH is increasingly diagnosed in the elderly, and AIH patients 
with long-standing disease increasingly reach old age, raising ques- 
tions of management of AIH in the elderly. In this age group 
adequate staging of the disease is important in guiding treatment. 
Those with cirrhosis and very advanced fibrosis still require strin- 
gent immunosuppression, but patients with only minimal fibrosis 
may not need to reach full remission in order to prevent hepatic 
complications or death. Treatment side-effects increase with age, 
in particular bone loss and infectious complications. Therefore, in 
these patients treatment risk needs to be weighed constantly 
against treatment benefits. In addition, these patients require 
careful attention to the application of recommended vaccinations 
for the elderly and for immunosuppressed, such as yearly influ- 
enza vaccines, a polysaccharide pneumococcal vaccination, pos- 
sibly boosted by a polyvalent wider pneumococcal vaccine, and/ 
or meningococcal vaccination. Bone mineral status should be 
assessed in these patients and osteoporosis managed aggressively, 
if steroid therapy is required. Intensity of immunosuppression 
should be reevaluated regularly and the lowest dose necessary 
identified in each individual patient. Treatment response does not 
differ in elderly patients compared with younger patients.'°° 


Comorbidity 


Because AIH is increasingly seen in older patients, significant 
comorbidities such as diabetes may be present. When higher doses 
of steroids are needed in the induction phase, deterioration of pre- 
existing diabetes or manifestations of latent diabetes are frequently 
seen. Together with steroid-induced steatosis, this may often lead 
to an increase in GGT. Upon reduction of steroid dose, GGT 
usually decreases and AIH activity can be monitored by ALT, 
AST, and IgG levels. In an increasingly overweight population, 
patients presenting with AIH may also suffer from obesity and 
associated disease such as nonalcoholic steatohepatitis (NASH). 
Coexistent NASH not only challenges the pathologist but also 
raises problems in treatment of these patients. Steroids usually 
aggravate NASH but are mostly inevitable in inducing remission 
in these patients. Close monitoring, rapid decrease in steroids, 
and in selected cases use of alternative treatment strategies are 
justified. Repeat liver biopsy may be indicated to confirm decrease 
of inflammatory activity, because in this special population, trans- 
aminase levels often are not sufficient to assess inflammatory 
activity. 

Many patients suffer from additional autoimmune diseases and 
the hepatologist is often confronted with immune-modifying 
drugs used for other diseases. Interferon-B should be avoided in 
ATH and etanercept and ustekinumab are probably not effective 
for the treatment of AIH. Methotrexate has antiinflammatory 
activity but can induce liver damage and should therefore only be 
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used under close monitoring and not in patients with advanced 
liver disease. Whenever possible, a treatment regime targeting 
both autoimmune diseases with the same drug should be chosen 
ideally in collaboration with the rheumatologist, dermatologist, 
or neurologist, because risks for infection increase with intensity 
of immunosuppression. In patients with AIH, symptoms pointing 
towards extrahepatic autoimmune diseases should always prompt 
the clinician to initiate proper diagnostics to detect possible 
comorbidities. Thyroid diseases are very common in this patient 
group, and TSH should routinely be determined. 


Fulminant Autoimmune Hepatitis 


In patients with fulminant AIH leading to acute hepatic failure 
immunosuppressive therapy may sometimes be too late to change 
the course of disease, and may indeed represent an additional risk 
factor for fatal infectious complications.” Therefore these patients 
need to be cared for in expert centers with access to emergency 
liver transplantation. A few studies have tried to provide thera- 
peutic guidance for such desperate cases. The general consensus 
is that unless liver function is irreversibly impaired and the degree 
of necrosis on liver biopsy so high that treatment is regarded as 
futile, the patients should receive prednisolone in a relatively high 
dose (e.g., 100 mg/day) intravenously in order to induce a rapid 
response. If this response is observed, treatment should be con- 
tinued, but patients should be very closely monitored for infec- 
tions and treated aggressively. If a response is not observed or if 
liver function deteriorates despite steroid therapy, emergency 
transplantation should be initiated and immunosuppression 
reduced. Normally the 1st week of treatment should show a suf- 
ficient response to justify continued conservative management, 
but lack of improvement for 1 or 2 weeks favors emergency trans- 
plantation. In general, criteria for emergency liver transplantation 
are no different in fulminant AIH than in other causes of fulmi- 
nant hepatic failure. Aggravation of encephalopathy may some- 
times be observed upon application of high dose steroids and is 
an alarm signal supporting the indication for transplantation. 


Autoimmune Hepatitis and Cholestatic 

Liver Diseases (Overlap Syndromes) 

Some patients may have characteristic features of both auto- 
immune hepatitis and of either of the two immune-mediated 
cholestatic liver diseases, primary sclerosing cholangitis (PSC) 
or PBC.!”’ As with AIH on its own, the clinical and histologic 
spectrum of these conditions is very wide, and the exact patho- 
genesis is poorly understood. In clinical practice the term Overlap 
syndrome with the specification Overlap PSC/AIH and Overlap 
PBC/AIH is widely used, but this terminology is probably not 
correct. It appears that only very rarely is there a genuine coex- 
istence of two immune-mediated liver diseases. In fact, a closer 
analysis of a larger group of patients with features of AIH and 
PSC or PBC showed that most of these patients primarily suffer 
from PSC and PBC displaying more or less interface hepatitis 
and immune activation." These results suggest that terms such 
as active PSC (or active PBC), aggressive PSC (or PBC) or hepatitis 
form of PSC (or PBC) more accurately describe the condition. 
Comparison of a group of 20 patients with this apparent AIH/ 
PBC overlap with 20 patients with typical AIH and 20 patients 
with typical PBC showed that both AIH/PBC and PBC patients 
were typical PBC patients with 90% being female and all other 
features, but that the genetic background for AIH, the haplo- 
type Al-B8-DR3, was much more common in the AIH/PBC 
patients.'”’ These results suggest that patients with PBC who have 
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the genetic predisposition to suffer from AIH are more likely to 
have features of AIH, probably secondary to the inflammatory 
milieu in the portal tracts as part of the underlying PBC. On 
the other hand, there are some patients with predominant AIH, 
who at presentation or only a few years later are also found to 
have biliary changes, and who may genuinely suffer from both 
diseases. Interestingly, a coincidence of PSC and PBC is extremely 
uncommon. The specific aspects of patients with features of both 
ATH and either PSC or PBC are discussed separately further on. 


Autoimmune Hepatitis and Primary Sclerosing Cholangitis 
Patients showing features of AIH and PSC are usually younger 
than other patients with PSC, and in children up to half of all 
patients presenting with AIH will eventually turn out to develop 
sclerosing cholangitis. This condition in childhood has received 
the term autoimmune sclerosing cholangitis'™ (ASC), as on the one 
hand typical features of autoimmunity, including a good response 
to steroids, can be observed, and on the other hand typical scleros- 
ing cholangitis eventually develops, and these patients usually 
progress to cirrhosis and require liver transplantation after 15 to 
20 years despite adequate immunosuppressive therapy—contrary 
to AIH with its excellent prognosis in almost all patients receiving 
adequate immunosuppression. Similar presentations can be 
observed in adult patients with most of these patients presenting 
before the age of 30 or soon after. The hepatitis component tends 
to respond very well to immunosuppression. In view of the poor 
prognosis of untreated AIH and the good response to treatment, 
patients with features of AIH and PSC should receive immuno- 
suppression along the same lines as patients with AIH alone. On 
the other hand, the cholangitis responds less well, if at all, to 
immunosuppression, and therefore complete biochemical remis- 
sion is only rarely achieved. Most experts give UDCA at a dose 
of approximately 15 mg/day to these patients in addition to 
immunosuppression, but in view of the controversies concerning 
UDCA treatment in PSC, no general and reliable recommenda- 
tion can be given. The few long-term case series published suggest 
that AIH/PSC patients managed in this fashion have a relatively 
good prognosis with survival times without liver transplantation 
much greater than 20 years''°—which, in view of the average time 
to liver transplantation in PSC and the interpretation that AIH/ 
PSC is a more aggressive form of PSC, suggest at least some 
effectiveness of immunosuppression even against the cholangitis 
component of the disease. 

In view of the association of AIH and PSC, in particular in 
childhood, all children with AIH should receive cholangiography 
(normally MRCP) within 1 year of their presentation in order to 
detect underlying sclerosing cholangitis. In addition, both chil- 
dren and adults with persistent cholestatic laboratory changes 
during follow-up should undergo cholangiographic testing, and 
this may sometimes need to be repeated after a few years, as early 
sclerosing cholangitis may be difficult to detect on MRCP. 


Autoimmune Hepatitis Features 

in Primary Biliary Cholangitis 

ATH features can be found in 10% to 20% of patients with PBC. 
The majority of patients show typical features of both AIH and 
PBC and have relatively mild AIH, which supports the concept 
of secondary hepatitis as part of PBC rather than coincidence. On 
the other hand, whereas PBC has a very good prognosis even if 
untreated, AIH has a very poor prognosis, and even though we 
lack reliable large studies examining the effect of secondary AIH 
in PBC on the long-term prognosis, it appears prudent to give 


immunosuppressive therapy to patients with features of both dis- 
eases. A number of studies have shown that PBC patients receiv- 
ing UDCA treatment and not showing a good laboratory response 
have a poorer prognosis, and it is likely that many of these patients 
do indeed suffer from this condition (secondary AIH, or aggres- 
sive PBC). Usually, the hepatitis component in these patients 
responds well to immunosuppression, and contrary to genuine 
AIH, these patients usually only need low initial steroid doses to 
induce remission. Furthermore, maintenance therapy can often 
be undertaken with relatively low doses of azathioprine, but no 
systematic studies have been performed. The EASL guidelines 
recommend to give UDCA in combination with immunosup- 
pressive therapy along the treatment recommendations for AIH 
in these patients. In practice, two alternative, or complementary 
approaches have been established in most centers. One approach 
is to start with UDCA treatment and assess biochemical response 
after 3 to 6 months, and then add immunosuppression to the 
nonresponders. The other approach is to use histology as guid- 
ance and to give immunosuppression to all patients showing 
marked hepatitis (Hepatitis Activity Index [HAI Score] of 6/18 or 
higher), to use the trial of UDCA monotherapy for patients with 
a HAI score of 4 or 5, adding immunosuppression for those not 
responding sufficiently, and to use only UDCA in patients with 
less inflammatory activity. A combination of these approaches 
is probably best: the more likely AIH activity is on the basis of 
initially laboratory values (high IgG, high transaminases), the 
more likely the patient is to benefit from immunosuppression, 
and liver biopsy should probably be restricted to this group of 
PBC patients. 


Cancer Risk and Surveillance 


As autoimmune hepatitis is a rare disease, there are no large sys- 
tematic studies on cancer risk in this condition. Nonetheless, 
various case series give sufficient guidance for general recommen- 
dations: the risk of hepatocellular carcinoma (HCC) appears to 
be limited solely to AIH patients with cirrhosis. A number of 
research centers have reported small case series of patients with 
HCC arising in AIH, and all reported cases occurred in cirrhosis. 
Furthermore, the risk appears to be related to the inflammatory 
activity of the disease, as many of the HCC cases described were 
patients in whom the diagnosis of AIH had not been made prior 
to the HCC diagnosis, or in patients who had not undergone 
adequate immunosuppressive therapy. The link between inflam- 
matory activity and HCC risk is well described in viral hepatitis, 
and it is therefore likely to be similarly present in AIH, where it 
cannot be tested formally. 

In view of the reported incidence of HCC in patients with 
ATH cirrhosis, ultrasound screening every 6 months in any 
patients with AIH cirrhosis is generally recommended. This rec- 
ommendation is based on the very limited evidence and the 
general recommendations for HCC screening in patients with 
inflammatory liver disease. It may well be that patients with early 
cirrhosis in stable remission on immunosuppressive maintenance 
therapy do not present sufficient risk to require such regular 
ultrasound screening, but in the absence of reassuring evidence to 
this effect the general guideline recommendations stick to the 
stricter surveillance protocol. 

In addition to HCC screening, patients undergoing long-term 
immunosuppressive therapy should undergo skin cancer screening 
at yearly intervals. Again, this recommendation is based on studies 
in other disease entities with other immunosuppressive treatment 


protocols, but in view of the need for life-long immunosuppres- 
sive therapy for the majority of AIH patients, and in view of the 
increasing incidence of skin cancer in particular in Caucasians, 
skin cancer surveillance appears to be very appropriate. 


Liver Transplantation 


At present up to 5% of all liver transplants are undertaken for 
ATH. This rate is clearly too high and is due to both missed diag- 
noses and due to patients whose immunosuppressive therapy was 
suboptimal. Fulminant hepatic failure in ATH is an extremely rare 
event and only accounts for a small proportion of liver transplants 
for AIH. In these patients transplantation is often inevitable, and 
the challenge is to prevent reemergence of the disease in the post- 
transplant period. These patients should receive sufficient immu- 
nosuppressive therapy, and the postoperative immunosuppressive 
regimen should preferably include azathioprine as a highly effec- 
tive drug in suppressing AIH. It may occasionally be difficult to 
distinguish posttransplant reemergence of AIH from rejection 
episodes, and the one may be a cofactor in inducing the other, 
but because the management of both is similar (increase of immu- 
nosuppression), the distinction is not essential.'"' 

Liver transplantation may also be indicated in very advanced 
cirrhosis in AIH. In some patients the diagnosis is only made 
when cirrhosis is so advanced that there is no chance of recovery 
of hepatic function even if inflammation is stopped by immuno- 
suppressive therapy. In these patients, just as in fulminant AIH, 
the risk of immunosuppressive therapy may become higher than 
the risk of the underlying disease by increasing the risk of infec- 
tious complications, and transplantation may be the best option. 
In other patients, cirrhosis advances because the patients are insuf- 
ficiently compliant with treatment recommendations, or because 
treatment is insufficient to control progressive inflammation. The 
latter problem is extremely rare in expert centers, and therefore 
patients who are difficult to manage should be referred to expert 
centers in order to avoid transplantation. In those in whom trans- 
plantation is inevitable, the posttransplant course is usually benign 
and the long-term prognosis of liver transplantation for AIH is 
similar to most other indications for benign progressive liver 
diseases. 


Delivery of Quality Care and 

Management Issues 

To achieve normal life expectancy and quality of life in AIH 
patients, it seems prudent to present patients with difficult-to- 


treat AIH that is not promptly responding to first-line treatment, 
as well as those with significant comorbidities. In medically 
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demanding situations such as pregnancy and birth, transition 
from childhood to adulthood, operations or major diseases expert 
opinion may be helpful. In patients psychologically burdened by 
the diagnosis, an expert center may offer special psychological 
help and access to self-help and peer groups. 

Prophylactic measures such as vaccinations, measurement of 
bone density and regular skin examinations during immunosup- 
pressants are necessary. National and international guidelines are 
available for the treatment of AIH and should be followed. In the 
case of liver cirrhosis, surveillance examinations such as regular 
ultrasound of the liver or gastroscopy to exclude esophageal varices 
are indicated. 

The long-term aim should be not only a normal life expectancy 
but also a good quality of life. Long-term complications of treat- 
ment such as osteoporosis or basal cell carcinoma can be avoided 
with proper treatment and adherence. 


Conclusion 


ATH arises in consequence to a loss of immune tolerance to a 
hepatocyte antigen triggered by unknown factors in a genetically 
predisposed person. The disease can manifest at any age starting 
from early infancy up to the 9th decade of life, but is most 
common in the mid-40s to 50s, with another smaller peak around 
puberty. AIH can present as an acute or even fulminant hepatitis, 
but more common is an insidious onset often leading to delayed 
diagnosis. Diagnosis is based on a combination of clinical and 
laboratory parameters the most important of which are a selective 
increase in serum IgG levels and demonstration of specific auto- 
antibodies. Histologic proof of acute and/or chronic hepatitis is a 
prerequisite for making the diagnosis. Whereas untreated AIH 
leads to development of cirrhosis and death often within a few 
months or years, response to immunosuppressive therapy is excel- 
lent giving most patients a good quality of life and a near normal 
life-expectancy. The aim of treatment is the induction and main- 
tenance of full remission defined as normal transaminase levels 
and normal IgG levels, and, if available, histologic proof of inac- 
tive or only minimal hepatitis. Almost all patients require life-long 
treatment to maintain remission. The challenge of future research 
is understanding the pathogenesis, and on that basis developing 
more specific treatment modalities, which will allow long-lasting 
remission without the need for continuous treatment and moni- 
toring of disease activity. 
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ABBREVIATIONS 


AE2 anion exchanger 2 

AIH autoimmune hepatitis 

ALP alkaline phosphatase 

ALT alanine aminotransferase 

AMA antimitochondrial antibody 

ANA antinuclear antibody 

APRI AST to platelet ratio index 

AST aspartate aminotransferase 

ATX autotoxin 

BMD bone mineral density 

BSEP 4 bile salt export pump 4 

CT computed tomography 

CTLA-4 cytotoxic T-lymphocyte antigen 4 
ELF enhanced liver fibrosis 

ELISA enzyme-linked immunosorbent assay 
FXR farnesoid X receptor 

FIS Fatigue Impact Scale 

GGT y-glutamyltransferase 

GWAS genome-wide association studies 
HDL high-density lipoprotein 

HLA human leukocyte antigen 

HRT hormone replacement therapy 

IL-1 interleukin 1 

IL-12 interleukin 12 

INF-y interferon y 

kPa _ kilopascal 


Introduction 


Primary biliary cholangitis (PBC) is a chronic progressive auto- 
immune cholestatic liver disease. For several decades since the 
disease’s first description, patients were found to have well- 
established cirrhosis at the time of initial diagnosis. However, this 
has changed. With increased awareness and better diagnostic 
tools, most patients are diagnosed at early disease stages. This has 
led to a strong global effort to remove the word cirrhosis from the 
name of this disease. Thus, readers will encounter a new name for 


PBC: primary biliary cholangitis. 
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LDL low-density lipoprotein 

LPA lysophosphatidic acid 

MELD Model for End-Stage Liver Disease 

MHC major histocompatibility complex 

MRCP magnetic retrograde cholangiopancreatography 

MRI magnetic resonance imaging 

NF-«B nuclear factor KB 

2-OADC 2-oxo acid dehydrogenase family of multienzyme 
complexes 

OCA obeticholic acid 

PBC primary biliary cholangitis 

PDC pyruvate dehydrogenase complex 

PPAR-@ peroxisome proliferator-activated receptor o 

PSC primary sclerosing cholangitis 

PXR pregnane X receptor 

SLE systemic lupus erythematosus 

STAT-4 signal transducer and activator of transcription 4 

TGR5 G protein-coupled bile acid receptor 

TNF-a tumor necrosis factor o 

UDCA ursodeoxycholic acid 

ULN upper limit of normal 

US ultrasound 

UTI urinary tract infection 

VCTE vibration-controlled transient elastography 

VLDL very-low-density lipoprotein 


Epidemiology 


Incidence and Prevalence 


Descriptive studies from around the globe confirm that PBC is 
an uncommon disease. Incidence and prevalence have been 
reported from multiple European countries, North America, Aus- 
tralia, Israel, India, and Japan. The annual incidence rates ranged 
from 0.7 to 49 cases per million, whereas point prevalence ranged 
from 6.7 to 402 cases per million, with higher prevalence rates 
seen in northern Europe and the United States.’ Many of these 
studies provide time trends within long observation periods of the 


same specific geographic region, at times indicating an increase in 
incidence and/or prevalence of PBC over time. As an example, 
the annual incidence rate among residents of Sheffield, England, 
increased from 5.8 cases per million to 20.5 cases per million 
between 1977 and 1987. Between 1987 and 1999 no further 
increase was noticed in incidence rates. The prevalence, on the 
other hand, has increased steadily from 54 cases per million in 
1977, to 57 cases per million in 1987, 136 cases per million in 
1993, and 238 cases per million in 1996, possibly reflecting earlier 
diagnosis and/or prolonged survival. Similarly, the reported 
annual incidence in Finland increased by 3.5% between 1988 and 
1999, whereas the prevalence increased by 5.1%. 

Only two epidemiologic studies have been conducted in the 
United States. The first, in Olmsted County, Minnesota, identi- 
fied 46 cases of PBC between 1975 and 1995, providing an 
annual incidence rate of 27 cases per million. The overall age- 
adjusted incidence in women was 45 per million. This number 
did not change over the 20-year study period. The age- and 
gender-adjusted prevalence rate in 1995 was 402 cases per million 
people, with much higher rates among females (654 cases per 
million) as compared with males (121 cases per million).” A 
second study performed in Alaska identified 18 cases of PBC 
between 1984 and 2000, implying a point prevalence of 160 cases 
per million.’ When five cases of antimitochondrial antibody 
(AMA)-negative PBC and six cases of overlap with autoimmune 
hepatitis (AIH) were added, the estimated prevalence rose to 289 
cases per million. Time trends were not offered in the study. 

In 2014, the largest population-based study of PBC to date, 
with 922 patients, showed an increase in incidence and prevalence 
rates in the Netherlands from 2000 to 2008, which was indepen- 
dent of the number of deaths. The mean incidence rate in this 
study was calculated as 11 cases per million with a corresponding 
point prevalence of 132 per million. Furthermore, the diagnostic 
approach and therapy remained unchanged during the study 
period, suggesting a true increase in PBC occurrence. 


Age, Gender, and Race Variation 


Historically, PBC is known to affect predominantly Caucasians, 
although it is reported in all races and ethnicities. The disease is 
far more common in women, with a female: male ratio of approxi- 
mately 10:1 and a mean age at diagnosis of 52 years.” Although 
extremely atypical, the disease has been diagnosed in teenagers 
and is also rare in early adulthood. In the epidemiologic study 
from Boonstra et al. including 922 cases of PBC in the Nether- 
lands, the incidence rates were plotted by decade of life, and were 
below 0.5 per 100,000 for the 20- to 29-year and 30- to 39-year 
age groups.’ Disease presentation in males and females is typically 
similar in terms of symptoms and laboratory abnormalities. 
However, according to data from the UK PBC cohort, it appears 
that men are diagnosed at an older age than women, have more 
advanced disease, and a lower response rate to therapy. Among 
female patients, those presenting at a younger age also have a 
lower response rate to treatment. For example, the response rate 
to ursodeoxycholic acid (UDCA) was greater than 90% in patients 
presenting aged 70 years and older and below 50% in patients 
presenting aged 30 years and younger.’ 

There are also significant differences in PBC by race. Peters 
et al. reviewed clinical, demographic, and laboratory data on 535 
patients who were screened for a multicenter clinical trial between 
1989 and 1998 in 11 states in the United States.° As expected, 
more than 90% of patients were female and the mean age at 
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presentation was 52 years. The vast majority of patients were 
Caucasian (86.3%), although Hispanic patients (7.9%) and 
African-American patients (3.9%) were also represented. After 
adjustment for age and body mass, non-Caucasian patients were 
found to have more severe disease by clinical and laboratory cri- 
teria; specifically, ascites, encephalopathy, and variceal bleeding 
were more common among non-Caucasian patients. Further- 
more, non-Caucasian patients also had more severe pruritus and 
decreased activity level compared with Caucasian patients. 

The manifestation of PBC among Asian patients is less well 
understood given the infrequency of the disease in this popula- 
tion. In a report from Singapore, overall survival free of liver 
transplantation at 5 years was approximately 90%, which is sig- 
nificantly better than that quoted in European and North Ameri- 
can studies.’ However, a direct comparison among studies is not 
possible, and prior studies from Asian countries demonstrated 
5-year survival rates of approximately 70% to 80%, more consis- 
tent with the European experience. 

The impact of ethnicity on the natural history of PBC was 
reported in a more recent study including 210 patients, of whom 
70 were Hispanic.* Hispanic patients were less likely to respond 
to treatment with UDCA and more likely to decompensate with 
ascites or variceal bleeding compared with non-Hispanic patients. 
Furthermore, Hispanic patients with PBC were more likely to 
have overlap features of autoimmune hepatitis compared with 
their non-Hispanic counterparts. 


Geographic Clustering 


The incidence and prevalence of PBC vary considerably in different 
areas of the world, introducing the concept of geo-epidemiology. 
To that extent, investigators have reported geographic clusters 
of PBC within specific subregions in Estonia, Sweden, northern 
England, and Greece,” pointing to a strong role of environ- 
mental factors in the development of PBC. In the United States 
clustering was observed near toxic waste sites in New York City 
and near areas with high levels of air pollution. In addi- 
tion, studies from Australia and Israel have demonstrated that the 
prevalence of PBC among European immigrants was much higher 
than the overall prevalence of PBC in these countries.” English 
studies have demonstrated not only geographical clustering of 
cases in the urban areas of Gateshead and Newcastle, but also 
space-time clustering, which suggests a transient environmental 
exposure (such as an infectious agent).'”'° Together, these studies 
support the hypothesis that exposure to certain environmental 
factors contributes to the etiology of PBC. 


Predisposing Factors 


The strongest risk factor for PBC is family history of the disease, 
with a relative risk as high as 10.5 for an individual whose sibling 
has PBC.” In a study involving 16 pairs of twins, the concordance 
rate in identical twins was 63%, which is among the highest 
reported in autoimmune diseases. On the other hand, no concor- 
dant pair was found among dizygotic twins. These findings 
support the theory that a combination of genetic and environ- 
mental factors is required for the development of PBC. 

Two case-control studies conducted in the United States 
searched for factors that could trigger the disease in genetically 
predisposed individuals. The first study was based on question- 
naires sent to 241 patients with PBC, 261 identified siblings, and 
225 friends of patients with PBC.” This study found that, 
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compared with friends and relatives, patients diagnosed with PBC 
were more likely to develop several autoimmune conditions. Simi- 
larly, first-degree relatives of patients with PBC had a high preva- 
lence of PBC. Other independent risk factors identified in this 
study were a history of tonsillectomy, urinary tract infection, 
vaginal infection, shingles, or cholecystectomy and a history of 
smoking. A second larger study included 1032 patients with PBC 
and 1041 controls selected by random-digit dialing and was per- 
formed through phone interviews.” This study confirmed an 
increased familial occurrence, association with autoimmune dis- 
eases and smoking, and increased frequency of urinary tract infec- 
tions; it also showed a new association with use of nail polish and 
protection conferred by nulliparity. The strength of these risk 
factors is shown in Table 42-1. No associations were found with 
alcohol consumption, breast cancer, stressful life events, and pet 
ownership. 

Further supporting the association described in the US cohort 
studies, data from two large British cohorts also confirmed an 
association between PBC and smoking across all age groups.”' 


WAE Proposed Risk Factors and Associations 
for Primary Biliary Cholangitis 


Medical History 


Family history of PBC 10.74 4.23-27.27 20 
2.26 1.05-5.21 21 
Sjogren syndrome 5.81 1.28-26.44 20 
SIE 2.23 1.26-3.96 20 
Autoimmune diseases 4.92 2.38-10.18 19 
UTI or vaginal infection 2.12 1.10-3.78 19 
UTI ioi 1.192-1.95 20 
2.06 1.56-2.73 21 
Shingles 2.73 1.12-6.67 19 
2.38 1.82-3.11 21 
Psoriasis 1.90 1.21-2.91 21 
Cholecystectomy 2.30 1.16-4.58 19 
Tonsillectomy 1.86 1.02-3.39 19 
Lifestyle 
Previous smoking 2.04 1.10-3.78 19 
Ever smoked S7 1.29-1.91 20 
1.63 1.27-2.09 21 
Regular alcohol consumption 0.57 0.39-0.83 21 
Use of nail polish 1.002 1.00-1.003 20 
Use of hair dye 1.29 1.00-1.80 21 
Reproductive History 
Never pregnant 0.61 0.44-0.84 20 
Ever used HRT 1.55 1.24-1.88 20 
Itching during pregnancy 2.13 1.25-3.59 21 


CI, Confidence interval; HAT, hormone replacement therapy; OR, odds ratio; PBC, primary 
biliary cirrhosis; SLE, systemic lupus erythematosus; UTI, urinary tract infection. 


Patients with PBC were more likely to dye their hair, which most 
often preceded the disease diagnosis. Through multivariate 
analyses, the study consistently demonstrated an association with 
recurrent urinary tract infections and coexisting autoimmune 
conditions. Notably, the study did not find an association with 
gravidity, although patients with itching during pregnancy were 
more likely to develop PBC.*' Overall, like the studies mentioned 
earlier involving pairs of twins, these case-control studies strongly 
suggest a role for both genetic and multiple environmental factors 
in the pathogenesis and clinical presentation of PBC. 


Etiopathogenesis 


The current consensus is that PBC is an organ-specific autoim- 
mune disease that occurs in genetically predisposed individuals. 
Most patients with PBC have AMAs directed against the 2-oxo 
acid dehydrogenase family of multienzyme complexes (2-OADC), 
of which the main targets are the E2 and E3 subunits of the 
pyruvate dehydrogenase complex (PDC-E2 and PDC-E3). Inter- 
estingly, a key shared component of the B-cell autoepitope within 
all these enzymes is a lipoic acid cofactor. 

Although the 2-OADC is located in the inner mitochondrial 
membrane and is present in all nucleated cells, the immunologic 
response in PBC is primarily against biliary epithelial cells. In 
this population, PDC-E2 appears to be aberrantly expressed on 
the cell surface, especially in small bile duct biliary epithelial 
cells. Thus, one of the most fascinating challenges in PBC is 
to explain the mechanisms leading to this localized breakdown 
in immune tolerance. In this regard, emerging data suggest a 
potentially crucial role of apoptosis of biliary epithelial cells as a 
mechanism for the tissue-specific autoimmune reactivity that is 
typical of PBC.” 

Biliary epithelial cells, or cholangiocytes, can regulate expression 
of adhesion molecules, major histocompatibility complex (MHC) 
Classes I and II, tumor necrosis factor œ (TNF-@), interferon y 
(IFN-y), and interleukin 1 (IL-1) in the setting of stimulation by 
specific proinflammatory cytokines. Biliary epithelial cells can also 
act as antigen-presenting cells. Furthermore, these cells are sus- 
ceptible to apoptosis. Several stimuli can trigger apoptosis of these 
biliary epithelial cells, including immune-mediated injury, oxida- 
tive stress, toxins, and infectious agents. Over time, when an 
imbalance occurs between biliary epithelial cell death and the 
ability of residual biliary epithelial cells to proliferate, ductopenia 
prevails. Thus, phagocytosis of apoptotic cells by biliary epithelial 
cells could lead to the expression of endogenous autoantigens, 
which in turn would lead to autoreactivity, progressive cholangio- 
cyte destruction, and ductopenia, one of the hallmarks of PBC 
progression.” 

Accumulation of bile acids follows the progressive biliary 
injury and ductopenia, and bile acids in excess are toxic. In PBC, 
cholestasis also results from defective regulation of the cholangio- 
cyte anion exchanger 2 (AE2), leading to loss of the protective 
“bicarbonate umbrella”. These accumulating bile acids are impor- 
tant signaling molecules, functioning as natural ligands for several 
receptors that can further modulate the immune response. The 
best example is farnesoid X receptor (FXR), a nuclear receptor 
predominantly expressed in the gastrointestinal tract, although G 
protein-coupled bile acid receptors (TGR5s) and other signaling 
pathways are also involved. In preclinical and clinical studies, FXR 
activation modulates bile acid homeostasis, lipid and glucose 
metabolism, fibrosis pathways, and immune regulation. In addi- 
tion, FXR activation has been shown to inhibit the nuclear factor 
KB (NF-KB) signaling pathway, with decreased production of 


TNF-a, IL-1, IL-17, and IFN-y, and therefore modulating 


inflammation. 


Immunogenicity 


The immunologic milieu of the liver in PBC is characterized by 
an infiltration with B- and T-cell lymphocytes, with a CD4‘/ 
CD8* ratio of approximately 2.“ The predominant cytokine 
profile follows a typical Ty1 response with high levels of expres- 
sion of IFN-y mRNA; nevertheless, IL-6 is also present in the bile 
ducts, indicating some contribution of a Ty2 response. Another 
regulatory T-cell subset, T417, which is a major source of IL-17, 
was also found infiltrating liver tissues of patients with PBC.” 
These T cells react to the same epitopes recognized by the B-cell 
lymphocytes in PDC-E2. 

CD8* T cells appear in greater numbers in the liver than in 
the peripheral blood of patients with PBC. In the peripheral 
blood, precursors of CD8* T cells are found in greater numbers 
during early stage PBC as opposed to advanced disease, suggesting 
a role in the development of bile duct injury.”° Also noticeable is 
a decrease in the number and reactivity of CD4*/CD25* regula- 
tory T cells.” The innate response, on the other hand, is enhanced 
in PBC. As a result, more proinflammatory cytokines are released 
in response to a pathogen-associated stimulus. Consistent with 
that, a marked increase in number and activity of natural killer T 
cells is seen. 

In addition to an increase in activated T cells and reduction of 
regulatory T cells, widespread B cell dysregulation is characteristic 
in PBC, with increased B cell reactivity and production of auto- 
antibodies and immunoglobulin M. In patients with PBC, the 
AMA is thought to play a role in the actual destruction of cho- 
langiocytes, although the exact mechanism is still unclear. The 
presence of activated circulating B cells, the differentiation of 
AMAs into PDC-E2-specific plasmablasts, and the response of 
AMAs to various chemokines support this hypothesis.” 
Although the predominant immunoglobulin subtypes of AMA 
have been identified as IgG1 and IgG3, the role of IgA-type AMAs 
in the pathogenesis of PBC has recently resurfaced because the 
biliary epithelial cells can actively transfer IgA. In addition to the 
apical surface of biliary epithelial cells, these IgA-type AMAs are 
also detected in saliva, urine, and bile of individuals with PBC. 

Several hypotheses exist to explain what exactly initiates the 
induction of autoimmunity in predisposed patients, including the 
spillage of autoantigens through apoptosis following cellular 
damage and molecular mimicry, either through exposure to a 
bacterial or viral infection or by exposure to xenobiotics, leading 
to modification of the native PDC-E2. 


Role of Infectious Agents and Xenobiotics 


Escherichia coli, Chlamydia pneumoniae, Lactobacillus delbrueckii, 
Helicobacter pylori, Novosphingobium aromaticivorans, and others 
have all been proposed to lead to PBC through molecular mimicry. 
In addition to bacteria, a beta-retrovirus has also been identified 
in the liver and lymph nodes of patients with PBC. Interestingly, 
a culture of biliary epithelial cells exposed to such lymph nodes 
was shown to induce expression of PDC-E2-like antigens on the 
cell membrane.” However, the role of a viral infection in the 
pathogenesis of PBC has been contested and awaits further 
confirmation. 

Xenobiotics are foreign compounds that can alter the molecular 
structure of self or non-self antigens enough to induce an immune 
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response. This immune response would then recognize not only 
the altered self or non-self antigen but also the native forms. Fur- 
thermore, it has been shown that after being metabolized, certain 
chemicals can generate halogenated structures that are variants 
of the lipoic acid residue in the PDC, thus eliciting a specific 
immune response capable of AMA production.” An example 
of such a xenobiotic is 2-octynoic acid, a substance present in 
cosmetics such as nail polish. In animal models, administration 
of xenobiotics induces production of high titers of AMAs and 
development of histologic evidence of autoimmune cholangitis.” 

The PDC-E2 structure is highly conserved among many 
species, and the cross-reactivity of AMA against bacterial antigens 
is a well-recognized phenomenon. Thus it is proposed that a 
bacterial mimic of PDC-E2 or a chemically modified PDC-E2 
would cause activation of antigen-presenting cells. Alternatively, 
an integrating hypothesis states that a bacterial mimic containing 
lipoic acid would be an attractive target for xenobiotic-induced 
modifications, thus leading to activation of antigen-presenting 
cells. These cells would in turn activate T- and B-cell lymphocytes, 
initiating a cascade of events that would culminate with biliary 
injury.” The deficiency in regulatory T cells and other unclear 
mechanisms would help perpetuate the damage. 


Genetics 


Several lines of evidence point to a strong role for genetics in the 
etiopathogenesis of PBC. First, the disease occurs much more 
frequently among relatives of patients with PBC, with a reported 
rate ranging between 1% and 7%.*‘ Second, the concordance rate 
among identical twins is 63%, which is among the highest 
reported in autoimmune diseases.'* Finally, the well-described 
female predominance and the increased frequency of X mono- 
somy in women with PBC suggest a role for X chromosome 
defects in PBC.” The genetic background in PBC, however, is 
complex and cannot be explained by a single gene abnormality. 
Thus, a “multihit” genetic model was conceived in which specific 
genes would predispose to a breach in immune tolerance, leading 
to disease onset, whereas others would determine disease progres- 
sion. In addition to genetics, various other external factors are 
proposed to affect both disease onset and disease progression. 

Given that specific MHC alleles have been found in association 
with other autoimmune diseases, their association with PBC has 
been explored as well. To date, the association with MHC Class 
I genes is regarded as weak. The study of MHC Class II alleles, 
on the other hand, provides important clues to the pathogenesis 
of PBC. In multiple studies from Germany, Spain, Italy, Sweden, 
and the United States, human leukocyte antigen (HLA)-DR8 
(DRB1*08) was found with higher frequency among Caucasian 
patients with PBC as compared with controls, suggesting that 
DR8 might be a risk factor for PBC. In Great Britain, the linkage 
of DQA1*0401 and DR8-DQB1*0402 was associated with 
disease progression, not onset. These findings have not been con- 
sistent throughout the rest of Europe and Japan, indicating 
perhaps that different alleles have a different impact on the disease 
depending on the geographic location. In addition, preliminary 
data suggest that specific HLA associations may underlie the 
various immunologic phenotypes in PBC. Interestingly, although 
further characterization and unifying data are still needed, a large 
study from Canada and the United States strongly suggested that 
most of the risk of PBC derives from common variants across the 
HLA-DQBI, IL12A, and IL12RB2 loci.” In turn, protection 
against PBC has been associated with the DRB1*13 and DRB1*11 
haplotypes.” >? 
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Investigation of non-HLA risk loci has been powered by 
new genome-wide association studies (GWAS). GWAS have shed 
light into important associations between non-HLA risk loci and 
PBC, and confirmed most, but not all, of the previously reported 
associations. Cytotoxic T-lymphocyte antigen-4 (CTLA-4), for 
instance, has not come up as a risk locus in PBC in these power- 
ful genome-wide studies. GWAS including patients and controls 
from North America, United Kingdom, Italy, and Japan identified 
multiple risk loci previously found in association with various 
other immune-related diseases. In particular, a strong role has 
emerged for interleukin-12 (IL-12) and downstream janus kinase 
and signal transducer and activator of transcription proteins 
(JAK-STAT) signaling pathways in the development of PBC.” 
© Other important loci associated with PBC were NF-KB, the 
interferon regulatory factor 5 (IRF5), and suppressor of cytokine- 
signaling 1 (SOCS1) genes. Very few genes identified in GWAS 
are likely to be disease-specific. Rather, it appears that genetic 
risk identified so far relates to predisposition to autoimmunity 
in general. Furthermore, the impact of such genetic variations 
on specific disease phenotype is unknown. Table 42-2 shows 
non-HLA risk associations emerging from genome-wide studies. 


Clinical Manifestations 

PBC affects predominantly middle-aged women, with mean age 
at presentation of 52 years. A minority of patients are male (at 
most 10%). Up to 40% of patients present at age 65 years and 
older, with the clinical features of the disease in this population 
being identical to those observed in younger patients. 


Asymptomatic Disease 


The clinical presentation of patients with PBC has significantly 
changed since its original description in 1851. Currently, most 
patients are diagnosed while still asymptomatic. Unfortunately, 
the definitions of “asymptomatic disease” vary among the pub- 
lished studies, but frequently indicate patients who do not have 
specific liver-related symptoms or complications. The most con- 
troversial symptom in this regard is fatigue, which has recently 
been the focus of a large amount of research. 

The proportion of patients presenting in the asymptomatic 
stage appears to be higher in Western countries and Japan, 
accounting for up to 85% of all patients. In these cases PBC is 
eventually diagnosed after patients are incidentally found to have 
abnormal liver biochemical values, usually during routine 
check-up visits. In India, Lithuania, Singapore, and Hong Kong 
the rate of asymptomatic disease at presentation ranges between 
20% and 47%, perhaps indicating differences in their healthcare 
systems versus a true difference in the natural history of PBC.’ 


Symptomatic Disease 

Fatigue and pruritus are by far the most common symptoms 
reported by patients with PBC. Jaundice, on the other hand, is a 
late event and is associated with a poor prognosis. Right upper 
quadrant abdominal pain is reported by approximately 10% of 
patients. Symptoms related to portal hypertension and those 
attributed to extrahepatic complications are discussed later in this 
chapter. 


Fatigue 

In North America and Northern Europe, fatigue is reported in up 
to 85% of patients with PBC, and approximately 50% of these 
patients consider it their worst symptom. Even though this has 
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1p36 MMEL1 Celiac, MS, RA, UC, PSC 
1p31.1 IL12RB2 SS 

1931.3 DENND1B Crohn, asthma 

2932.2 STAT4 Celiac, RA, SLE, SS 
3p24.3 PLCL2 MS 

3q13.3 CD80 Celiac 

3q25.33 IL12A MS, celiac 

4q24 NFKB1 MS, UC 

5p13 IL7R MS, UC 

7p14.1 ELMO1 Celiac 

7932 IRF5 SS, SLE, RA, UC 

9q32 TNFSF15 Crohn, UC 

11q13 RPS6KA4 MS, Crohn, psoriasis, sarcoidosis 
11923.3 CXCR5 MS 

14924 RAD51B = 

14932 TNFAIP2 = 

16p13.13 CLEC16A MS, UC, T1DM 

16q24.1 IRF8 UC 

17q12 IKZF3 Crohn, UC, RA, T1DM 
19p13.2 TYK2 Crohn, T1DM, psoriasis 
19q13.3 SPIB = 

22q13.1 MAP3K7IP1 Crohn 


Data from Carbone et al. Implications of genome wide associations studies in novel thera- 
peutics in PBC. Eur J Immunol 2014;44:945-954 and Hirschfield et al. Genetics in PBC: 
What do the “risk genes” teach us? Clin Rev Allerg Immunol 2015;48:176-181. 

MS, Multiple sclerosis; PSC, primary sclerosing cholangitis; RA, rheumatoid arthritis; 
SLE, systemic lupus erythematosis; SS, systemic sclerosis; 77D, type 1 diabetes mellitus; 
UC, ulcerative colitis. 


been considered a subjective complaint, questionnaires assessing 
symptoms and health-related quality of life can provide some 
insight with respect to the impact of fatigue in patients with PBC. 
Using the Fatigue Impact Scale (FIS), investigators have shown 
that patients with higher fatigue scores may have increased mor- 
tality, mostly attributable to cardiovascular causes,“ and excessive 
daytime somnolence.“ Fatigue is known to impact family life and 
job performance,’ and a Canadian study using the Fatigue Assess- 
ment Instrument showed that individuals with PBC and fatigue 
had poor-quality sleep and were significantly more depressed.“ In 
that study, fatigue did not correlate with severity of liver disease 
and was not alleviated by the use of UDCA, findings which were 
validated by other groups.**”? The association with depression was 
also noted in other studies, at variable rates. 

Patients with PBC who are fatigued, both with and without 
cirrhosis, have lower heart rate variability and tend to be more 


hypotensive, all indicating autonomic dysfunction with sympa- 
thetic overactivity and impaired baroreflex sensitivity.” Further- 
more, these patients have accelerated reduction in muscle function 
on repeated sustained activity that correlates with the severity of 
fatigue. Such peripheral muscle fatigability appears to be related to 
excess muscle acidosis after exercise and recent studies point to the 
possibility of mitochondrial dysfunction as a contributing factor.” 

Data from the UK PBC cohort demonstrates lower rates of 
fatigue in men with PBC as compared with women. Additionally, 
autonomic symptoms were less common in men than women. 
Further demonstrating the link between fatigue and autonomic 
dysfunction, in a matched-pair analysis of women and men the 
differences between fatigue scores were proportional to the differ- 
ences in autonomic dysfunction scores. Fatigue is also less common 
in younger patients.’ 

Thus, a hypothesis to explain the pathophysiology of fatigue 
involves both central and peripheral processes. Structural abnor- 
malities in areas of the brain linked to autonomic regulation are 
seen in patients with PBC and fatigue, and there is a correlation 
between lesion load, degree of cognitive impairment and a loss of 
cerebral autoregulation.” With autonomic dysregulation there is 
increased tendency to fall, and increased risk of progressive cogni- 
tive deterioration over time. It is conceivable that the autonomic 
dysregulation also affects blood supply to peripheral muscles and 
the function of proton and/or lactate transporters involved in 
adaptation to the anaerobic metabolism, thus leading to muscle 
fatigue.” Other factors that contribute to the development of 
fatigue include depression, sleep deprivation, medication side 
effects, anemia, and hypothyroidism. 


Pruritus 


Defined as an unpleasant sensation that triggers the need to 
scratch, pruritus is a common complaint among patients with 
PBC. It has been reported in up to 70% of patients, with more 
recent studies indicating a lower prevalence of approximately 20% 
to 30%. Prince et al. followed 770 patients with PBC for symptom 
progression and found that 18.9% reported pruritus at the time 
of diagnosis; the cumulative risk of having pruritus was 45% at 
5 years and 57% at 10 years.” Later, the natural history of pruritus 
in PBC was evaluated in patients participating in clinical trials at 
the Mayo Clinic. The annual risk of developing pruritus among 
patients who did not have this complaint at entry and who were 
randomized to the placebo arm was 27%, whereas the annual risk 
of reporting resolution or improvement of pruritus was 23%.” 
Although this particular study indicated that the serum alkaline 
phosphatase (ALP) level and the Mayo risk score were indepen- 
dent predictors of pruritus, this relationship has not been shown 
consistently. Indeed, it appears that no direct correlation exists 
between biochemical markers of cholestasis or disease stage and 
the presence of pruritus, except perhaps for an increased incidence 
of severe pruritus in patients with florid duct lesions.” In addi- 
tion, pruritus is known to improve or resolve once liver failure 
ensues in some patients. 

Pruritus in PBC is often generalized and intermittent, although 
it can certainly be relentless, and the severity will more typically 
be mild to moderate. It leads to marked impact on quality of life 
because of impaired sleep and depression. Rarely, pruritus can be 
severe enough to be considered disabling, and there are reports of 
liver transplantation indicated on the basis of this symptom alone. 
Even though the pruritus in PBC is not secondary to skin lesions, 
the physical exam will often reveal evidence of chronic scratching, 
such as excoriations, hyperpigmentation, and prurigo nodularis. 
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Our knowledge on the pathogenesis of pruritus in PBC has 
grown substantially over the past several years. The pruritogenic 
substance in cholestasis is thought to be formed or biotransformed 
in the liver and be secreted into bile. It is further thought to 
accumulate in the systemic circulation and, finally, to affect the 
endogenous opioidergic system. Early speculations that bile acid 
accumulation in the plasma and tissues of patients with PBC 
would cause pruritus remain largely unproven. Nevertheless, bile 
acid-induced activation of TGR5, a receptor expressed in dorsal 
root neurons, can trigger an increase in basal scratch activity. 
The interest in bile acids as pruritogenic substances is dampened 
by a lack of correlation between serum bile acid concentration 
and the intensity of itching. Furthermore, the concentrations 
of bile acids used to stimulate TGR5 in the study described 
earlier were much higher than that observed in clinical cholestasis. 
Neurosteroids, on the other hand, can also stimulate TGR5 in 
the central nervous system and could potentially contribute to 
itching. Importantly, other endogenous pruritogenic substances 
and pathways have been under scrutiny, including opioid peptides, 
serotonin, acetylcholine, endothelins, substance P, kallikreins, leu- 
kotrienes, prostaglandins, and, more recently, lysophosphatidic 
acid (LPA). 

Several lines of evidence support a role for an increased opioid- 
ergic tone in the pathogenesis of pruritus in PBC.” First, as 
opposed to healthy volunteers, patients with PBC develop 
withdrawal-like symptoms after taking an opioid antagonist. 
Second, central administration of opioids induces pruritus, which 
is then improved by an opioid antagonist. Third, patients with 
cholestatic liver disease have increased serum levels of the endog- 
enous opioid peptides methionine-enkephalin and leucine- 
enkephalin, with down-regulation of -opioid receptors. Fourth, 
clinical trials show that opioid antagonists improve pruritus in the 
setting of cholestasis. Taken together, the data suggest that either 
there is increased central opioidergic neurotransmission leading 
to pruritus or the opioid antagonists can possibly inhibit the 
release of a pruritogen that has not yet been identified. With 
regard to genetics, a single nucleotide polymorphism has been 
reported in exon 1 of opioid receptor u-1, which possibly protects 
against the scratching behavior, and another in exon 25 of the 
multidrug resistance protein 2 gene, which was significantly asso- 
ciated with the presence of pruritus. 

Because an itch-specific neural pathway has been recently 
described,” investigators now turned their attention to identify- 
ing itch-specific neurotransmitters and receptors. Specifically, the 
LPA-autotoxin (ATX) axis was identified as a key component in 
cholestatic itch.” Six G-protein-coupled receptors for LPA have 
been well identified on itch-selective neurons. ATX is the enzyme 
responsible for formation of LPA from its precursor, lysophospha- 
tidylcholine. As LPA is a rather unstable neuronal activator, serum 
ATX activity has been used as a more reliable marker, and found 
to correlate with intensity of pruritus and with response to thera- 
peutic interventions. Furthermore, rifampin, a drug with strong 
antipruritic effects, was found to inhibit ATX expression at the 
transcriptional level in human liver-derived cell lines, possibly 
through pregnane X receptor (PXR) activation.” 

Several questions remain unanswered, including the source of 
serum ATX, identification of LPA-ATX axis regulatory pathways, 
which specific LPA receptors and signaling pathways are required 
for LPA-induced pruritus, and which other factors are involved 
in initiation and potentiation of itching. Better understanding of 
the pathogenesis of pruritus will obviously lead to novel targeted 
approaches to therapy. 
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Portal Hypertension 


Only a minority of patients with PBC will have signs and symp- 
toms consistent with portal hypertension at the time of their 
diagnosis. In one of the largest population-based studies, 3% of 
patients had ascites, 1.3% had bleeding esophageal varices, and 
1.4% had hepatic encephalopathy at presentation. It was esti- 
mated that 10 years later 20% would have ascites, 10% would 
have bleeding esophageal varices, and 12.6% would have hepatic 
encephalopathy.” Interestingly, complications of portal hyperten- 
sion can precede the histologic development of cirrhosis in 10% 
to 20% of patients, due to portal venous compression, perisinu- 
soidal fibrosis, and nodular regenerative hyperplasia. Clinical fea- 
tures of portal hypertension in PBC are similar to those in patients 
with other forms of chronic liver disease. 


Extrahepatic Complications 


Bone Disease 

Osteoporosis is present in 20% to 40% of patients with PBC. In 
contrast, osteomalacia is only rarely seen in this patient popula- 
tion. Such increased prevalence of osteoporosis actually translates 
into a measurable twofold increase in fracture risk, especially at 
the spine, forearm, and hip.°' Risk factors for osteoporosis include 
advanced age, low body mass index (< 24 kg/m’), and advanced 
histologic disease stage. The severity of cholestasis, the PBC 
Mayo risk score, postmenopausal state, and intestinal calcium 
malabsorption have all been inconsistently reported as predic- 
tive of osteoporosis. Similarly, genetic polymorphisms have been 
considered to influence bone disease in PBC, but with conflicting 
results. Although the pathogenesis of hepatic osteodystrophy in 
PBC is still disputed, it appears to be characterized by a combina- 
tion of decreased bone formation and increased bone resorption. 


Fat-Soluble Vitamin Deficiency 

As PBC progresses and cholestasis worsens, the lack of an available 
pool of bile salts required for absorption of fat-soluble vitamins 
may lead to malabsorption of vitamins A, D, E, and K. As such, 
data derived from a clinical trial involving 180 patients with PBC 
indicated that the proportion of patients with vitamin A, D, E, 
or K deficiency was 33.5%, 13.2%, 1.9%, or 7.8%, respectively.’ 
In general, the risk of a fat-soluble vitamin deficiency is higher 
with more advanced disease and lower cholesterol or albumin 
levels. 


Hyperlipidemia 

Up to 85% of patients with PBC will have hyperlipidemia at 
presentation. Hypercholesterolemia is typical in early and inter- 
mediate stages, with marked elevation of high-density lipoproteins 
(HDLs) and modest elevations of low-density and very-low-den- 
sity lipoproteins (LDLs and VLDLs, respectively). As the disease 
advances, we observe that HDL levels decrease significantly, 
whereas LDL levels remain elevated because of a progressive 
decrease in LDL receptors in injured hepatocytes and subsequent 
decrease in LDL clearance. Also, the composition of LDL changes 
during this stage: the concentration of lipoprotein X, a particle of 
LDL that is believed to have antiatherogenic properties, is elevated 
as well.” Triglyceride levels are normal or mildly elevated in the 
advanced stages. 

Xanthelasmas, yellowish subcutaneous cholesterol deposits 
found around the eyes, and xanthomas, cholesterol deposits 
around the tendons, bony prominences, and peripheral nerves, 
are commonly seen in patients with PBC. Xanthomas, but not 


Ww\=)8=3 Systemic Conditions Associated With 
GZ Primary Biliary Cholangitis 


Sjogren syndrome 70 
Renal tubular acidosis 50 
Gallstones 30 
Arthritis 20 
Thyroid disease 20 
Scleroderma 15 
Raynaud syndrome 10 
CREST syndrome 5 
Celiac disease 4 


CREST, Calcinosis, Raynaud phenomenon, esophageal involvement, sclerodactyly, and 
telangiectasia. 


xanthelasmas, directly correlate with the plasma cholesterol levels 
and are usually seen with cholesterol levels greater than 600 mg/ 
dL. A clear correlation between hyperlipidemia and cardiovascular 
disease has not been demonstrated in patients with PBC and 
treatment decisions should be made based on the presence or 
absence of additional risk factors in each individual patient.°°°* 


Associated Autoimmune Diseases 

A number of autoimmune diseases can be seen with increased fre- 
quency among patients with PBC (Table 42-3), including dry eyes/ 
dry mouth syndrome (Sjögren syndrome, up to 70%), thyroiditis 
(15%), scleroderma/CREST syndrome (calcinosis, Raynaud phe- 
nomenon, esophageal involvement, sclerodactyly, and telangiecta- 
sia; 5-15%), rheumatoid arthritis (10-20%), celiac disease (4%), 
and systemic lupus erythematosus (2%). Other rarely reported 
associations include inflammatory bowel disease, sarcoidosis, idio- 
pathic thrombocytopenic purpura, hemolytic anemia, polymyosi- 
tis, pulmonary fibrosis, and pulmonary hypertension. 


Malignancies 

Available data support an increased risk of hepatocellular carci- 
noma in patients with cirrhotic-stage PBC. The most consistent 
risk factor for hepatocellular carcinoma in PBC is advanced his- 
tologic stage, although older age, male gender, evidence of portal 
hypertension, and history of blood transfusion have also been 
implicated.’ More recently, a large multicenter international 
study including 4565 patients with PBC identified lack of bio- 
chemical response to UDCA as the most significant risk factor for 
the development of hepatocellular carcinoma.” 


Diagnosis 


The diagnosis of PBC is frequently made based on a combination 
of laboratory findings—persistent elevation of serum ALP level 
for at least 6 months and presence of AMAs at a titer of 1:40 or 
greater or a level greater than 0.1 unit. Demonstration of typical 
features on liver biopsy can further confirm the diagnosis. In 
AMA-positive patients, a liver biopsy is required when serum ALP 
level elevation is less than 1.5 times the upper limit of normal 


WAS Differential Diagnosis of Primary 
arama Biliary Cholangitis 
Extrahepatic biliary tract obstruction 
Choledocholithiasis 
Strictures 
Malignancy 
Primary sclerosing cholangitis 
Drug-induced cholestasis (e.g., estrogens, phenothiazines) 
Granulomatous hepatitis 
Autoimmune hepatitis 
Chronic hepatitis C 
Alcoholic hepatitis 
Sarcoidosis 


and/or the concentrations of serum transaminases are elevated to 
more than 5 times the normal level.” Furthermore, all AMA- 
negative patients should undergo liver biopsy. The differential 
diagnosis of PBC is listed in Table 42-4. 


Laboratory Findings 


Although levels of serum transaminases can be elevated, features 
of cholestasis predominate, with more prominent elevation of 
serum ALP and y-glutamyltransferase (GGT) levels. Typically, 
serum levels of immunoglobulin M will be elevated and variable 
degrees of hyperlipidemia will be present. Synthetic dysfunction 
with reduction of serum albumin level, elevation of total bilirubin 
level, and prolongation of prothrombin time can be evident in 
the setting of advanced liver disease. 


Antimitochondrial Antibodies 


The diagnostic hallmark of PBC is the presence of AMAs, which 
has a specificity of 95% for PBC. However, this autoantibody can 
be absent in up to 10% of patients when indirect immunofluo- 
rescence is used. More recently, with the introduction of recom- 
binant autoantigens and the use of immunoblotting, AMAs will 
be detected in up to 95% of patients with PBC. Before the diag- 
nosis of AMA-negative PBC is made, a liver biopsy should defi- 
nitely be obtained and reviewed by an expert pathologist. 

Patients who lack AMA seropositivity have the same clinical, 
biochemical, and histologic features of those who are AMA posi- 
tive.“ Furthermore, they also have similar clinical outcomes and 
response to UDCA or liver transplantation.” Thus, although the 
detection of AMAs in the serum is highly specific for PBC and 
aids in the process of making the diagnosis, their presence appears 
to be clinically irrelevant. 

Asymptomatic patients in a rheumatology clinic with AMA 
titers of 1:40 or greater or AMA levels greater than 0.1 unit and 
normal liver biochemistry values have been followed for up to 30 
years and the likelihood that these individuals will eventually 
develop clinically evident PBC is very high: at the end of follow-up, 
80% of these patients will have definite PBC, and an additional 
14% will have probable PBC.”° Nevertheless, in the general popu- 
lation, in which up to 0.5% of individuals can test positive for 
AMA, PBC will actually develop in fewer than 10%.” Perhaps 
healthy individuals found to have AMA positivity should undergo 
annual evaluation of serum liver biochemistry values, although no 
specific guidelines currently exist. 
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PBC-Specific ANAs and Clinical Correlation 


Anticentromere Associated with portal hypertension 78 
and hepatic failure 

Anti-gp210 Associated with hepatic failure, 78 
increases sensitivity and 
specificity of diagnosis 

Anti-sp100 Not associated with hepatic failure, 78 


but increases sensitivity and 
specificity of diagnosis 


Antikelch-like 12 Increases sensitivity and specificity 81 
of diagnosis (especially in 


AMA-negative PBC) 


Antihexokinase 1 Increases sensitivity and specificity 81 
of diagnosis (especially in 


AMA-negative PBC) 


AMA, Antimitochondrial antibody; ANA, antinuclear antibody; PBC, primary biliary cholangitis. 


Other Autoantibodies 


Antinuclear antibodies (ANAs) are present in approximately half 
of all patients with PBC, and in up to 85% of those who are 
AMA negative. Different types of ANAs have been described in 
PBC and some are believed to have prognostic importance. Anti- 
centromere antibodies, for instance, are associated with a higher 
frequency of portal hypertension” whereas antinuclear envelope 
antibodies such as anti-gp210, which provides a perinuclear stain- 
ing pattern, are associated with worse overall survival. Other 
ANAs seen in PBC include antimultiple nuclear dots, with speci- 
ficity against the sp100 soluble protein and the promyelocytic leu- 
kemia protein, and anti-dsDNA, frequently seen in the so-called 
overlap syndromes. Both the perinuclear/rimlike and the mul- 
tiple nuclear dots staining patterns are considered PBC specific.” 
Recently, new autoantibodies with very high specificity have been 
described in PBC: antikelch-like-12 and antihexokinase-1.°' In 
the future, testing for these antibodies may aid in the diagnosis 
of AMA-negative PBC. Table 42-5 displays some of the common 
ANA autoantibodies seen in PBC and their clinical correlations. 

In addition, in the presence of one of the previously-mentioned 
associated autoimmune diseases, the corresponding autoantibody 
is likely to be detected as well: anti-SSA/Ro in sicca syndrome, 
anti-Scl70 in systemic scleroderma, and anticentromere antibody 


with CREST syndrome, for example. 


Imaging Studies 


Cross-sectional imaging of the liver can be obtained through 
ultrasound (US), computerized tomography (CT), or magnetic 
resonance imaging (MRI). Noninvasive and inexpensive, US is 
usually the first test performed to exclude extrahepatic biliary 
obstruction, which is part of the differential diagnosis of PBC. A 
more detailed exam with use of Doppler US, CT, or MRI can 
provide valuable information on the size and morphology of the 
liver and spleen, signs of hepatocellular carcinoma, degree of col- 
lateral circulation, presence of ascites, direction and velocity of 
portal vein flow, and presence of portal vein thrombosis and/or 


(3 |: SONAE Immune Diseases and the Liver 


e Fig. 42-1 Florid duct lesion in primary biliary cirrhosis. A, H & E stain (magnification approximately 
x200) demonstrating a classic florid duct lesion in a patient with PBC. (From Sclair SN, Little E, Levy C. 
Current Concepts in PBC and PSC. Clinical and Translational Gastroenterology. 2015; 6, e109.) 
B, Immunostaining of the portal tract in A with anticytokeratin-7 highlighting the bile duct that is infiltrated 
with lymphocytes. (Courtesy of Nilesh Kashikar MD, PhD, University of Miami.) 


lymphadenopathy. Lymphadenopathy has been reported in 62% 
to 88% of all patients with PBC, mainly in the periportal region.” 
Frequently, portocaval, cardiophrenic, gastroduodenal, periaortic, 
and peripancreatic adenopathy is also reported. It appears that 
larger lymph nodes of up to 2 cm are more common with more 
advanced PBC. Although the risk of lymphoma is reportedly less 
than 1%, bulky lymphadenopathy may need further investigation 
to exclude malignancy. 

Liver morphology studies show that hepatic atrophy is not 
common, although hypertrophy of the left lobe or caudate is 
frequently seen. Investigators have reported a lacelike pattern of 
fibrosis, with thin or thick bands of low attenuation surrounding 
regenerating nodules, by T,-weighted MRI and CT in advanced 
PBC.” This finding, however, is not specific for PBC. The “halo 
sign” by MRI—hypointense areas encircling small portal vein 
branches, which would represent areas of fibrous deposition 
around the portal triads—is thought to have some specificity to 
PBC.” 

Finally, MRI with magnetic retrograde cholangiopancreatog- 
raphy (MRCP) can also be used to differentiate the pruning of 
small intrahepatic bile ducts seen with advanced-stage PBC from 
the typical beading pattern of stricturing and dilatations charac- 
teristic of primary sclerosing cholangitis (PSC). 


Histology 


With increased awareness of the disease among healthcare provid- 
ers and improved sensitivity of newer-generation AMA tests, liver 
biopsy is no longer considered a requirement to make the diag- 
nosis of PBC. Moreover, prognostic information can be obtained 
through well-validated mathematical models that do not require 
input regarding histologic results. 

In PBC only bile ducts that are less than 100 um in diameter 
are involved. Two staging systems have been used to describe the 
histologic progression of PBC—Ludwig and Scheuer systems, 
which are both similar. In Stage I disease there is inflammation 
and nonsuppurative destruction of the bile ducts; the infiltrates 


contain lymphocytes, plasma cells, eosinophils, and mast cells, 
and the process is restricted to the portal tracts. Epithelioid non- 
caseating granulomas form very close to the injured bile duct, 
forming the so-called florid duct lesion (Fig. 42-1). They can 
occasionally be seen in the lobule as well. As the disease progresses, 
these damaged bile ducts disappear, causing ductopenia, a very 
important diagnostic hint. In Stage II disease the inflammatory 
process extends to the interface with the hepatic parenchyma, and 
there may be ductal proliferation. Both Stage I and Stage II are 
considered “early.” The presence of septal fibrosis indicates that 
the disease has progressed into Stage III, and cirrhosis and regen- 
erating nodules characterize Stage IV.™ Interestingly, features of 
all stages can overlap. For instance, a florid duct lesion can be seen 
in a biopsy specimen with septal fibrosis and interface hepatitis. 
These classification systems have been criticized for not allowing 
more detailed staging, especially with respect to the degree of 
fibrosis. Fig. 42-2 shows a schematic representation of the histo- 
logic stages of PBC. 

Two new histologic scores have been devised for use in PBC: 
the Japanese staging system (Nakanuma) and the French staging 
system, also called FBI (fibrosis, bile duct ratio, interface hepati- 
tis). These systems appear reproducible, but are not yet used 
routinely in clinical practice. Specifically, the Japanese system may 
correlate with clinical outcome as well. 

Histologic progression does not necessarily occur at the same 
rate as clinical progression, and the presence of cirrhosis does not 
correlate with the presence of symptoms. Most untreated patients 
will progress histologically within 2 years.” Along with serum 
markers such as total bilirubin and albumin levels, the presence 
of piecemeal necrosis on liver biopsy appears to predict progres- 
sion to cirrhosis.*° 


Natural History of Untreated Patients 


PBC has a long protracted clinical course, and the following four 
distinct clinical phases are recognized: preclinical or silent, asymp- 
tomatic, symptomatic, and preterminal or liver failure. The rate 


e Fig. 42-2 Schematic representation of the staging system of primary 
biliary cholangitis (Ludwig classification). Stage | is inflammation within 
the portal space, focused on the bile duct. Stage Il occurs when the 
inflammation extends into the hepatic parenchyma (interface hepatitis or 
piecemeal necrosis). Stage Ill is fibrosis, and Stage IV is cirrhosis with 
regenerative nodules. 


of progression is highly variable and patients do not necessarily 
pass through all four phases (Fig. 42-3). They may first start at 
any of these phases and may skip phases as they progress. 

The so-called silent phase is characterized by an incidentally 
found positive AMA, but with normal serum liver biochemistry 
measurements. Without treatment it can take up to 22 years for 
a patient to progress from an isolated positive AMA to death. 
Metcalf et al. have been following a small cohort of 29 patients 
initially found to have an isolated positive AMA and normal liver 
chemistries. At diagnosis, most had liver biopsy findings that were 
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at least consistent with PBC. After up to 18 years of follow-up, 
76% developed symptoms and 83% proceeded to show abnormal 
liver tests in a cholestatic pattern characteristic of PBC.*’ An 
extended report with up to 30 years of follow-up suggested that 
perhaps patients who present this way have a more indolent 
course, because their overall survival without liver transplantation 
was 12.8 years compared with 9.6 years in an unselected group 
of 770 patients with PBC.”° Median overall survival for untreated 
PBC patients, symptomatic and asymptomatic combined, ranges 
between 6 and 10 years, with more recent studies showing longer 
survival times. 

Most patients today present in the asymptomatic phase, which 
can last several years. Eventually, however, symptoms will develop; 
thus this phase is regarded as temporary. In a study from England, 
half of 469 patients who were asymptomatic at presentation had 
developed symptoms at 5 years of follow-up, and it was estimated 
that only 5% remained asymptomatic after 20 years.” Liver- 
related mortality is decreased in asymptomatic patients compared 
with symptomatic patients, with median survival of 24.1 years 
versus 14.6 years, respectively. Unfortunately, it has been well 
demonstrated that even asymptomatic patients have a decreased 
survival compared with the general population. Those who remain 
asymptomatic over the years, however, appear to have similar 
survival as the age- and sex-matched population.” 

With regard to the impact of symptoms on survival, a high 
fatigue score appears to independently predict mortality after 4 
years of follow-up, a finding that needs further validation.“ More 
importantly, portal hypertension is known to predict a poor prog- 
nosis. Huet et al. confirmed this by demonstrating a clear correla- 
tion between higher hepatic vein gradients and worse survival 
among patients with PBC.” Liver failure is estimated to occur in 
15% to 25% of patients after 5 years of follow-up.” Once fluid 
retention ensues, survival is significantly decreased, with approxi- 
mately half of the patients deceased at 3 years.” Similarly, 3-year 
survival after the first episode of esophageal variceal bleeding is 
slightly less than 50%.” 


Treatment 


Treatment of Primary Biliary Cholangitis 


Ursodeoxycholic Acid 


UDCA is the first therapy approved by the U.S. Food and Drug 
Administration for the treatment of PBC. A dosage of 13 to 
15 mg/kg/day is superior in terms of biochemical response and 
cost when compared with 5 to 7 mg/kg/day or 23 to 25 mg/kg/ 
day dosages and should be reinforced. Most studies using that 
dose have shown a decrease in serum total bilirubin, ALP, GGT, 
cholesterol, and immunoglobulin M levels. Improvements in liver 
histologic results were also apparent: through mathematical mod- 
eling, investigators have shown a fivefold reduction in progression 
rate from early-stage PBC to extensive fibrosis (7% per year with 
UDCA administration vs. 34% per year with placebo).”’ In addi- 
tion to significantly delaying progression of fibrosis, UDCA 
reduces periportal necroinflammation and improves ductular pro- 
liferation. Likewise, one study suggested that UDCA can decrease 
the risk of developing esophageal varices in patients with PBC.” 
Unfortunately, UDCA has not demonstrated a consistent effect 
on the treatment of symptoms such as fatigue and pruritus or 
on the management of bone disease associated with cholestasis. 
The proposed clinical effects of UDCA in PBC are shown in 
Table 42-6. 
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Death 


e Silent 


e Asymptomatic 
phase 


e Symptomatic e Liver failure 


phase 


Fatigue/pruritus/ 


j ee, 


e Fig. 42-3 Schematic representation of the four phases in the natural history of primary biliary 


cholangitis. 


wAN-j}83 Observed Clinical Effects of Ursodeoxycholic 
sea Acid in Patients With Primary Biliary 
Cholangitis 
Laboratory Tests 
Improves serum ALP, TB, GGT, AST, ALT, total cholesterol 


Histology 

Delays progression of fibrosis 

Improves portal inflammation 

Improves piecemeal necrosis 

Symptoms 

No clear effect on fatigue or pruritus 
Complications of Primary Biliary Cholangitis 


Delays development of esophageal varices 
Stabilizes or reduces portal vein gradient 
Does not improve bone disease 


Survival 
Extends survival free of transplantation 


ALP Alkaline phosphatase; AL7, alanine aminotransferase; AST, aspartate aminotransferase; 
GGT, y-glutamyltransferase; 7B, tuberculosis. 


Many individual studies have been unable to show a survival 
benefit for patients receiving UDCA therapy. However, combined 
analyses of the largest trials lasting for a minimum of 2 years and 
using the endorsed dosage of 13 to 15 mg/kg/day clearly demon- 
strate an improved survival free of liver transplantation for UDCA 
users.” Even in this combined analysis, however, in which patients 
were treated for up to 4 years, a significant reduction in the likeli- 
hood of liver transplantation or death was only noticed for patients 
with moderate to severe disease. This is easy to explain because 
PBC progresses very slowly and patients with early histologic 
disease at study entry were not likely to progress significantly over 
the 4-year study period. Thus, it is not surprising that meta- 
analyses including studies with shorter duration or lower dosages 
of UDCA failed to demonstrate improved survival in UDCA- 
treated patients. 

An elegant Canadian study measured the portohepatic gradi- 
ent in 132 patients with PBC at baseline and every 2 years there- 
after. The investigators noticed that after 2 years of treatment with 
UDCA the gradient was either stabilized or decreased, and such 
response predicted better survival on multivariate analysis.” 
Another independent predictor was normalization of the serum 


aspartate aminotransferase (AST) level at 2 years. Patients who 

achieved both goals were considered “responders,” and they had 

the same 15-year survival as the control population. 

The definition of response to therapy has been the subject of 
debate, and defining who is a biochemical responder is important 
in identifying patients who could benefit from additional thera- 
pies. Pares et al. showed that patients with PBC who had normal- 
ization or at least a 40% decrease from baseline values toward the 
upper limit of normal (ULN) in the serum ALP level after 1 year 
of treatment with UDCA had similar survival times as the age- 
and gender-matched control population and significantly better 
outcomes than predicted by the Mayo risk score after up to 16 
years of follow-up.” Interestingly, even patients without such 
biochemical response had some improvement in survival com- 
pared with that estimated by the Mayo risk score, albeit still 
substantially decreased compared with the control population. 
These predictors came to be known as the Barcelona criteria. 

In contrast, Corpechot et al. developed a new set of goals, 
known as the Paris criteria, to define biochemical responders to 
UDCA. In this study involving 292 patients with PBC, investiga- 
tors demonstrated that the combination of a serum bilirubin level 
less than or equal to 1 mg/dL, ALP less than or equal to three 
times the ULN, and AST less than or equal to two times the ULN 
after 1 year of therapy could accurately discriminate patients at 
lower risk of death or liver transplantation.” Indeed, patients who 
did not meet those criteria had a 2.5-fold increase in the risk of 
death or liver transplantation. Yet another conclusion of the study 
was that long-term treatment with UDCA over a 7-year period 
was associated with a 40% decrease in the risk of death or liver 
transplantation when compared with survival estimated by the 
Mayo risk score. 

A subsequent Dutch study assessing the usefulness of serum 
albumin and bilirubin measurements in determining long-term 
prognosis was also able to validate the French criteria. The inves- 
tigators reached the following conclusions: 

1. Patients with normal baseline values for serum albumin and 
bilirubin have survival similar to the general population. 

2. Normalization of serum albumin and/or bilirubin levels after 
1 year of treatment with UDCA when one or both of these 
parameters was (were) abnormal at baseline is associated with 
increased survival free of liver transplantation, compared with 
patients who do not normalize these laboratory tests. 

3. The Paris criteria performed well in discriminating patients at 
higher mortality risk, but the Barcelona criteria only worked 
well for individuals with early-stage disease (defined as normal 
baseline serum albumin and bilirubin concentrations).”* 


Regardless of the stage of disease, all these studies show a long- 
term benefit of UDCA therapy in PBC in patients who have a 
biochemical response as defined by any of the previously men- 
tioned criteria. 

Recently, the Global PBC Study Group, an international con- 
sortium of 15 North American and European centers, reported 
that serum levels of ALP and bilirubin followed annually corre- 
lated with important clinical outcomes. At 1 year of follow-up, 
ALP levels less than two times the ULN best predicted patient 
outcomes: those with ALP less than two times the ULN had an 
84% 10-year survival, compared with 62% among those with 
serum ALP levels greater than or equal to two times the ULN. 
Furthermore, serum bilirubin levels above the ULN also predicted 
outcomes: those with normal serum bilirubin had a 10-year sur- 
vival of 86% whereas those with bilirubin above the ULN had 
a 10-year survival of 41%. Combining ALP and bilirubin levels 
at these cutoffs predicted outcomes even better. These results 
remained statistically significant independent of patients’ age, 
gender, or treatment with UDCA.” 

The mechanisms of action of UDCA in PBC are multiple'’?'”’ 
(Table 42-7). First, UDCA is a hydrophilic bile acid and, as such, 
lacks the cytotoxic effect on cell membranes that is so character- 
istic of more hydrophobic bile acids, such as lithocholic acid. 
Thus, bile enrichment with UDCA protects the cholangiocytes 
against membrane damage. Second, UDCA has a known chole- 
retic effect that has been demonstrated both in vitro and in vivo. 
This stimulation of biliary secretion is achieved mainly through 
up-regulation of synthesis, apical insertion, and activation of the 
bile salt export pump (BSEP) and the conjugate export pump 
(Mrp2); investigators also speculate about possible blockage of 
additional uptake of bile acids by UDCA through alterations in 
second messengers. Third, there is strong evidence that UDCA 
can stabilize the mitochondrial membrane and prevent its depo- 
larization, thus reducing production of reactive oxygen species 
and preventing apoptosis. Hydrophobic bile acids, on the other 
hand, are known to increase mitochondrial permeability, leading 
to mitochondrial swelling and activation of caspase-9, thereby 
triggering a cascade of events that culminate with cell apoptosis. 
Finally, UDCA has immunomodulatory effects that have been 
demonstrated in patients with PBC. UDCA reverses aberrant 
expression of HLA Class I molecules on hepatocytes and 


WAIE Proposed Mechanisms of Action of 
GZA Ursodeoxycholic Acid in Patients With 
Primary Biliary Cholangitis 
Hepatocytes 
Stimulate biliary secretion of bile acids 
Inhibit apoptosis 
Activate glucocorticoid receptors 
Reverse aberrant expression of HLA Class | molecules 
Cholangiocytes 
Protect against cytotoxicity of hydrophobic bile acids 
Possible antiapoptotic effect 
lleocytes 
Inhibit bile acid carriers 


Monocytes 
Decrease cytokine secretion 
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modulates secretion of cytokines by peripheral monocytes in vitro. 
It is possible that these effects are mediated through activation of 
the glucocorticoid receptor, which is currently being examined as 
a potential target for UDCA. 


Other Older Drugs for Primary 

Biliary Cholangitis 

A variety of older drugs have been tested without major success 
in patients with PBC, including immunosuppressants (predniso- 
lone, azathioprine, cyclosporine, chlorambucil, methotrexate, 
budesonide, and mycophenolate mofetil), antifibrotic agents 
(D-penicillamine and colchicine), malotilate, and thalidomide. As 
a result of the immune nature of PBC, corticosteroids and other 
immunosuppressants received early attention. However, despite a 
marginal effect noticed with some of these drugs given alone or 
in combination with UDCA, treatment-related irreversible side 
effects preclude their clinical use. 

Methotrexate is still used by some experts for patients who 
fail to respond to UDCA. However, a large randomized control 
study of combination UDCA/methotrexate versus UDCA/ 
placebo administration for a median follow-up time of 7.6 years 
did not demonstrate any additional benefit of methotrexate on 
progression of disease, development of esophageal varices, need 
for transplantation, or decreased mortality in comparison with the 
use of UDCA alone.'” Aside from more bone marrow suppres- 
sion in the methotrexate group, adverse events in this study were 
not different between treatment arms. This was different from 
prior trials showing more pulmonary toxicity, increased alopecia, 
and worsening fatigue among methotrexate-treated patients. A 
similar controversy exists with colchicine, an antifibrotic agent. 
A study comparing long-term use of methotrexate/UDCA versus 
colchicine/ UDCA showed no difference between treatment arms, 
and estimated survival was as predicted by the Mayo risk score, 
indicating no change in the natural course of the disease." Nev- 
ertheless, individual successful cases have encouraged its use by 
experts in special situations. 

Budesonide, a nonhalogenated glucocorticoid absorbed in the 
small bowel with 90% hepatic first pass metabolism, has been 
studied in PBC. Two randomized controlled trials’ and a 
third nonrandomized'”° pilot study have evaluated the combina- 
tion of budesonide and UDCA on outcomes in PBC. Both ran- 
domized studies showed a greater reduction in serum ALP and 
improved histology (grade and stage) in the budesonide + UDCA 
groups, whereas the UDCA alone group actually had histologic 
deterioration. In the nonrandomized pilot study, there was a very 
modest improvement in ALP level (21% reduction) but an 
increase in the Mayo PBC risk score, suggesting worsening of 
disease. Side effects of budesonide in all three studies included 
mild glucocorticoid effects. Cirrhotics were not included in the 
randomized trials as pharmacokinetic studies suggested altered 
metabolism and an additional risk of developing a portal vein 
thrombosis.” Thus, with few exceptions, the use of budesonide 
is best reserved for patients with overlap syndrome with autoim- 
mune hepatitis. 


New Agents 


Obeticholic Acid 


Obeticholic acid (OCA) is a derivative of chenodeoxycholic acid 
and a ligand and potent activator of farnesoid X receptor (FXR). 
FXR regulates bile acid homeostasis and animal studies have 
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shown both antiinflammatory and antifibrotic properties. The 
efficacy of OCA in patients with inadequate response to UDCA 
was reported in a multicenter, randomized, placebo-controlled 
trial including 165 patients.” In this phase-2 study comparing 
OCA at doses of 10 mg, 25 mg, and 50 mg to placebo over a 
3-month period, serum ALP levels were significantly reduced in 
the OCA groups compared with placebo. Such improvement in 
serum ALP was sustained in a 12-month open-label extension trial 
including 78 patients. Pruritus was the most common adverse 
event and was dose-related. 

A double-blind, placebo-controlled, phase-3 study of OCA 
was conducted in 217 patients with inadequate response to 
UDCA."” Patients were randomized to one of three arms for 12 
months: placebo; 5 mg/day OCA with the possibility of titrat- 
ing up to 10 mg/day after 6 months; or 10 mg/day OCA. The 
primary endpoint of the study was a combined goal of decreas- 
ing serum ALP to less than 1.67 times the ULN with a reduc- 
tion of at least 15% from baseline, while maintaining serum 
bilirubin within ULN. Far more patients in the OCA groups 
reached this endpoint compared with the patients on placebo: 
47% and 46% for the OCA groups, and only 10% for the 
placebo group. Pruritus was less common among patients who 
started at 5 mg/day OCA. These results were the basis for the US 
Food and Drug Administration’s provisional approval of OCA 
for PBC. 


Fibrates 


A number of publications from the United States, Europe, Israel, 
and Japan have reported improvement in liver biochemistries 
in patients with PBC treated with fibrates (i.e., fenofibrate and 
bezafibrate). For example, in a U.S. study of 20 patients with 
incomplete response to UDCA who were treated with fenofibrate 
160 mg/day for 48 weeks, 11 (55%) met the Barcelona response 
criteria.'' In a similar study from Spain using bezafibrate, 70% 
patients had biochemical response.''' More recently, a small ran- 
domized (but unblinded) study from Japan''* compared long- 
term outcomes of patients treated with bezafibrate + UDCA (n = 
13) to patients treated with UDCA alone (7 = 14). After 8 years, 
both ALP and Mayo PBC risk scores were lower in the bezafi- 
brate + UDCA group, but there was also an unexplained trend 
towards increased mortality in patients treated with bezafibrate. 
Lastly, a comprehensive systematic review summarizing the effects 
of fenofibrate as adjunct therapy in PBC reported a complete 
response rate of 69%.''’ Although the aforementioned studies 
using fibrates as adjunctive therapy report encouraging results, 
long-term effects remain unclear. Furthermore, data reported 
from these studies are mainly uncontrolled and with small patient 
samples. Thus, results of larger randomized controlled trials are 
needed before the use of fibrates can be recommended in clinical 
practice. The postulated mechanism of action is through activa- 
tion of the peroxisome proliferator—activated receptor o& (PPAR- 
&) pathway, with antiinflammatory effects, modulation of bile 
acid synthesis, and improved choleresis. 


Immunomodulators 

Novel therapies targeting the immune response have also been 
studied. Rituximab, a chimeric monoclonal antibody against 
CD20, was evaluated as proof of concept in two small pilot 
studies.''*'!° Use of rituximab was associated with only a modest 
improvement in serum ALP levels but a significant decrease in 
autoantibody production. Studies with ustekinumab, an antibody 
directed at the common IL12/IL23 p40 chain, and NI-08091, 


an anti-CXCL10 monoclonal antibody, yielded negative results. 
Other immunomodulatory drugs are currently under evaluation 
in PBC, including abatacept, a soluble protein consisting of the 
extracellular domain of human CTLA-4 (cytotoxic T-lymphocyte 
antigen 4) linked to a modified fragment crystallizable (Fc) portion 
of IgG1, which is known to down regulate T cell activation. 


Stem Cell Transplantation 


Umbilical cord—derived mesenchymal stem-cell transplantation 
was attempted in 10 patients. Although a significant improvement 
was noted in serum ALP levels, other liver biochemistries, IgM, 
and Mayo Risk Score were unchanged. Long-term effects of stem- 
cell transplantation in PBC are not known. 


Treatment of Associated 
Symptoms and Conditions 


Pruritus 


Cholestyramine is first-line therapy for pruritus based on its wide- 
spread use and safety. Starting dose is 4 g/day, which can be 
increased up to four times daily. Because this medication is a bile 
acid-binding resin, it should be administered at least 2 to 4 hours 
apart from UDCA and other medications to prevent loss of 
efficacy. 

Rifampicin is a PXR agonist and enzyme inducer, and has been 
used as a second-line agent to treat pruritus. Given a 10% to 15% 
risk of hepatitis, we recommend starting at only 150 mg/day and 
titrating up to a maximum of 300 mg twice a day. "° 

Evidence of increased opioidergic tone as a potential cause of 
pruritus in PBC led to studies using opioid antagonists as third- 
line therapy, such as 25 to 50 mg/day naltrexone. ''” This has been 
dampened by adverse side effects including an opioid withdrawal— 
like reaction, pain, and confusion. Preloading the patient with 
escalating doses of intravenous naloxone has been advocated to 
prevent such a withdrawal-like syndrome. Nevertheless, results in 
clinical practice are not as encouraging. There are case reports of 
transdermal buprenorphine in the management of pruritus, which 
also requires further evaluation. 

Finally, sertraline has been shown in small studies to improve 
pruritus in PBC and other cholestatic diseases and can be used 
instead of naltrexone as a third-line option.''* The optimum dose 
is 75 to 100 mg/day, and is usually well tolerated. 

Invasive approaches such as extracorporeal albumin dialysis, 
plasmapheresis, and bile duct drainage have been reported as 
rescue therapy for refractory cases. The use of vagal nerve stimula- 
tion remains experimental. 


Fatigue 

The first step in the management of fatigue is to exclude and/or 
treat conditions, such as anemia, hypothyroidism, adrenal insuffi- 
ciency, and depression, which could be contributing to the clinical 
presentation. Sleep disturbance should be addressed appropriately. 
Medications such as B-blockers and calcium channel blockers, 
which can exacerbate autonomic dysfunction, should be adjusted. 
For patients with excessive daytime somnolence and fatigue, use 
of modafinil 100 to 200 mg/day has been advocated through case 
series and small uncontrolled studies,” although the results were 
negative in a placebo-controlled trial.'’* Otherwise, fluoxetine, 
ondansetron, and fluvoxamine have all failed to improve fatigue 
in patients with PBC. 


Fat-Soluble Vitamin Deficiency 


Patients with advanced-stage PBC should be tested annually for 
deficiencies of vitamins A, D, E, and K, and replacement should 
be prescribed as indicated, followed by a maintenance dose. The 
replacement and maintenance doses, respectively, are as follows: 
vitamin A, 50,000 U/day for 3 days and 10,000 U/day; vitamin 
D, 50,000 U/week for 8 to 12 doses and 1000 U/day; vitamin E, 
10 U/kg/day and 30 U/day; vitamin K, 50 mg/day and 5 mg/day. 


Hyperlipidemia 

To date, no correlation has been found with respect to an increased 
risk of cardiovascular events in the setting of hyperlipidemia of 
PBC. Therefore treatment should be offered according to the 
patient’s individual risk factors for cardiovascular disease. Statins 
have proven safe in small studies in this population. 


Metabolic Bone Disease 


The guidelines of the American Association for the Study of Liver 
Diseases (AASLD) recommend that a bone density study be 
obtained at baseline when PBC is first diagnosed and then every 
2 to 3 years.''’ Supplementation with calcium 1000 to 1500 mg/ 
day and vitamin D 800 to 1000 U/day is usually recommended 
for prevention of bone disease in this at-risk population. Vitamin 
D levels should be checked annually in those with advanced liver 
disease and replacement with 50,000 U given two to three times 
per week in case of deficiency. 

Only a few studies have been published on the management 
of bone disease in cholestatic patients. Hormone replacement 
therapy appears to be effective in increasing the bone mineral 
density (BMD) in patients with PBC, although cholestasis can 
worsen in some patients. The use of raloxifene, a selective estrogen 
receptor modulator, in a small study involving nine patients with 
PBC successfully increased BMD without apparent toxicity. Cal- 
citonin, on the other hand, did not prove useful in this popula- 
tion. The best available data regarding PBC come from a 
randomized controlled trial of alendronate versus placebo involv- 
ing 34 patients with PBC and osteopenia or osteoporosis. Alen- 
dronate 70 mg/week significantly improved BMD compared with 
placebo and was not associated with more adverse events.'*” More 
recently, Guanabens et al. demonstrate that the efficacy of weekly 
alendronate and monthly ibandronate in patients with PBC and 
osteoporosis is similar (resulting in similar increases in BMD after 
2 years of therapy) but that there is better medication compliance 
with ibandronate.'*! 

The European clinical practice guidelines suggest the use of 
alendronate for those patients with a T score of less than —2.5 by 
DEXA scan or following pathologic fracture.''° Its use in patients 
with T scores less than —1.5 can be considered on an individual 
basis. In particular, bisphosphonates should be considered for 
osteopenic patients when there is a 10-year hip fracture probabil- 
ity greater than or equal to 3%, or a 10-year major osteoporosis- 
related fracture probability greater than or equal to 20% based on 
the WHO fracture risk model. 


Liver Transplantation 

Because it is the only definitive treatment for patients with 
advanced PBC, transplantation is performed for those who pro- 
gress to liver failure despite available medical therapy. The indica- 
tions to proceed with transplant are the same as for other etiologies 
of chronic liver disease. In this regard, the Model for End-Stage 
Liver Disease (MELD) score has been used for organ allocation 
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since 2002. This model takes into account the serum bilirubin 
level, creatinine level, and international normalized ratio, as well 
as the need for dialysis. Refractory pruritus and excessive chronic 
fatigue have only rarely been used as indications for liver trans- 
plantation. Notably, recent studies derived from the UK PBC 
cohort strongly suggest that fatigue does not improve significantly 
after liver transplantation for PBC, and thus should not be used 
as the main indication for the procedure.'”” 

The greatest challenge is not to determine who will need a 
transplant, but to decide when the transplant will be needed. The 
ideal timing for liver transplant in patients with PBC is still a 
matter of debate. A study using the Mayo risk score to evaluate 
patients undergoing liver transplantation in three large centers in 
the United States suggested that the risk of death after transplant, 
as well as resource utilization, is lower when transplant is per- 
formed for patients with Mayo risk scores of 7.8 or lower, although 
patients can certainly be transplanted with higher Mayo risk 
scores.’ Alternatively, serum total bilirubin level can be used as 
a single indicator. Patients should be referred to a transplant center 
when the bilirubin concentration reaches 5.9 mg/dL, and trans- 
plant should be considered before the bilirubin level reaches 
10 mg/dL. 

The number of liver transplants performed for PBC appears to 
be decreasing worldwide, possibly as a result of long term use of 
UDCA.'**"° When performed, the overall posttransplant survival 
is excellent, with the 5-year survival rate in the United States and 
Europe averaging 78% to 87%.'”'*° Despite early data indicating 
improvement of quality of life and symptoms in patients with 
PBC undergoing transplantation, more recent cohort studies 
suggest that systemic symptom severity, including fatigue and 
cognitive decline, may be identical in pre— and post-—liver trans- 
plant patients and unrelated to recurrent disease. '”” 


Recurrent Primary Biliary Cholangitis 


Primary biliary cholangitis recurs in 11% to 34% of all patients 
who receive transplants for that indication.'** Recurrent PBC is 
diagnosed mainly through histologic criteria, because serum 
remains positive for AMAs after transplant and serum ALP levels 
may be elevated for multiple reasons. Thus, the proportion of 
patients diagnosed with recurrence will vary according to the 
frequency with which liver biopsies are performed. In institutions 
where protocol biopsies are obtained at preestablished intervals 
the recurrence rate tends to be higher, whereas lower prevalence 
will be seen in institutions where biopsies are only obtained for 
specific indications. The median time to recurrence is 36 to 61 
months. 

Predictors of recurrence have been investigated in six studies 
to date. Interestingly, use of tacrolimus-based regimens was associ- 
ated with increased recurrence rate in four of those studies.” 
Moreover, patients prescribed tacrolimus had earlier recurrence 
compared with those taking cyclosporin A. Two other indepen- 
dent variables linked to PBC recurrence were male sex and recipi- 
ent age. 

The effect of UDCA on recurrent PBC was evaluated in a 
retrospective study involving 154 patients undergoing transplan- 
tation for PBC. Of 52 (34%) patients with recurrent disease, 38 
(73%) were treated with an average of 12 mg/kg/day of UDCA. 
Significantly more of the treated patients had normalization of 
the serum alkaline phosphatase level compared with untreated 
patients, but UDCA did not affect histologic progression over the 
36-month period.'”” Regardless, available data indicate that graft 
loss attributable to recurrent PBC is extremely rare. 


624 SECTION VI 


Immune Diseases and the Liver 


Prognosis 


Numerous predictors of prognosis have been evaluated in PBC, 
but only a few have been validated and are in use in clinical 
practice. The most commonly used are mathematical models, 
which will be discussed later, and several others are currently 
undergoing further investigation. 


Laboratory Tests 


Total bilirubin is the best single laboratory test to independently 
predict survival; however, jaundice only occurs late in the disease. 
The AST to platelet ratio index (APRI) score has been used as an 
indirect predictor of outcomes in other liver diseases and was 
recently evaluated in patients with PBC as well. APRI was found 
to predict clinical decompensation, death, or liver transplantation 
in PBC independently of biochemical response to UDCA. APRI 
scores greater than 0.54 at baseline and after 1 year of therapy 
with UDCA were associated with poor clinical outcomes. 
Markers of fibrosis have been explored and exciting results were 
seen with the enhanced liver fibrosis (ELF) assay, which showed 
an area under the curve of 0.76 to predict advanced fibrosis and 
cirrhosis. Remarkably, by stratifying according to low, intermedi- 
ate, and high values for the ELF assay, investigators were able to 
accurately predict clinical events. Each 1-point increase in ELF 
was associated with a threefold increase in future clinical compli- 
cations.'*' Other serologic tests that appear promising include the 
use of specific autoantibodies, such as the anti-gp210, which 
indicates increased risk of death by liver failure, and the anticen- 
tromere, which appears to be associated with an increased risk of 
developing portal hypertension.” The use of genetic polymor- 
phisms as a means to stratify patients according to likelihood of 
clinical/histologic progression may be an area for future research. 


Histology 


Although liver biopsies are performed less frequently, histologic- 
intensive studies can provide important information regarding 
prognosis which in turn can help identify patients who need 
additional therapy. The presence of moderate to severe lympho- 
cytic piecemeal necrosis indicates a higher risk of progression to 
cirrhosis.*° Similarly, the presence of features that resemble overlap 
syndrome, such as severe interface hepatitis, is associated with 
worse overall survival.'** 


Elastography 


Vibration-controlled transient elastography (VCTE) is an ultra- 
sound exam that uses pulse-echo ultrasound acquisitions to 
measure liver stiffness in kilopascals (kPa). This technique allows 
for a noninvasive assessment of liver stiffness in a volume of liver 
that is approximately 100 times greater than that obtained from 
liver biopsy. Corpechot et al. used VCTE to assess for fibrosis in 
patients with PBC and PSC and found a significant correlation 
between the liver stiffness measurements and the histologic and 
fibrosis stages on biopsy.'” In this study, liver stiffness measure- 
ments using VCTE accurately predicted fibrosis stage in 69 
patients with PBC who underwent paired VCTE measurements 
and liver biopsy. The areas under the receiver operating character- 
istic curves were 0.92, 0.95, and 0.96 for = F2, > F3, and F4, 
respectively. Optimal liver stiffness values for F2, F3, and cirrhosis 
(F4) were 7.3, 9.8, and 17.3 kPa, respectively. 


Investigators from Spain conducted a similar study in 55 
patients with PBC. Again, liver stiffness correlated well with his- 
tologic findings when the slides were examined by an independent 
blinded pathologist.'** When assessment of liver fibrosis in 45 
patients with PBC was carried out with VCTE, MRI, MR spec- 
troscopy, serum markers of fibrosis and histology as the gold 
standard, investigators reported comparable results between MRI 
and VCTE, with an accuracy of 80% to 83% in detecting fibrosis 
stages of II or greater.'” 

More recently, in a longitudinal study of 150 PBC patients 
treated with UDCA, serial VCTE measurements were performed 
over a period of years, and liver stiffness measurement correlated 
with survival. The areas under the receiver operating characteristic 
curves for F1, F2, F3, and F4 were 0.80, 91, 0.95 and 0.99, 
respectively, with the following cutoffs: 7.1, 8.8, 10.7, and 
16.9 kPa. The overall liver stiffness progression rate was 0.48 + 
0.21 kPa/year, but more rapid in cirrhotics (4.06 + 0.72 kPa/ 
year). Importantly, an increase of 2.1 kPa/year was associated with 
an 8.4-fold increase in the risk of liver decompensation or death. ° 
This latter study provides evidence for the use of noninvasive 
elastography technologies for the assessment of disease progres- 
sion and response to therapy in patients with established PBC. A 
recent review on VCTE suggests a cutoff of 17.9 kPa to diagnose 
cirrhosis in biliary diseases. '”” 


Mathematic Models 


Several mathematic models have been created and well validated, 
among which the Mayo risk score is the most widely used, at least 
in the United States. Indeed, a study conducted in Olmsted 
County, Minnesota, demonstrated not only that this prognostic 
index is reliable in predicting survival but also that it can be used 
in the community with the same accuracy.” Other models include 
the Oslo, Newcastle, European, and Barcelona risk scores. In all 
of these models, total bilirubin level is the most heavily weighted 
variable. 

In the Mayo risk score, the patient’s age, serum total bili- 
rubin and albumin levels, prothrombin time, and presence 
or absence of edema and ascites and the use of diuretics are 
independent variables entered into a computer-generated 
model to generate a prediction. This is available at http:// 
www. mayoclinic.org/medical-professionals/model-end-stage- 
liver-disease/updated-natural-history-model-for-primary-biliary- 
cirrhosis. Histologic information is not required. The Mayo risk 
score has been shown to retain its accuracy in predicting survival 
for patients with PBC who are treated with UDCA. 

The Mayo risk score has also been used to optimize timing of 
liver transplantation’ and to determine patients who are at 
higher risk for esophageal varices and who would benefit from a 
screening upper endoscopy.””'”” Despite the accuracy of the Mayo 
risk score in predicting long-term survival without liver transplan- 
tation, the model tends to overestimate survival in patients with 
poor short-term outcomes; the mathematical models cannot yet 
replace good clinical judgment. 


Special Populations 


Antimitochondrial Antibody—Negative 

Primary Biliary Cholangitis 

The proportion of patients who are AMA negative is dependent 
on the population studied and also on the choice of test to detect 
the AMAs. Immunofluorescence is insensitive; enzyme-linked 


immunosorbent assay (ELISA) or immunoblotting will detect 
AMAs in up to 80% of patients considered to be AMA negative 
by immunofluorescence. Newer generations of ELISA directed 
against the PDC-E2 subunit may capture additional patients. 

Frequently, AMA-negative patients will have detectable anti- 
nuclear or anti-smooth muscle antibodies. As previously men- 
tioned, some antinuclear antibodies appear to be specific for PBC, 
including those targeted against gp210, nucleoporin p62, and 
nuclear pore complex, which generate a rimlike pattern on immu- 
nofluorescence, and those against sp100 or promyelocytic leuke- 
mia protein, which generate the multiple nuclear dots pattern. 
Therefore the presence of these antinuclear autoantibodies does 
not indicate a diagnosis of autoimmune hepatitis (AIH) nor 
of overlap syndrome (see following section). Some experts use 
the term autoimmune cholangitis to define AMA-negative PBC 
patients who do have detectable antinuclear or antismooth muscle 
antibodies. Whether this represents a distinct clinical entity is 
debatable. 

Available literature indicates that patients who are AMA nega- 
tive but with typical histologic findings have the same clinical and 
biochemical features of those who are AMA positive. Importantly, 
they also have similar outcomes with respect to response to 
therapy and survival without liver transplantation. 


Overlap of Primary Biliary Cholangitis 
and Autoimmune Hepatitis 


The term overlap syndrome was coined to describe patients who 
have overlapping features of a chronic cholestatic disease, such as 
PBC or PSC and AIH. Although a precise and well-accepted 
definition is lacking, it is estimated that approximately 5% to 
10% of patients initially diagnosed with AIH or with PBC have 
such overlapping features. 

Various case-finding methods have been described, with the 
easiest and yet more selective definition perhaps being the one 
used by Chazouilleres et al.“ These investigators proposed that 
overlap could be diagnosed in patients who met two out of three 
criteria for each disease, with at least moderate interface hepatitis 
being required in all cases. In this regard, at least two of the fol- 
lowing three criteria were needed for the diagnosis of PBC: (1) 
AMA seropositivity; (2) serum ALP levels at least twice the ULN 
or serum GGT levels at least five times the ULN; and (3) bile 
duct lesions in the liver biopsy. For AIH at least two of the fol- 
lowing criteria were required: (1) serum aminotransferase levels at 
least five times the ULN; (2) serum immunoglobulin G levels at 
least twice the ULN or positive antismooth muscle antibodies; 
and (3) a liver biopsy showing moderate or severe interface hepa- 
titis. These criteria have been incorporated in the practice guide- 
lines from the European Association for the Study of the Liver. 
Importantly, evidence of at least moderate interface hepatitis must 
be present for the diagnosis of PBC-AIH overlap. 

In 2011, the International Autoimmune Hepatitis Group 
issued a position statement on the topic of overlap syndromes, pro- 
posing that patients with autoimmune liver disease be categorized 
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according to the predominating feature as AIH, PBC or PSC, 
instead of considering overlap syndrome as a distinct entity.“ 

Importantly, one should recognize that overlapping features of 
PBC and AIH may be present at the time of diagnosis (as a con- 
comitant presentation) or appear later during the course of the 
disease (as a sequential presentation). The pathophysiology of 
overlap between PBC and AIH is largely unknown. Because tran- 
sition cases have clearly been demonstrated, with PBC patients 
developing well-defined AIH months to years after the original 
diagnosis and vice versa, some investigators have proposed that 
there is a continuum between PBC and AIH, with overlap being 
in the middle. However, this remains speculative. 

Recognizing these overlapping features is important and may 
justify repeating liver biopsies in patients with incomplete response 
to UDCA or in patients who worsen after a long period of stabil- 
ity. It is possible that such patients have a worse overall prognosis 
compared with patients with pure PBC, with more complications 
related to portal hypertension and more deaths.” Thus, more 
aggressive therapy with the use of immunosuppressants is prob- 
ably indicated in these cases and indeed has been shown to be 
effective in multiple small case series. According to European 
guidelines, the treating physician may decide whether to use cor- 
ticosteroids and UDCA at the time of diagnosis of the overlapping 
features or to start with UDCA and later add a corticosteroid if 
an appropriate response is not observed within 3 months.''° 


Conclusion 


Primary biliary cholangitis, is a chronic cholestatic liver disease 
which may progress towards biliary cirrhosis if left untreated. 
With the introduction of UDCA therapy a shift was observed in 
the natural history, with fewer patients progressing to end-stage 
liver disease and a reduction in the number of patients requiring 
liver transplantation for PBC. A significant minority of patients 
do not respond to this therapy and may continue to progress. The 
most common symptoms are pruritus and fatigue, for which 
universally effective therapy is yet unavailable. Much progress has 
been made in terms of understanding the genetics and patho- 
physiology of both PBC and its symptoms, and more effective 
targeted therapies are expected soon. Meanwhile, growing knowl- 
edge on the role of nuclear receptors on bile acid homeostasis and 
inflammation/fibrosis pathways led to recent studies using the 
FXR agonist obeticholic acid with promising results. At the 
present time, liver transplantation remains the only available treat- 
ment for patients with end-stage disease and has excellent long- 
term outcomes. Disease may recur, but graft loss due to recurrence 
is very uncommon. 
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ABBREVIATIONS 


AIH autoimmune hepatitis 

ALP alkaline phosphatase 

ALT alanine aminotransferase 

AMA antimitochondrial antibody 

ANA antinuclear antibody 

AST aspartate aminotransferase 

CA carbohydrate antigen 

ERC endoscopic retrograde cholangiography 
FISH fluorescence in situ hybridization 
GWAS genome-wide association studies 
HLA human leukocyte antigen 

IBD inflammatory bowel disease 

IgG4 immunoglobulin G4 

IL-6 interleukin-6 

MRC magnetic resonance cholangiography 
NK natural killer 

pANCA perinuclear antineutrophil cytoplasmic antibody 
PBC primary biliary cholangitis 

PSC primary sclerosing cholangitis 

SMA anti-smooth muscle antibody 

SXR steroid and xenobiotic receptor 
TNF-a tumor necrosis factor o 

UC ulcerative colitis 


Introduction 


Sclerosing cholangitis refers to a broad array of diseases that cause 
fibrosis of the bile ducts, usually of medium-sized and large ducts, 
leading to a segmental pattern of narrowing with proximal dilata- 
tion. It has classically been divided into primary and secondary 
types. Secondary sclerosing cholangitis may be a complication of 
a number of different injuries, inflammatory reactions, or malig- 
nancies. Included in this group is a newly defined group of dis- 
eases with elevated levels of immunoglobulin G4 (IgG4) that can 
involve the bile ducts, so-called IgG4-related sclerosing cholangi- 
tis. Primary sclerosing cholangitis (PSC) is a heterogeneous, 
idiopathic, inflammatory disorder of the bile ducts frequently 
associated with inflammatory bowel diseases (IBDs) of the colon 
resulting in strictures of the intrahepatic and/or extrahepatic bile 
ducts. Although most PSC patients have IBD, only approximately 


626 


5% of IBD patients will develop PSC, and despite intensive 
investigation the underlying causes of PSC and the IBD associa- 
tion remain poorly understood. PSC can affect all age groups and 
has been described in a variety of ethnic/racial groups but is best 
characterized in populations of northern European descent. The 
natural history of PSC is variable in terms of liver disease progres- 
sion, with numerous possible clinical outcomes. In addition to 
progression to portal hypertension, cirrhosis, and its complica- 
tions, PSC patients may also have bacterial cholangitis, cholan- 
giocarcinoma, and colorectal adenocarcinoma. Clinical trials 
focusing primarily on bile acid therapy and immunosuppression 
have not yet proven beneficial effects. Liver transplant remains the 
best option for those with advanced disease or in select patients 
with localized cholangiocarcinoma. However, recurrent PSC 
occurs at a low rate and may require repeated liver transplant. 
Increasing interest in PSC and international collaboration has led 
to improved understanding of the heterogeneity of the disease and 
its underlying genetic structure, and has opened new opportuni- 
ties to pursue effective therapeutics. 


Variants of Sclerosing Cholangitis 


I shall not today attempt further to define the kinds of material I 
understand to be embraced within that shorthand description; and 
perhaps I could never succeed in intelligibly doing so. But I know 
it when I see it. 

JUSTICE POTTER STEWART 


The first description of PSC has been attributed to Hoffmann’ 
in 1867, and in the 1920s the description of an obliterative 
cholangitis of the extrahepatic biliary tree with diffuse thicken- 
ing of the wall and narrowing of the lumen was described by 
the French surgeons Delbet"* and Lafourcade.'” However, the 
moniker primary sclerosing cholangitis (PSC) was first used in 1954 
by Castleman“ and later in a 1958 review of six cases by Schwartz 
and Dale." Early descriptions of PSC noted the predominance 
of men in the third and fourth decades of life and the association 
with ulcerative colitis (UC). However, increasingly the features of 
PSC are seen in a variety of clinical settings with variable subphe- 
notypes, suggesting that what is often described as PSC may be 
a syndrome arising from several different underlying pathologic 
processes (Table 43-1). The distinction of sclerosing cholangitis 
as primary versus secondary will likely become more irrelevant as 
we better understand the mechanisms leading to PSC and define 


strict diagnostic criteria. Nevertheless, for current purposes, we 
will maintain the distinction between PSC and secondary scleros- 
ing cholangitis (Fig. 43-1). 


Primary Sclerosing Cholangitis Variants 


Large Duct Primary Sclerosing Cholangitis 


The classic form of PSC as originally described has several char- 
acteristic features; namely, large duct PSC occurs predominantly 
in men (male/female ratio 3:2), is coexistent with IBD in 60% 
to 80% of cases, and typically presents with cholestasis. The IBD 
typically is a pancolitis with frequent ileitis and rectal sparing. In 
addition, the IBD is commonly mild and asymptomatic. The 
association between PSC and IBD appears to be greater at north- 
ern latitudes, although even there the frequency of IBD PSC is 
decreasing. The natural history of large duct PSC ranges from 
rapidly progressive to indolent. The mean transplant-free survival 
has been reported to be from 12 years to more than 20 years, with 
the latter including more recent population-based estimates.” 


TABLE 
Variants of Primary Sclerosing Cholangitis 


Large duct PSC 

Non-IBD PSC 

Small duct PSC 

PSC-AIH overlap 

Pediatric PSC (autoimmune sclerosing cholangitis) 
Non-Caucasian PSC 

IgG4-related sclerosing cholangitis 


AIH, Autoimmune hepatitis; /BD, inflammatory bowel disease; /gG4, immunoglobulin G4; 
PSC, primary sclerosing cholangitis. 


Primary sclerosing 
cholangitis 


Large duct PSC 


CHAPTER 43 Primary and Secondary Sclerosing Cholangitis | (=7/ 


This group of PSC is the most common and best described and 
for which there is the best understanding, including the strong 
association with the human leukocyte antigen (HLA) haplotype 
defined by HLA-A*01, HLA-B*08, and HLA-DRB1*03. 


Non-IBD Primary Sclerosing Cholangitis 

In contrast to PSC in the presence of IBD, PSC in the absence 
of IBD tends to be equally distributed among men and women, 
is diagnosed in much older individuals,’ and may have a better 
prognosis.’ Although the rarity of PSC without IBD limits the 
power of genetic analysis, this group of PSC patients appears to 
share similar HLA risk alleles compared with PSC with IBD.° 


Small Duct Primary Sclerosing Cholangitis 

A small group of adult PSC patients present with clinical and 
histologic features compatible with PSC, except for the lack of 
typical cholangiographic findings, and these have been defined 
as small duct PSC.’ In some series, IBD was required for the 
diagnosis. In addition, these patients may have been labeled in 
the past as having antimitochondrial antibody (AMA)-negative 
primary biliary cholangitis (PBC), formerly known as primary 
biliary cirrhosis, or autoimmune cholangiopathy. In most cohorts, 
small duct PSC constitutes approximately 10% of the total PSC 
population, rarely progresses to large duct PSC, and has a gener- 
ally favorable outcome. Recent analysis of the HLA region shows 
that small duct PSC without IBD is genetically distinct from large 
duct PSC 


PSC-Autoimmune Hepatitis Overlap 

Anywhere between 1% and 53.8% of patients with PSC also have 
features of autoimmune hepatitis (AIH). Unfortunately, there 
remain no agreed diagnostic criteria for PSC-AIH overlap, and 
this is likely why the reported frequency of PSC-AIH differs so 


Secondary sclerosing 
cholangitis 


e Fig. 43-1 Relationships between subphenotypes of primary sclerosing cholangitis and secondary 
sclerosing cholangitis. The classic large duct primary sclerosing cholangitis (PSC) encompasses most 
cases. Subgroups within the large duct PSC population include those without inflammatory bowel disease 
(non-IBD), elevated serum immunoglobulin G4 (IgG4) levels, pediatric PSC, and overlap with autoimmune 
hepatitis (PSC-AIH). A small percentage of those with small duct PSC will develop large duct PSC. IgG4- 
sclerosing cholangitis (IgG4-SC) and other inherited and acquired diseases of the bile ducts are distinct 


and are secondary forms of sclerosing cholangitis. 
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widely.’ These patients may present with significant elevations of 
liver transaminase concentrations and histologic findings consis- 
tent with AIH, or they may initially present with typical AIH that 
subsequently becomes cholestatic with the development of scle- 
rosing cholangitis. In some cases, PSC-AIH may respond to 
immunosuppression. Importantly, autoantibodies, including anti- 
nuclear antibodies (ANAs) and anti-smooth muscle antibodies 
(SMAs), are frequent in PSC without evidence of AIH. In addi- 
tion, 10% or more of patients with AIH may have cholangio- 
graphic features on magnetic resonance cholangiography consistent 


with PSC,'°"! 


Pediatric Primary Sclerosing Cholangitis 


PSC in children appears to have many of the same features as PSC 
in adults; namely, a male predominance and strong association 
with IBD." However, in children PSC appears to be much more 
responsive to therapies and to have a higher frequency of overlap 
with AIH.” Autoimmune sclerosing cholangitis is a term used to 
designate a group of patients with PSC-AIH features with the 
exceptional reversal of cholangiographic findings with immuno- 
suppression. Recent case series have also reported marked clinical 
improvement with orally administered vancomycin in children 
with PSC. Notably, neither of these therapies has shown similar 
effects in adults. 


PSC in Non-Caucasian Populations 


Most studies of PSC have been performed in northern European 
populations or populations which descended from northern 
Europe, leading some to conclude that PSC is a disease of Cau- 
casians. However, PSC is a modern disease, and given its associa- 
tion with IBD, it is likely that as the geoepidemiology of IBD 
changes, the frequency of PSC in non-Caucasian populations will 
change with it. There are few data from Asia, apart from data on 
the IgG4-related sclerosing cholangitis associated with autoim- 
mune pancreatitis described in Japan, where PSC appears to be 
extremely rare. 

In contrast, studies of a large healthcare organization and U.S. 
transplant data suggest that the incidence and prevalence rates of 
PSC among African Americans are at least as great as in Cauca- 
sians.!*'* In African Americans there is a less striking male pre- 
dominance and a lower IBD rate. HLA-DR3, which is strongly 
associated with PSC in European populations, is rare among 
African Americans and is not associated with PSC in African 
American patients. However, the HLA-B8 association is shared 
between both Caucasian and African American PSC patients. 


Immunoglobulin G4-Related Sclerosing Cholangitis 


The recent description of IgG4-related sclerosing cholangitis often 
found in association with autoimmune pancreatitis as one of 
many diseases associated with elevated IgG4 serum levels and 
tissue infiltration of IgG4 plasma cells has led to the recognition 
that some previously diagnosed cases of PSC were in fact IgG4- 
related sclerosing cholangitis. Adding confusion to this issue are 
findings that serum IgG4 levels are often elevated in PSC and 
IgG4 plasma cells are frequent in PSC liver explants, but the two 
features do not necessarily correlate.'®'” In addition, IgG4-related 
diseases are typically responsive to corticosteroids, which is not 
seen in PSC. As such, IgG4-related sclerosing cholangitis fits 
somewhere between PSC and secondary sclerosing cholangitis. 
Ultimately, the diagnosis of IgG-4 related sclerosing cholangitis is 
based on histology, imaging, serology, other organ involvement, 
and response to steroid therapy, the so-called HISORt criteria that 


wA\=)8-3 HISORt Criteria for the Diagnosis of 
GZ Autoimmune Pancreatitis 
Histology 


Periductal lymphoplasmacytic infiltrate with obliterative fibrosis and 
storiform fibrosis 

Lymphoplasmacytic infiltrate with storiform fibrosis with abundant IgG4 
Cells (= 10 IgG4 cells per high-power field) 


Imaging 

Diffusely enlarged gland with delayed “rim” enhancement, diffusely 
irregular, attenuated main pancreatic duct 

Focal pancreatic mass/enlargement, focal pancreatic ductal stricture, 
pancreatic atrophy, calcification, pancreatitis 

Serology 

Elevated serum |gG4 level 


Other Organ Involvement 

Hilar/intrahepatic biliary strictures, persistent distal biliary stricture, 
parotid/lacrimal gland involvement, mediastinal lymphadenopathy, 
retroperitoneal fibrosis 


Response to Steroid Treatment 


Resolution or marked improvement of pancreatic/extrapancreatic 
manifestation with corticosteroid therapy 


IgG4, Immunoglobulin G4. 


were originally developed for the diagnosis of autoimmune pan- 


creatitis (Table 43-2).'® 


Secondary Sclerosing Cholangitis 


Secondary sclerosing cholangitis may arise from a variety of causes 
presenting with biliary strictures, both benign and malignant 
(Table 43-3). The most common benign causes are iatrogenic and 
secondary to biliary injury after cholecystectomy or liver trans- 
plant. Following the inception of laparoscopic cholecystectomy, 
the rate of iatrogenic biliary injury was reported to be 0.8% to 
1.4% compared with rates of 0.1% to 0.2% for open cholecys- 
tectomy.'” However, more recently the rates of biliary injury from 
laparoscopic cholecystectomy have fallen to rates similar to those 
for open cholecystectomy.” Importantly, biliary strictures repre- 
sent only a small fraction of all bile duct injuries. In contrast, the 
rates of biliary strictures following liver transplant appear to be 
increasing because of the increased risk associated with the use of 
marginal donors, deceased donors after cardiac death, and partial 
liver transplant, including living donor liver transplant. Strictures 
may occur at the anastomotic site or may be nonanastomotic. The 
incidence of the former has been estimated as 5% to 25% and 
that of the latter has been estimated as 10% to 15%.” 

Several autoinflammatory conditions other than PSC can lead 
to secondary sclerosing cholangitis. Sarcoidosis is a multisystem 
granulomatous disease, which frequently affects the liver and in 
some cases presents with cholestasis and features resembling PBC 
and in rare cases of PSC.” Eosinophilic cholangitis is an extremely 
rare disorder characterized by a dense transmural infiltrate of 
eosinophils, which is most frequently part of multiorgan involve- 
ment of an eosinophilic infiltration.” Mast cell infiltration of the 
bile ducts is common in a variety of disorders causing secondary 
sclerosing cholangitis, and in a case report has been associated 
with systemic mastocytosis.” 
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TABLE 


yee Variants of Secondary Sclerosing Cholangitis 


Cystic fibrosis 

Primary and secondary immunodeficiency 
Histiocytosis X 

Neonatal sclerosing cholangitis 

Biliary atresia 

Ichthyosis with sclerosing cholangitis 

Congenital bile duct abnormalities 

Sickle cell disease 

Progressive familial intrahepatic cholestasis type 3 


cholangitis 


Chronic pancreatitis 


Autoinflammatory: sarcoidosis, eosinophilic cholangitis, mast cell 


latrogenic bile duct injury: cholecystectomy; liver transplant (anastomotic 
stricture, nonanastomotic stricture) 
Cholelithiasis (Mirizzi syndrome) 


Vascular: ischemic cholangiopathy, vasculitis, intraarterial chemotherapy, 
portal hypertensive biliopathy 
Infectious: AIDS cholangiopathy, recurrent pyogenic cholangitis 


Cholangiocarcinoma 
Pancreatic adenocarcinoma 
Metastatic cancer 
Gallbladder cancer 
Ampullary adenocarcinoma 
Hepatocellular carcinoma 
Lymphoma 


Biliary inflammatory pseudotumor 


Epidemiology 


The incidence and prevalence of PSC are highest in North America 
and northern Europe. Data from large cohorts of patients suggest 
that the incidence of PSC in North America and northern Europe 
is approximately 1 to 1.5 cases per 100,000 person-years, with 
a prevalence of 6 to 16 cases per 100,000 inhabitants.” By 
contrast, estimates of the prevalence of PSC in other parts of the 
world are very limited, although the estimated prevalence in Japan 
is substantially lower at 0.95 cases per 100,000 inhabitants.” 
Most of the prevalence data on PSC derive from cohorts in the 
1990s and/or via case acquisition using large population-based 
administrative datasets. As a result, the reported prevalence of 
PSC may underestimate the true prevalence of PSC for several 
reasons: (1) early data relied on biopsy and/or invasive cholan- 
giographic methods to diagnose PSC before widespread use of 
magnetic resonance imaging/magnetic resonance cholangiopan- 
creatography technology; (2) the North American data derive 
from limited populations in certain geographic areas, and are not 
truly population based; and (3) there is no specific International 
Classification of Diseases, Ninth Revision, Clinical Modification, 
code defining PSC. 

The demographic characteristics of patients with PSC have 
been similar from both population-based cohorts and data derived 
from liver transplant centers. Nearly two thirds of patients with 
PSC are male, with the mean age of diagnosis ranging from 36 
years to 39 years, depending on the study.*”””’ The published 
literature from Scandinavia and Olmsted County, Minnesota, 
reports PSC as being a disease of white patients; however, this 
may reflect the underlying populations from which these data 
were derived rather than the disease being nearly exclusively one 
of white patients.” The association between PSC and IBD has 
been consistently reported; however, earlier data suggested that 
approximately 80% of patients with PSC had concomitant IBD. 
In contrast, more recent data estimate this value to be in the range 
of 65% to 70%.*”*” Consistent across all series, however, is that 
among patients with PSC and IBD, nearly 80% have UC, with 
fewer than 20% having Crohn disease.” *” 


Pathogenesis 


The precise mechanisms leading to PSC remain unknown and 
continue to be a major obstacle to the development of effective 
therapies. A number of barriers exist which make the study of 


PSC particularly challenging. First, PSC is a rare disease, making 
the assemblage of large defined cohorts challenging. Second, the 
heterogeneity of the disease suggests that multiple mechanisms 
may lead to a similar clinical phenotype. Third, the lack of early 
markers of disease before biliary fibrosis is established precludes 
the differentiation of early primary mechanisms of injury versus 
secondary downstream mechanisms that are active once strictur- 
ing is present. Finally, the absence of a relevant animal model that 
accurately recapitulates human PSC constrains the ability to test 
clinical associations for causal relationships. 

Nevertheless, several mechanisms have been proposed on the 
basis of the limited available data. Key to all of these models is 
the strong association between PSC and IBD, specifically proxi- 
mal colonic and ileal inflammation, with a unique PSC-IBD 
phenotype. Whether the PSC-IBD phenotype directly predis- 
poses to PSC or is simply an epiphenomenon of shared genetic 
and environmental factors remains to be determined. In addition, 
the unique relationship between the intestinal tract and the liver, 
along with the movement of nutrients, bile acids, and immune 
cells, adds to the complexity of potential factors that might be 
disrupted in an inflamed gut and result in potential biliary injury 
in the liver (Fig. 43-2). 


Genetic and Environmental Risks 


As is true of all complex diseases, PSC is the result of a multitude 
of genetic and environmental influences, each with a relatively 
small effect, which in an individual with sufficient risks may 
conflagrate into clinically recognizable PSC. In addition to the 
individual risks there may also be complex gene-gene and gene- 
environment interactions resulting in stochastic rather than simple 
additive effects of individual risks. The advantage of decoding the 
genetic risk alleles of PSC is that they are objective and indepen- 
dent of their primary or secondary importance to pathogenesis. 
In contrast, environmental factors are typically prone to recall and 
other biases. 

Evidence of heritability and its importance is supported by 
siblings of PSC patients having a 9-fold to 39-fold increase in the 
risk of PSC. Since the first identification of the genetic association 
between PSC and the HLA complex at chromosome locus 6p21 
in 1982, significant progress has been made in the identification 
of additional disease genes through the cooperation of an interna- 
tional consortium of investigators establishing a cohort of several 
thousand patients and controls so as to perform genome-wide 
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association studies (GWAS).” >° Through these efforts, 16 risk 
genes have been identified with sufficient validation (Table 43-4), 
but they account for less than 10% of the estimated PSC suscep- 
tibility. Not surprisingly, most of the identified associations have 
been associated with other immune-mediated diseases, including 
UC and Crohn disease (Fig. 43-3), although this finding may be 
biased because most of the genes identified were identified on the 
basis of a custom genotyping array (Immunochip) that contained 
almost 200,000 markers selected from regions associated with 
one or more immune-mediated diseases.” In addition to these 
16 risk genes, 33 other genes have been implicated at a lower 


A ma 


Dysbiosis Leaky gut level of significance on the basis of an a priori assumption that 

Gut there is overlap in the genetic associations between PSC and other 
immune-mediated disease, so-called pleiotropy. 

Inflamed Despite the recent advances in PSC genetics, the HLA associa- 

chronic dysfunction tion remains the most significant in terms of genetic risk, but is 


mucosa ~~~ also the most complex and difficult to dissect. The primary HLA 

. ; i association is with the extended haplotype encoding HLA- 

e Fig. 43-2 The conceptual framework of the pathogenesis of primary B*08:01 and HLA-DBR1*03:01.% Additional HLA associations 

sclerosing cholangitis involves three major themes on a background of have beai identiged with haplotypes including DRB1*13:01 and 
underlying genetic and environmental risk factors. Within the intestine ; 

ag DRB1*15:01, the latter in those individuals negative for DR3 and 


there is an altered microbiome and inflamed mucosa and a hypothe- a7 . amas À À 
sized leaky gut. Both within the intestine and in the liver there are DR6.” Furthermore, a unique HLA association has been identi- 


alterations of immune responses leading to activation of innate immune fied in PSC patients with elevated IgG4 levels, notably HLA-B*07 
responses and adaptive immune responses, including the aberrant and HLA-DRB1*15.*° 


Genes 


homing of intestinal lymphocytes to the liver and impaired numbers and The HLA spans almost 4 million base pairs encoding approxi- 
function of regulatory T cells. Microbial components or metabolites mately 260 genes, many with immune-related functions, and the 
from the gut may act directly to activate biliary epithelial cells (BEC), haplotypes tend to be inherited as large regions of a conserved 


or inflammation may occur indirectly from the activation of immune 
cells in the gut. MHC II, Major histocompatibility complex class ll; TLR, 
toll-like receptor. 


ancestral chromosomes; that is, there is strong linkage disequilib- 
rium. These two features have made identification of the causative 
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1p36 183748816 A 1.21 TAIO TNFRSF14, MMEL1 Liu et al.” 

2q13 rs6720394 G 1.6 AO 10° BCL2L11 Melum et al.” 
2q33 rs7426056 A IS 1.89 x 10 CD28 Liu et al. 
2937.3 rs4676410 A 1.38 2.43 x 10° GPR35 Ellinghaus et al.” 
3p21 183197999 A 11038) 2.45 x 10° USP4, MST1 Liu et al. 

4q27 rs13140464 C 13 8.87 x 10-8 IL2, IL21 Liu et al.” 

6p21 183099844 4.8 2.60 x 10° HLA Karlsen et al.” 
6q15 1896258221 G 123 8.36 x 1014 BACH2 Liu et al. 
10p15 184147359 A 1.24 8.19 x 10°” IL2RA Liu et al.” 
11923 187937682 G elle SL OS SIK2 Liu et al. 

12q13 rs11168249 G JiS 5.49 x 10° HDAC7 Liu et al.“ 
12q24 83184504 A 1.18 5.91 x 10" SH2B3, ATXN2 Liu et al. 

18q22 rs1788097 A etl) 3.06 x 10° CD226 Liu et al.” 

19913 1860652743 A 1.25 61052 PRKD2, STRN4 Liu et al.” 
18q21.1 rs1452787 G 0.75 2.61 x 10° TCF4 Ellinghaus et al.” 
21922 182836883 G 1.28 3.19 x 10°” PSMG1 Liu et al.” 


OR, Odds ratio. 
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Related Autoimmune Diseases 


Autoimmune Primary 
Ulcerative Crohn Type 1 Celiac Rheumatoid thyroid Multiple biliary Ankylosing 
colitis disease diabetes disease arthritis disease sclerosis cirrhosis Vitiligo spondylitis 
Locus Gene(s) 
1p26 | TNFRSF14, MMEL1 
BCL2L11 
GPR35 
USP4, MST1 
4q27 IL2, IL21 
6p21 HLA 
6q15 BACH2 
10p15 IL2RA 
11q23 SIK2 
12q13 HDAC7 
12q24 SH2B3, ATXN2 
18q21 CD226 
18q22 PRKD2, STRN4 
19q13 TCF4 
21q22 PSMG1 
e Fig. 43-3 Heat map of loci associated with primary sclerosing cholangitis and other related autoim- 
mune disorders. Loci associated with primary sclerosing cholangitis and another autoimmune disease 


are indicated by a red rectangle. Ulcerative colitis, Crohn disease, and type 1 diabetes mellitus share the 


most (seven) loci with primary sclerosing cholangitis. 


gene or genes responsible for the HLA association in PSC and 
many other HLA-related diseases difficult. Fine mapping of the 
region and modeling of the effects of variants on the HLA-DR 
peptide binding groove have implicated changes in residues 37 
and 86 in the HLA-DR chain altering the peptides which might 
be bound and presented by class II molecules.” Alternatively, 
specific HLA-C and HLA-B variants which may act as inhibitory 


ligands for killer Ig receptors on natural killer (NK) cells have [ maax | maB ë| HLA-DRB1*13 
been associated with PSC,‘ and more recently an independent 
association with the NOTCH gene in the class III region has [ maax | Haso | HLA-DRB1*15 


been reported.” These associations have been in largely northern 
European populations, and some differences have been noted 
in other populations of southern Europe and South America. 
In addition, in African Americans listed for liver transplant 
and in whom HLA-DR3 is rare, no association was found with 
PSC (Fig. 43-4). In contrast, there remains a strong association 
with HLA-B8, suggesting that in this group the causative gene or 
genes may be located closer to the HLA class I region. 

In addition to HLA, many of the genes associated with PSC 
are known to have roles in the function of innate and adaptive 
immunity. These include ZL2/IL21, IL2RA, BACH2, TNFRSF14, 
CD28, and CD226. The others, including BCL2L11, MST1, 
HDAC7, SH2B3, TCF4, SIK2, GPR35, PRKD2, and PSMG1, 
have either a less clear function or linkage to immune functions 
in PSC. In addition to their potential function, several interesting 
features of these genes give insight into the genetic architecture 
of PSC. First, only half of the genes are also associated with UC, 
Crohn disease, or both, with the strongest association with UC 
compared with Crohn disease. Second, most of the genes shared 
between PSC and IBD show stronger associations with PSC than 
with UC or Crohn disease. Third, network analysis did not iden- 
tify any common functional pathways to suggest a specific mecha- 
nism that predisposes to both IBD and PSC. Finally, the genes 
associated with PSC are also associated with other autoimmune 
diseases, including those that have been associated with PSC, 
although at a lower frequency than IBD. Taken together, these 
results highlight the importance of immune-mediated actions in 
at least the pathogenesis of PSC. 


AH8.1 ancestral haplotype in Caucasians with PSC 


HLA-B*08 haplotypes in African Americans with PSC 


HLA-DRB1*X 


e Fig. 43-4 Human leukocyte antigen (HLA) haplotypes associated 
with Caucasian and African American primary sclerosing cholangitis 
(PSC)."* The ancestral haplotype 8.1 (AH8.1) carries the HLA-B*08 and 
DRB1*03:01 alleles, which are both strongly associated with PSC and 
other autoimmune diseases. Because they are most often carried on the 
same chromosome (i.e., in linkage disequilibrium) in Caucasians, it is not 
possible to identify the causative gene or genes. However, in African 
Americans, the AH8.1 haplotype is not present but HLA-B*08 is associ- 
ated with PSC on multiple haplotypes. The low linkage disequilibrium 
between HLA-B and HLA-DRB7 in African Americans may allow identifica- 
tion of the HLA-associated gene or genes in PSC. 


In comparison with the strides made in dissecting the genetic 
risk factors for PSC, the role of the environment remains poorly 
understood or studied. Smoking has been associated with a pro- 
tective effect against PSC, but a similar effect is seen with UC, and 
in PSC the effect is observed only in those with IBD, regardless of 
whether it is UC or Crohn disease, suggesting a secondary effect 
of smoking.“ Tonsillectomy has been reported to have a nega- 
tive association with PSC in one study, but this was not found 
in another study.“ Although appendectomy has been reported 
to be less common among PSC patients with UC, an association 
between having an appendectomy and PSC was not observed in 
two other large studies,**** whereas another study found it to be 
more common in PSC patients than controls, but only in those 
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with IBD.“ Dietary habits have also been investigated, with two 
independent studies suggesting a negative association between 
coffee and PSC.“ Consuming fish and grilled or barbeques 
meats has been negatively associated with PSC, whereas consump- 
tion of steak or burgers has been positively associated with PSC. 
In women with PSC, hormone replacement therapy has been 
negatively associated with PSC, whereas recurrent urinary tract 
infections have been found to be more common. Although these 
studies offer some potential insights into environmental mecha- 
nisms of PSC pathogenesis, they all must be critically assessed 
for possible recall or reporting biases, as well as unrecognized 
selection bias. 


Immune Responses in Primary 
Sclerosing Cholangitis 


The genetics of PSC suggest that it is a hybrid of a classic autoim- 
mune disease in the sense that there is targeted destruction of 
tissue directed at a specific self-antigen and an autoinflammatory 
disease such as IBD in which there is an abnormal innate immune 
response to antigens of the intestinal flora activating an adaptive 
immune response.“ The activation of the innate immune system 
as a primary inciting event of PSC has been proposed by several 
investigators. According to this theory, PSC is triggered by bacte- 
ria or pathogen-associated molecular patterns such as lipopolysac- 
charide that enter the portal circulation through an inflamed, 
permeable intestine. Pathogen-associated molecular patterns acti- 
vate macrophages, dendritic cells, and NK cells through pattern 
recognition receptors, including toll-like receptors and CD14, 
leading to the secretion of cytokines. In turn, NK cells are acti- 
vated by interleukin-12 (IL-12) and promote recruitment and 
activation of lymphocytes via tumor necrosis factor œ (TNF-a), 
IL-1B, and CXCL8. NK cells may also be activated by MHC class 
I chain—related gene products MICA and MICB, which are stress- 
induced proteins that can promote the cytotoxic function of NK, 
NK T, and yò T cells through the receptor NKG2D. 

Similarly to the intestinal mucosa, toll-like receptors are also 
expressed on biliary epithelial cells (BECs), and their expres- 
sion has been shown to be induced in a variety of liver dis- 
eases. IgG directed against BECs was found in the sera of some 
PSC patients and induced the expression of toll-like receptor 
4 and toll-like receptor 9 on BECs in culture.“ Treatment of 
BECs with PSC sera—containing anti-BEC antibodies induced 
secretion of granulocyte-macrophage colony-stimulating factor, 
IL-1, and IL-8. This might in turn lead to the recruitment 
of neutrophils, macrophages, and T cells. However, the target 
(or targets) of these anti-BEC antibodies remains unknown. 
More recently, senescence of BECs has been suggested to be 
a mechanism of PSC with a transition of BECs into a proin- 
flammatory state secreting interleukin-6 (IL-6), IL-8, CCL2, and 
plasminogen activator inhibitor 1 (PAI-1).*° 

Gene expression profiling of peripheral blood mononuclear 
cells from PSC patients hints at an important role for innate 
immune response in PSC, particularly in pathways involved in 
macrophage differentiation by macrophage colony-stimulating 
factor, as well as IL-2 receptor B activation of T cells, IL-6 sig- 
naling, and mitogen-activated protein kinase signaling.” Macro- 
phages, key cells in the transition from innate to adaptive immune 
responses, appear to accumulate in the sinusoidal and perisinusoi- 
dal spaces in PSC, but not in PBC and other biliary tract diseases. 
In addition, when compared with liver of normal individuals, 
PSC liver had a significantly greater number of CD68-positive 


and/or myeloperoxidase-positive cells in the portal areas.” Further 
clues of a potential role of macrophages in PSC come from genetic 
associations with MSTI and GPBARI (also known as TGR5). 
MSTI encodes macrophage-stimulating protein 1, a circulating 
preprotein that is activated by various inflammatory stimuli and 
exerts negative feedback on macrophages to prevent excessive 
inflammation. An interesting link between cholestasis and inflam- 
mation has been made with GPBARI, which encodes a member 
of the G protein-coupled receptor superfamily and functions as 
a cell surface receptor for bile acids on macrophages, BECs, and 
intestinal epithelial cells.”'°? On macrophages, GPBARI activa- 
tion leads to the suppression of macrophage functions. Notably, 
sequencing of the GPBARI gene in 267 Norwegian PSC patients 
and 274 healthy controls identified six nonsynonymous variants, 
four of which were found only in PSC patients, although only in 
one patient each.” However, functional analysis revealed that five 
of the six variants had reduced or abolished function. 

Other than the potential links with BECs and macrophages, 
surprisingly little is known of the adaptive immune response in 
PSC. Immunohistochemical studies have defined the infiltrate in 
PSC liver to consist primarily of CD8* T cells concentrated 
around portal tracts. In addition, the inflammatory infiltrates 
consist primarily of nonactivated memory T cells that express 
the gut-homing integrin 0.487. Furthermore, mucosal-associated 
invariant T cells are enriched with the capacity to recognize bacte- 
rial antigens and produce T}1/T}17 cytokines.” A role for T,17 
responses has also been supported by recent studies that demon- 
strated PSC peripheral blood mononuclear cells have significantly 
greater T}17 responses after stimulation with Enterococcus faecalis 
or Candida albicans and that IL-17A-producing cells are promi- 
nent in PSC livers.”° 

The frequency of regulatory T cells (Tregs), important media- 
tors for resolution of immune activation, were reduced in periph- 
eral blood of PSC patients compared with healthy controls and 
patients with PBC or UC.” The number of Tregs in PSC livers 
were also reduced compared with Tregs in PBC livers.” A reduced 
percentage of liver Tregs has been confirmed in another study as 
well, though yet another study found a greater frequency of 
CD4°CD25* T cells in the periphery of UC patients with PSC 
compared with UC patients without PSC.”*” The reduction in 
the percentage of peripheral Tregs was most pronounced in 
patients homozygous for the PSC risk allele in the ZL2RA gene. 
‘The suppressive capacity of peripheral Tregs was also reduced in 
PSC patients compared with controls. However, prior reports 
have documented a reduced frequency of peripheral and tissue 
‘Tregs in both PBC and UC patients relative to healthy and disease 
controls, suggesting that changes in the frequencies of Tregs are a 
more generic feature of inflammatory diseases than specific to 
psc. 61 

Acting on the genetic association of CD28 with PSC, the func- 
tion of CD28 as a costimulatory molecule for T-cell activation, 
survival, and proliferation, and findings of CD28- T-cell accu- 
mulation in other inflammatory diseases, Liaskou et al.” studied 
the number, phenotype, and function of CD28 T cells in the 
periphery and liver of PSC patients and controls. Notably, 
CD4*CD28 T cells were enriched in the liver compared with the 
periphery in PSC and were more frequent in PSC livers than in 
PBC, nonalcoholic steatohepatitis, and normal livers. In contrast, 
CD8*CD28" T cells were not enriched in the PSC liver and were 
found more frequently only in PSC livers compared with normal 
livers but not PBC or nonalcoholic steatohepatitis livers. Pheno- 
typically, the CD28” T cells were activated memory cells with 
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intracellular stores of cytotoxic molecules and expressed adhesion 
molecules and chemokine receptors that promote tissue infiltra- 
tion and localization to bile ducts. Supernatants from these cells 
were also able to activate BECs in vitro. 


Leaky Gut Hypothesis 


A possible explanation for the strong association between IBD 
and PSC posits that the inflamed intestinal mucosa loses its ability 
to prevent the translocation of bacteria and/or bacterial compo- 
nents into the portal circulation, the so-called leaky gut hypoth- 
esis. In animal models, intestinal bacterial components can induce 
a biliary-based inflammation. Animal studies have shown that 
bacterial chemotactic peptides undergo enterohepatic circulation. 
They have also shown that the levels of these compounds are 
increased in experimentally induced colitis’ and that they can 
result in a biliary-based inflammation with features similar to 
human PSC.” Bacterial overgrowth in surgically created self- 
filling jejunal blind loops in genetically susceptible rat strains can 
also cause a hepatobiliary injury with features similar to PSC. 
Although these studies suggest that an increase in intestinal per- 
meability from IBD with translocation of bacterial cell wall com- 
ponents via the portal circulation to the liver is a plausible theory 
for PSC, there is no evidence of increased intestinal permeability 
or bacterial overgrowth in human PSC.°* In attempts to support 
of the leaky gut hypothesis, several studies have tried to establish 
an association between PSC and specific microbes, including 
Chlamydia spp. and Helicobacter pylori. Ponsioen et al.” found an 
elevated seroprevalence of Chlamydia lipopolysaccharide antibod- 
ies in PSC patients compared with a matched control group. 
However, the lack of Chlamydia spp. in cultures of PSC bile sug- 
gested that these findings were not due to active infection. 
Although 16S ribosomal RNA from Helicobacter sequences has 
been identified in PSC liver and bile duct tissue, it is also fre- 
quently found in other liver diseases.°* Nevertheless, 16S ribo- 
somal RNA has been demonstrated within the portal tracts in 
liver biopsy samples from 12 of 13 PSC patients, including seven 
who had not undergone prior biliary intervention.” However, the 
bacterial species and their origin, whether intestinal, biliary, or 
systemic, remain unclear. 


Primary Sclerosing Cholangitis Dysbiosis 


More recently, with the understanding of the influence of the 
composition and diversity of the intestinal microbiota on a myriad 
of illnesses, along with the advent of culture-free methods of 
evaluating microbial populations, investigations into alterations 
of the microbiome as a basis of PSC pathogenesis have just begun 
to catalog the repertoire of microbes, their metabolites, and the 
responses to them.” This PSC dysbiosis hypothesis does not rely 
on an abnormal intestinal barrier function or even the presence 
of IBD, and some evidence beginning to be reported supports this 
concept. In addition, intestinal dysbiosis is increasingly being 
recognized, although not well understood, to be integral to the 
pathogenesis of IBD.” Several studies have documented altera- 
tions in the composition of intestinal bacteria, bacteriophages, 
and fungi in UC and Crohn disease, most commonly finding a 
decrease in the diversity in the population, along with some spe- 
cific alterations in the members of the population, findings remi- 
niscent of the hygiene hypothesis of autoimmunity. However, in 
PSC there are only a few pieces of data to support the role of 
dysbiosis in its pathogenesis. 


In the Mdr2-null mouse model of sclerosing cholangitis, germ- 
free mice had higher alkaline phosphatase (ALP), aspartate 
aminotransferase (AST), and bilirubin levels compared with con- 
ventionally housed Mdr2-null mice.” In addition, fibrosis, ductu- 
lar reaction, and ductopenia were significantly more severe in the 
germ-free environment. No differences in primary bile acids from 
mice raised in a germ-free environment compared with a conven- 
tional environment were detected, and not surprisingly, secondary 
bile acids were absent in the germ-free environment. Although 
that study did not identify a specific alteration in the microbiota, 
it suggests that there may be an interaction between bile acids and 
intestinal bacteria that exacerbates PSC, perhaps through mecha- 
nisms related to toxic bile as discussed later. 

Human data on dysbiosis are limited to two studies of the 
intestinal and biliary microbiota.” One of the more interesting 
loci associated with PSC that has been identified outside the HLA 
region is within the fucosyltransferase 2 gene (FUT2), which is 
involved in protein glycosylation and has also been associated with 
Crohn disease. Genetic variants leading to truncated fucosyltrans- 
ferase 2, so-called nonsecretors, result in the inability to synthesize 
ABH blood antigens and possibly other important receptors for 
infectious agents. Similarly to the intestinal microbial community 
structure in Crohn disease, the types of bile microbes in PSC 
differed depending on the FUT2 genotypes, with the abundance 
of members of Firmicutes being significantly elevated and the 
abundance of members of Proteobacteria significantly decreased 
among nonsecretors. The first of what is likely to be many reports 
of intestinal microbiome studies compared the profiles of ileocecal 
biopsy specimens from 12 PSC patients with those from 11 UC 
patients and 9 controls. Similarly to the findings in IBD, diversity 
was decreased in PSC. More notably, the abundance of clostridials 
was lower in PSC patients than in UC patients and controls. 


Lymphocyte Trafficking 


The observation that PSC may develop years after total colectomy 
and the lack of correlation between PSC liver disease activity and 
intestinal disease activity has led to the hypothesis that the inflam- 
mation in PSC is a result of aberrant trafficking of intestinal 
memory T lymphocytes to the liver. Supporting this theory is the 
finding that adhesion molecules and chemokine receptors that are 
normally restricted to the gut are aberrantly expressed in the liver, 
presumably leading to the recruitment of intestinal lymphocytes 
through the enterohepatic circulation.” Tissue-specific recruit- 
ment of lymphocytes to inflammation involves the coordinated 
recognition of addressins expressed by vascular endothelial cells 
by homing receptors on lymphocytes along with interactions of 
chemokines and chemokine receptors. In addition to tissue speci- 
ficity, chemokines and chemokine receptors also impart lympho- 
cyte lineage specificity. Recruitment of lymphocytes to the 
intestine involves activation of lymphocytes by dendritic cells in 
gut-associated lymphatic tissue, resulting in the expression of the 
048, integrin and the CCR9 chemokine receptor. The ligand for 
0487, mucosal addressin cell adhesion molecule 1 (MAdCAM-1), 
is specifically expressed on the intestinal endothelium and during 
inflammation on intestinal mucosa. The CCR9 ligand, CCL25, 
is also capable of activating 048, and is expressed preferentially 
in the intestine as well. The combination of MAdCAM-1 and 
CCL25 is critical for the specific recruitment of o4B;‘CCR9* 
lymphocytes to the intestine. 

MAdCAM-1 was initially thought to be confined to gut endo- 
thelium, but has since been shown to be expressed in the portal 
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vein and sinusoidal endothelium in autoimmune-mediated liver 
diseases, including PSC.” The expression of MAdCAM-1 in the 
liver appears to be mediated by deamination of methylamine by 
vascular adhesion protein 1, a semicarbazide-sensitive amine 
oxidase expressed in the human liver.® In the presence of TNF-o, 
methylamine induces the expression of functional MAdCAM-1 
in hepatic endothelial cells and is associated with increased adhe- 
sion of lymphocytes from patients with PSC to hepatic vessels. 
The CCR9 ligand CCL25 also appears to be specifically 
up-regulated in PSC liver.” Furthermore, CCR9* liver lympho- 
cytes preferentially migrate to CCL25 rather than to CXCL12 
or CCL5 and are triggered by CCL25 to bind immobilized 
MAdCAM-1 via 01487. 

The frequency of PSC liver o4B;* lymphocytes was not 
increased relative to that of oB," lymphocytes in peripheral 
blood, although that of lymphocytes expressing&;:B, was.” In 
contrast, the frequency of liver CCR9* lymphocytes was specifi- 
cally increased in PSC compared with PBC, and approximately 
20% of liver lymphocytes from PSC livers expressed CCR9 com- 
pared with 2% in normal livers or PBC livers. This is in compari- 
son with nearly 100% of lamina propria lymphocytes expressing 
CCR9 in Crohn disease. The CCR9* liver lymphocytes included 
both CD8* and CD4* T cells, the former demonstrating a 
memory phenotype. Support for the hypothesis that PSC liver 
0487;*CCR9* lymphocytes originate in the intestine comes from 
findings that only gut-derived dendritic cells and not liver-derived 
dendritic or stellate cells were able to imprint these homing 
markers on CD8* T cells.” In addition, CD8* T cells primed in 
the gut in vitro can migrate to both the gut and the liver, whereas 
liver-primed CD8* T cells migrate to only the liver.” However, 
CD4' T cells primed by liver sinusoidal endothelial cells were able 
to induce 048, and CCR9 expression in vitro, with subsequent 
migration into gut and gut-associated lymphoid tissue." 


Toxic Bile Theory 


Bile is a complex mixture of bile acids, bilirubin, cholesterol, 
phospholipids, and proteins, which even under normal conditions 
is toxic to cells. Several protective mechanisms, including micelle 
formation and bile flow, prevent injury to BECs despite the high 
concentration of bile acids normally present. Alterations in the com- 
position of bile, decreased bile flow, and increased biliary pressure in 
PSC may all disrupt the normal bile homeostasis and lead to toxic 
bile formation. Bile composition is largely dependent on excretion 
of its components across the hepatocyte canalicular membrane and 
dilution/alkalization by the cholangiocytes, the so-called bicarbon- 
ate umbrella. Bile acids that would induce apoptosis and necrosis 
of cholangiocytes normally form mixed micelles with phosphatidyl- 
choline and cholesterol to prevent bile acid toxicity. Impairment of 
transporters responsible for maintaining the bile acid/phospholipid 
ratio, including the bile salt export protein (BSEP), also known 
as ABCB11, and the multidrug resistance protein 3, also known 
as ABCB4, or bicarbonate excretion and hydration of bile (cystic 
fibrosis transmembrane conductance regulator or anion exchanger 
2 [AE2]) can potentially lead to toxic bile formation. Alternatively, 
bile stasis, a frequent phenomenon in PSC, may lead to toxic bile 
formation leading to the exacerbation of bile duct injury. 

Support for the toxic bile acid theory comes primarily from 
the multidrug resistance gene Mdr2-null mouse.” * Targeted dis- 
ruption of Mdr2 leads to sclerosing of the biliary tree with extra- 
hepatic and intrahepatic biliary strictures and dilatations, onion 
skin-type periductal fibrosis, and focal obliteration of bile ducts 


similar to that seen with PSC and secondary sclerosing cholangitis 
in humans.” Presumably, biliary phospholipids that are normally 
transported into bile via the canalicular phospholipid flippase 
MDR2 and form mixed phospholipid—bile acid micelles protect 
cholangiocytes from bile acid-induced cell injury. Biliary phos- 
pholipids are absent in Mdr2” mice, and this may lead to toxic 
bile acid-induced damage resulting in sclerosing cholangitis.*° In 
addition to toxic bile acids, the absence of phospholipids results 
in cholesterol-supersaturated bile, which could facilitate oxidation 
similar to the process of atherosclerosis.” Cholangiocytes from 
Madr2‘ mice express cellular adhesion molecules such as vascular 
cellular adhesion molecule 1, chemokines, growth factors, and 
cytokines. However, unlike humans with PSC, the Mdr2” mice 
do not develop IBD.” In fact, induction of colitis in the Mdr2 
mice had little effect on the sclerosing cholangitis phenotype. 

‘The cystic fibrosis transmembrane conductance regulator gene 
(CFTR) responsible for cystic fibrosis has also been suggested to 
have a role in the development of toxic bile. Patients with muta- 
tions in CFTR are prone to develop a biliary-based cirrhosis that 
is distinct from PSC. Induction of colitis in Cfir ^ mice resulted 
in bile duct injury.” However, the findings in humans have been 
conflicting in studies with small PSC cohorts. Notably, CFTR has 
not been associated with PSC susceptibility in any genome-wide 
association studied involving large PSC cohorts. 

Despite the animal models supporting the toxic bile theory, 
evidence in humans is generally lacking, particularly as a primary 
initiating factor. Although some rare variants of MDR3 have been 
associated with biliary disease, including sclerosing cholangi- 
tis,’ genetic studies of the human ortholog of Mdr2 (ABCB4, 
also known as MDR3) have not found any association of genetic 
variants with PSC susceptibility.” In addition, PSC patients with 
normal serum bilirubin levels have been shown to have normal 
biliary excretion of bile acids and lipids, suggesting that the toxic 
bile effect may only play a role in the later stages of PSC.?'” 
Further support for the toxic bile theory in disease progression 
rather than initiation has come from a genetic study linking 
polymorphisms in the steroid and xenobiotic receptor gene (SXR), 
which encodes a ligand-dependent transcription factor that medi- 
ates protection against bile acid—induced liver injury in cholestatic 
animal models, and survival in PSC.” 


Clinical Features 


In the early stages of PSC, most patients are asymptomatic and 
cholestatic liver enzymes may be the only indication of disease. In 
advanced stages, signs and symptoms of cholestasis, portal hyper- 
tension, and advanced liver disease frequently develop, includ- 
ing pruritus, jaundice, weight loss, hepatomegaly, ascites, and 
abdominal pain. Nonspecific symptoms are also common, includ- 
ing fatigue or other symptoms related to comorbid conditions 
such as diarrhea associated with IBD. With chronic cholestasis, 
patients are also at risk of developing malabsorption of fat-soluble 
vitamins, steatorrhea, metabolic bone disease, and cholelithiasis. 
Bacterial cholangitis may also occur spontaneously or after biliary 
interventions. Although the typical PSC patient is a young man 
aged 30 to 40 years, approximately one third of patients are 
women and onset can occur in childhood or late adulthood. 


Diagnostic Criteria 
Unlike PBC and AIH, for which there are agreed validated, diag- 


nostic criteria, there remains a lack of objective criteria on the 
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basis of which PSC is diagnosed. This is largely due to the depen- 
dence on the interpretation of cholangiograms, which are difficult 
to quantify and limited by technical variability and interobserver 
variability. Despite these limitations, descriptions of a variety of 
patient groups that share some but not all features of the classically 
described PSC or have a different clinical course are being recog- 
nized, and in some cases the underlying genetic basis of these 
differences has been identified. 

Importantly, secondary causes of sclerosing cholangitis that 
may present with features similar to PSC must be considered and 
excluded in the proper clinical setting. In adults a number of 
secondary causes can lead to biliary strictures that may appear 
similar to those of PSC and include malignant and nonmalignant 
causes in adults (see Table 43-3). Notably, these are rarely associ- 
ated with IBD and can usually be diagnosed on the basis of history 
and laboratory or other tests. Of particular note, however, is the 
difficulty in excluding iatrogenic bile duct injury during cholecys- 
tectomy, which may be done in true PSC patients before their 
diagnosis. Similarly, the diagnosis of cholangiocarcinoma espe- 
cially in young adults should raise the suspicion of PSC. In 
children, the differential diagnosis for secondary causes of scleros- 
ing cholangitis is considerably different from that n adults (see 


Table 43-3). 


Presenting Signs and Symptoms 


The clinical presentation of PSC can differ greatly. In early studies, 
asymptomatic patients represented approximately 15% to 40% of 
the patients at time of diagnosis. Increasingly, patients are identi- 
fied at an earlier stage of the disease with fewer symptoms, so now 
nearly half are asymptomatic. Because of the close association with 
IBD, many cases come to medical attention when patients with 
IBD are screened for liver disease. The most common symptoms 
in patients with PSC are fatigue, jaundice, pruritus, and abdomi- 
nal pain, whereas ascites, bleeding from esophageal varices, and 
acute cholangitis are much less frequent (Table 43-5). Physi- 
cal examination findings are abnormal in approximately half of 
symptomatic patients at the time of diagnosis, when jaundice, 
hepatomegaly, and splenomegaly are the most frequent abnormal 


WEJ Signs and Symptoms of Primary Sclerosing 
GŠ% Cholangitis at Diagnosis 


Asymptomatic 15-44 
Fatigue 43-75 
Pruritus 25-59 
Jaundice 30-69 
Hepatomegaly 34-62 
Abdominal pain 16-37 
Splenomegaly 14-30 
Hyperpigmentation 25 

Weight loss 10-34 
Variceal bleeding 2-14 


Ascites 2-10 


findings. In two reports of large European PSC cohorts, the fre- 
quency of hepatomegaly at diagnosis of PSC was 26% to 44%, 
that of splenomegaly was 9% to 29%, that of gastroesophageal 
varices was 7% to 10%, and that of ascites was 2% to 4%.”*” 


Laboratory Tests 


As most patients are asymptomatic in the early stages of disease, 
PSC is often first suspected when biochemical abnormalities are 
noted on routine or screening laboratory tests. Typically, a chole- 
static pattern is present, with elevated ALP levels as the predomi- 
nant feature and mild to moderate elevations in serum 
aminotransferase levels, although normal liver test values can also 
be seen or the values may fluctuate during the course of the 
disease. Bilirubin levels are often normal, particularly early in the 
disease, although these can fluctuate at times and often progres- 
sively increase as the disease advances.” Similar to other choles- 
tatic liver diseases, elevated liver and urine copper levels and 
decreased serum ceruloplasmin levels may also be present. PSC 
should be considered in all patients with IBD or other autoim- 
mune diseases whose liver tests suggest they are cholestatic. 

Total serum IgG levels are modestly elevated in approximately 
60% of patients and IgM levels can be elevated as well. IgG4 
levels are elevated in approximately 10% of PSC patients, but 
the level is rarely greater than 2.8 g/L, or twice the upper limit 
of normal.'””°'°' For patients with a serum IgG4 level between 
1.4 g/L and 2.8 g/L, a ratio of IgG4:IgG1 of less than 0.24 sug- 
gests a diagnosis of PSC rather than IgG4-sclerosing cholangitis. 
Notably, elevated IgG4 levels have been associated with decreased 
transplant-free survival in one cohort” but not in another 
cohort. |”! 

In addition to serum Ig levels, several autoantibodies have been 
detected in the serum of PSC patients (Table 43-6). However, 
none have been found to have sufficient specificity or sensitivity 
to be used for screening or diagnosis. The most prevalent autoan- 
tibody, perinuclear antineutrophil cytoplasmic autoantibody 
(pANCA), is seen in 65% to 95% of patients with PSC, 50% to 
80% of patients with UC, and 10% to 20% of patients with 
Crohn disease. Antineutrophil cytoplasmic autoantibody has been 
found in bile, and biliary IgG antineutrophil cytoplasmic autoan- 
tibody levels correlated with the severity of bile duct strictures and 
the ensuing number of interventions.'’* Other autoantibodies, 
such as ANAs, anti—Saccharomyces cerevisiae antibodies, SMAs, 
anticardiolipin antibodies, anti-thyroid peroxidase antibodies, 


WAE Prevalence of Autoantibodies in Patients 
aca With Primary Sclerosing Cholangitis 


Antineutrophil cytoplasmic antibody 50-80 
Antinuclear antibody 7-77 
Anti-smooth muscle antibody 13-20 
Anti-endothelial cell antibody 39 
Anticardiolipin antibody 4-66 
Anti-thyroid peroxidase antibody 7-16 
Antithyroglobulin antibody 4 
Rheumatoid factor 15 
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and rheumatoid factor, are less prevalent. The presence of ANAs 
and SMAs, which are also markers of type 1 AIH, can be detected 
in nearly a quarter of adult PSC patients and is more common in 
pediatric PSC patients,'”'°’ but the presence of these antibodies 
by themselves should not be considered diagnostic of an overlap 


with AIH (see Chapter 41). 


Imaging 


Cholangiography remains the gold standard for the diagnosis of 
PSC. Segmental strictures with proximal dilatation and saccula- 
tion of the bile ducts create the beaded appearance that is classic 
for PSC (Fig. 43-5). Typically, PSC affects both the intrahepatic 
and the extrahepatic bile ducts. Changes of the extrahepatic bile 
ducts are rare, whereas isolated changes of the intrahepatic bile 
ducts have been reported in 20% to 28% of cases. Dominant 
strictures, defined as strictures with a diameter of less than 1.5 mm 
of the common bile duct or less than 1.0 mm of a hepatic duct 
within 2 cm of the bifurcation, develop at an accumulated fre- 
quency of 36% to 57% throughout the disease course. Almost 
90% of PSC patients have abnormal gallbladders, and bile duct 
calculi are found in 8% to 26% of PSC patients. 

Historically, cholangiography has been performed through 
endoscopic retrograde cholangiography (ERC). However, a meta- 
analysis including six large studies found that magnetic resonance 
cholangiography (MRC) is sufficiently sensitive and specific in 
most cases of PSC and thus is the more appropriate first-line 
diagnostic tool.'™ However, if there is a high index of suspicion 
and the MRC findings are negative or equivocal, ERC should be 
performed, as MRC has been found to be less sensitive in cases of 
early disease and cirrhosis. Additionally, ERC has the advantage of 
also being therapeutic, allowing ductal dilation and stenting, and 
providing further diagnostic information with brush cytology and 
biopsies. However, it also carries the risk of complications such as 
pancreatitis, abdominal pain, cholangitis, pancreatitis, bleeding, 
and bile duct perforation. In contrast, with the increased use of 
MRC and other abdominal imaging modalities there has been 
an increase in incidental findings in PSC, including lymphade- 
nopathy and pancreatic cysts. Perihilar and even retroperitoneal 
lymphadenopathy are frequent in PSC, as well as other autoim- 
mune liver diseases, and do not require further evaluation unless 
there are other symptoms or findings that raise suspicion of a 
more malignant disease. Small pancreatic cysts, including intra- 
ductal papillary mucinous neoplasms, are also found in PSC, 
likely at the same rate as in other patients and should be managed 
similarly. 

Distinguishing IgG4-related sclerosing cholangitis from PSC 
on imaging remains challenging (Fig. 43-6). With use of ERC, 
bandlike strictures, beaded or pruned-tree appearance, and 
diverticulum-like formation were found significantly more fre- 
quently in PSC than in IgG4-related sclerosing cholangitis. '” 
In contrast, segmental strictures, long strictures with prestenotic 
dilatation, and strictures of the distal common bile ducts were 
significantly more frequent in IgG4-related sclerosing cholangi- 
tis than in PSC. These findings were reported to correctly dis- 
criminate 27 of 28 patients with PSC and 25 of 26 patients with 
IgG4-related sclerosing cholangitis. In a comparative analysis of 
magnetic resonance imaging findings, an increased single-layer 
common bile duct wall thickness greater than 2.5 mm, continu- 
ous involvement of the biliary tree, gallbladder involvement, and 
absence of liver parenchymal abnormalities were associated with 
IgG4-related sclerosing cholangitis rather than PSC.'"° 


e Fig. 43-5 Magnetic resonance cholangiograms of a typical case of 
primary sclerosing cholangitis. A, Strictures and dilations are limited to 
the intrahepatic ducts with smooth common bile duct. B, Involvement of 
both intra hepatic and extrahepatic ducts. C, In addition to the strictures 
and dilation (small arrows), large sacculations of the bile ducts can be 
present (large arrow). 
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e Fig. 43-6 A case of immunoglobulin G4-related sclerosing cholangitis. A, Magnetic resonance 
cholangiopancreaticogram revealing a markedly dilated common bile duct (CBD) with abrupt stricturing 
in the distal CBD and mildly dilated pancreatic duct (PD). B, Cross-sectional image showing an associated 
mass in the head of the pancreas (dashed outline). C, Liver biopsy reveals bile duct inflammation and 
injury with the classic “onion skin” typical of PSC was present (inset, hematoxylin and eosin stain; x20). 
An immunoglobulin G4 (IlgG4) immunostain demonstrated up to 15 IgG4-positive cells per high-power 
field, predominantly within the portal tracts (IgG4 immunostain; x20). 


Histology 


Liver biopsy in patients with radiographic evidence of PSC is not 
needed for diagnosis, although it may help in excluding other 
diseases. Liver biopsy is not reliable alone for the diagnosis of PSC 
as it is nonspecific and the findings may be normal when only 
large ducts are involved. However, when biopsy is performed, 
characteristic findings include bile duct proliferation, periductal 
fibrosis with typical “onion-skin” lesions, periductal inflamma- 
tion, and bile duct obliteration (Fig. 43-7). Importantly, the 
classic concentric fibrosis is found in only a minority of cases and 
may also be present in ischemic cholangitis and other biliary 
diseases. Histologic staging using the Ludwig criteria includes 
(1) cholangitis or portal hepatitis, (2) periportal fibrosis or hepa- 
titis, (3) septal fibrosis and/or bridging necrosis, and (4) biliary 
cirrhosis. 

Although liver biopsy is rarely performed in PSC, there has 
been renewed interest in its use for potential diagnostic and prog- 
nostic purposes. Using demographic, macroscopic, and histologic 
variables to analyze liver explants from PSC, PBC, and hepatitis C 
patients, Carrasco-Avino et al.” found that arterial fibrointimal 


hyperplasia and biliary changes, particularly medium-sized bile 
duct loss, scars, and onion-skin fibrosis of medium and terminal 
bile ducts, were the most specific for PSC. Revisiting the Ludwig 
system and comparing it with the Ishak and Nakanuma systems in 
terms of clinical outcomes, de Vries et al.'°* found strong associa- 
tions between disease stage measured by all three staging systems 
and liver transplant—free survival and time to liver transplant. 


Inflammatory Bowel Disease in PSC 


One of the most notable and perplexing features of PSC is not 
simply its strong association with IBD, but the lack of a temporal 
relationship with its onset and activity and the unique phenotype 
of PSC-associated IBD. IBD presents at a younger age in patients 
with PSC than in patients without PSC. Usually the diagnosis of 
PSC is made in patients with preexisting IBD. However, in some 
cases the diagnosis of PSC precedes that of IBD by several years. 
IBD may even present after liver transplant for PSC, and PSC 
may present in an IBD patient after colectomy. Unlike other 
extraintestinal manifestations of IBD such as uveitis and erythema 
nodosum, which correlate with colonic disease activity, the colitis 
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e Fig. 43-7 A, Bile duct showing minimal epithelial changes with a few surrounding lymphocytes. B, Bile 
duct showing characteristic findings with more advanced epithelial changes and concentric fibrosis and 
scattered lymphocytes. C, Autoimmune hepatitis-like features with inflammatory interface activity and a 
small bile duct with epithelial changes (upper right corner). 


of PSC is characterized by prolonged remissions and does not 
correlate with the severity of PSC. 

Notably, the colitis of PSC is often extensive, although clini- 
cally quiescent, regardless of whether it is classified as UC or 
Crohn disease.'®”''' Inflammation is more pronounced in the 
ascending colon than in the descending colon. Additionally, it is 
often associated with rectal sparing and backwash ileitis, charac- 
teristics typically found in Crohn disease. In PSC-IBD patients 
who have undergone proctocolectomy and ileal pouch—anal anas- 
tomosis, a higher incidence of pouchitis has been noted. Crohn 
disease associated with PSC does not typically have strictures or 
fistulas, but rather is restricted to the colon. The relative frequency 
of pancolitis in Crohn disease versus UC could thus explain the 
apparent lower frequency of PSC in Crohn disease compared with 
UC. In contrast to the relatively mild inflammation of PSC-IBD, 
the risk of colonic adenocarcinoma is significantly increased com- 
pared with that of UC alone, with a greater tendency toward 
ascending colon cancers in PSC. 

Colonoscopy with biopsies at the time of PSC diagnosis is 
required to establish the presence or absence of IBD regardless of 
any lack of symptoms. Because IBD in PSC demonstrates features 
of both UC and Crohn disease, the distinction between UC and 
Crohn disease can be problematic and frequently leads to the 
designation of indeterminate colitis. The variation in the reported 
relative prevalence of UC and Crohn disease in patient cohorts is 
likely to reflect the interobserver variability in IBD classification 
as opposed to an actual difference in the diseases. However, the 


distinction between UC and Crohn disease may impact treat- 
ment, particularly in those with more severe IBD. PSC severity 
may differ between UC and Crohn disease, on the basis of the 
observation of a relatively higher prevalence of Crohn disease 
among patients with small duct PSC.'" In addition to IBD, 
approximately one quarter of PSC patients will have another 
autoimmune disease. 


Natural History 


Understanding the natural history of PSC is complicated by the 
multitude of clinically relevant outcomes, which may or may not 
be related to the extent or duration of disease (Fig. 43-8). Early 
natural history studies among patients with PSC derived from 
tertiary care and liver transplant centers that served as large referral 
networks for patients with complex gastrointestinal tract and/or 
liver diseases. These reports estimated that the median time from 
diagnosis of PSC to either death or liver transplant ranged from 
9 to 18 years.''*''° In contrast to these data derived from tertiary 
care centers, a study identified all patients with PSC treated at 44 
hospitals in a large geographically defined area in the Netherlands 
that contained 50% of the country’s population. In that 
population-based study, the estimated median survival from diag- 
nosis of PSC until liver transplant or PSC-related death was 21.3 
years in the entire cohort of patients and 13.2 years for patients 
receiving care at a transplant center,’ supporting the potential bias 
of earlier reports of median survival of less than 20 years. 
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Risk Prediction in PSC 


Several risk models have been developed over time to prognosti- 
cate and predict outcomes in patients with PSC, and these incor- 
porate different combinations of clinical, histologic, and/or 
laboratory parameters (Table 43-7). Because cholestasis occurs 
relatively early in PSC compared with hepatocellular-based causes 
of cirrhosis and portal hypertension tends to be presinusoidal with 
early development of varices without ascites, commonly used 
models for cirrhosis such as the Child-Turcotte-Pugh classification 
and the Model for End-Stage Liver Disease (MELD) score may 
not adequately predict outcomes in PSC. As expected, bilirubin 
and markers of portal hypertension are common to all of the PSC 
models described. However, it is quite informative that only one 
model carried ALP into the final predictive model. 

The Mayo risk score, which unlike some other models, does 
not include histologic criteria requiring a liver biopsy; is the only 
validated model, and remains the most commonly used.''” Unlike 
the Child-Turcotte-Pugh score, the Mayo risk score was developed 
and validated to prognosticate outcomes in patients with all stages 
of disease, and it is based purely on objective clinical and labora- 
tory criteria. The revised Mayo risk score accounts for serum 


Fatigue Splenomegaly Variceal bleeding 
Abdominal pain Esophageal Liver failure 
Pruritus varices 
_Bacterial cholangitis | 
Cholangiocarcinoma 

pO — Colon cancer 
e Fig. 43-8 Natural history of primary sclerosing cholangitis and its clinical 
outcomes. 
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bilirubin, albumin, AST, age, and history of variceal bleeding, and 
in derivation and validation cohorts estimated survival accurately 
up to 4 years after calculation of the score.''*® 

Recently, novel methods to prognosticate the clinical course of 
patients with PSC have used noninvasive fibrosis markers, specifi- 
cally transient elastography and serum markers of fibrosis (Table 
43-8). In a prospective study of patients with PSC, liver stiffness 
measurement obtained by vibration-controlled transient elastog- 
raphy was accurate in differentiating PSC patients into those with 
minimal to no fibrosis versus those with severe fibrosis and cir- 
thosis.''” Vibration-controlled transient elastography was superior 
to other noninvasive markers of fibrosis in patients with PSC, 
notably the FIB-4 score and the Mayo risk score. Furthermore, 
among 142 patients monitored with vibration-controlled tran- 
sient elastography for an average of 3.9 + 2.1 years, liver stiffness 
measurement demonstrated a slow progression in those patients 
with minimal fibrosis (FO or F1) but an exponential increase in 
stiffness over time once patients reached a fibrosis stage of F2 or 
greater. Once patients reached a fibrosis stage of F4 (cirrhosis), 
the median time from compensated to decompensated cirrhosis 


wAN-j83) Novel Methods to Risk Stratify and/or 
GŠ- Prognosticate Outcomes in Patients With 
Primary Sclerosing Cholangitis 


Calprotectin’’® 


Biliary calprotectin level 


Transient Liver stiffness measurement 


elastography''® 


Serum markers of tissue inhibitor of 
metalloproteinase 1, hyaluronic acid, and intact 
N-terminal propeptide of type Ill procollagen 


Ratio of serum AST/ALT 


Enhanced liver 
fibrosis score'”° 


AST/ALT ratio"! 


ALT, Alanine aminotransferase; AST, aspartate aminotransferase. 


Prognostic Models of Transplant-Free Survival in Primary Sclerosing Cholangitis 


Age v v v v v 
Alkaline phosphatase v 

AST v 
Bilirubin v Vie v v 
Albumin v v 
Hepatomegaly J K 

Splenomegaly y v 

Biopsy stage v v 

Variceal bleeding xt ff 


AST, Aspartate aminotransferase. 
*Persistently elevated bilirubin level. 
tCases with variceal bleeding (4% of total) excluded. 


+R = 0.03 (age [yr]) + 0.54 In(bilirubin [mg/dL]) + 0.54 In(AST [U/L]) + 1.24 (variceal bleeding [0/1]) — 0.84 (albumin (g/dL). 
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was 3.6 years, with a significantly increased risk of liver-related 
complications in patients with either a greater amount of baseline 
fibrosis or a more rapid increase in their liver stiffness measure- 
ment, or both.'"” 

An alternative noninvasive marker of fibrosis that may have 
prognostic value in PSC is the enhanced liver fibrosis (ELF) score. 
This score combines three serum markers: tissue inhibitor of 
metalloproteinase 1, hyaluronic acid, and intact N-terminal pro- 
peptide of type III procollagen.'*° In a cohort of patients with 
PSC, compared with healthy controls and patients with UC in 
the absence of PSC, the ELF score distinguished between mild 
and severe disease defined by the clinical outcome of transplant 
or death with an area under the receiver operating characteristic 
curve of 0.81. Additionally, in multivariate survival models, the 
ELF score was significantly associated with transplant-free sur- 
vival, independently of the Mayo risk score. The ELF risk score 
correlated with vibration-controlled transient elastography find- 
ings in separate assessments, which highlights the applicability of 
either of these noninvasive measures of fibrosis as a means to 
prognosticate outcomes of patients with PSC.” 

In addition to risk models and noninvasive markers, there are 
two distinct serum markers that may have prognostic value in 
patients with PSC: serum IgG4 and ALP. Two large series have 
evaluated the association between serum IgG4 and disease course 
in patients with PSC. The first, single-center study suggested that 
the subset of patients with PSC and elevated IgG4 levels had more 
severe disease and a shorter time from disease presentation to liver 
transplant. A separate two-center study of 345 patients with PSC 
demonstrated no association between serum IgG4 levels in 
patients with PSC and the combined end point of death, liver 
transplant, and cholangiocarcinoma.””'”' Thus the data are unclear 
about the utility of using serum IgG4 levels in patients with PSC 
to predict their short-term and long-term outcomes. That said, 
checking serum IgG4 levels, especially in patients with an atypical 
presentation of PSC or without IBD, has a role in distinguishing 
PSC from IgG4-related sclerosing cholangitis given the differences 
in prognosis and treatment. Although serum ALP was not a factor 
in the development of the Mayo risk score, it has been revisited 
and may play a role in predicting outcomes. Although ursodeoxy- 
cholic acid (UDCA) has not been shown to prolong survival in 
patients with PSC, in placebo-controlled trials, reduction and/or 
normalization of serum ALP levels is associated with longer 
survival times, irrespective of UDCA or placebo treatment 
assignment. '?™!” These data suggest that improvements in serum 
ALP as opposed to baseline values, signify a more benign disease 
course, independent of treatment. 


Malignancy Risks in Patients With PSC 


Patients with PSC are at risk of progressive liver fibrosis and 
liver failure but are also at significantly increased risks of three 
cancers: cholangiocarcinoma, colorectal adenocarcinoma, and 
gallbladder carcinoma. The estimated incidence of cholangiocar- 
cinoma in patients with PSC ranges from less than 10% in some 
studies to more than 30% in others, depending on the selected 
cohort (population-based cohort vs. tertiary-care referral center 
cohort) or the method of diagnosis (premortem vs. postmortem 
or imaging vs. explant pathology). The risk of cholangiocarci- 
noma appears to be greatest in the first year after PSC has been 
diagnosed. The best estimate of the risk in all patients with PSC 
derives from the population-based cohort of patients with 
PSC from the Netherlands. In this cohort of 590 patients with 


PSC with a median follow-up of 92 months, 41 (7.0%) developed 
cholangiocarcinoma during follow-up. Of these 41 patients who 
developed cholangiocarcinoma, 33 (80%) died after a median 
period of 1 year after diagnosis of cholangiocarcinoma (range, 
0-7 years). The median time from diagnosis of PSC to cholan- 
giocarcinoma was 6 years, but had a broad range of 0 to 36 years. 
Importantly, 40 of 41 patients who developed cholangiocarci- 
noma had large duct PSC, and 27 (66%) had concomitant IBD. 
Overall, the risk of cholangiocarcinoma in patients with PSC was 
increased 398-fold compared with the general population, with 
the cumulative risk of cholangiocarcinoma at 10 years, 20 years, 
and 30 years being 6%, 14%, and 20% respectively.’ Unlike 
other forms of chronic liver disease and cirrhosis, development of 
hepatocellular carcinoma is a rare event in patients with PSC. Ina 
series from two large tertiary-care transplant centers over a 33-year 
period, none of 119 patients with PSC and cirrhosis developed 
hepatocellular carcinoma, whereas 35 developed cholangiocarci- 
noma, 3 had gallbladder cancer, and 9 had colorectal cancer.'” 

The risk of colon cancer is also increased significantly in 
patients with PSC. Although colon cancer may exist in the 
absence of IBD, the elevated risk of colon cancer in patients with 
PSC is essentially limited to the subset with IBD. In a 44-center 
Netherlands study, 20 patients (3%) with PSC developed colon 
cancer during follow-up, of whom 19 (95%) had IBD, and all 
had large duct PSC.’ The risk of colon cancer, although elevated 
compared with the baseline risk, is less pronounced than the risk 
of cholangiocarcinoma: 5.0-fold increased risk among all PSC 
patients compared with the age- and sex-matched general popu- 
lation; among PSC-UC patients, there was an 8.6-fold increased 
risk compared with the age- and sex-matched general population 
and a 9.8-fold increased risk compared with controls with UC.’ 
Importantly, the natural history of colon cancer in patients with 
PSC and IBD is accelerated, with a median age of diagnosis of 39 
years, compared with 59 years in IBD controls, and cumulative 
risks of colon cancer after IBD diagnosis in PSC-IBD patients at 
10 years, 20 years, and 30 years of 1%, 6%, and 13% respectively.” 

The final cancer that patients with PSC are at significantly 
increased risk of developing is gallbladder carcinoma, a rare cancer 
in the general population most commonly associated with gall- 
bladder polyps and PSC, and diagnosed at a later stage, when the 
prognosis is poor.'””'’! There are limited estimates of the inci- 
dence of gallbladder carcinoma because of challenges in screening 
and early diagnosis of gallbladder carcinoma in patients with PSC. 
However, on the basis of pathologic review from 72 cholecystec- 
tomies performed either at the time of liver transplant (7 = 66) 
or before transplant (7 = 6), gallbladder dysplasia was seen in 27 
cases (37%), and gallbladder adenocarcinoma was seen in 10 cases 
(14%). Of these 10 cases of gallbladder adenocarcinoma, 2 had 
lamina propria invasion, whereas 8 had invasion into the muscu- 
laris or adventitia.” 


Pretransplant Management 


At this time there is no proven pharmacotherapy for the treat- 
ment of PSC that is able to reduce disease progression or improve 
mortality. One of the limitations in the field of drug develop- 
ment is the lack of reliable surrogate end points. A selective list 
of clinical trials in PSC (Table 43-9) illustrates the heterogeneity 
of both end point selection and subsequent results over the past 
several decades. Although not prospectively validated, patients 
whose serum ALP values reduce to normal or below 1.5 times the 
upper limit of normal have improved outcomes, including those 
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P Selected Clinical Drug Trials in Primary Sclerosing Cholangitis 


UDCA Monotherapy 
UDCA (13-15 mg/kg/day) 


UDCA (13-15 mg/kg/day) 


UDCA (12-15 mg/kg/day) 


UDCA (20 mg/kg/day) 


UDCA (25-30 mg/kg/day) 
UDCA (17-23 mg/kg/day) 


UDCA (10 mg/kg/day vs 
20 mg/kg/day vs 30 mg/kg/ 
day) 


UDCA (28-30 mg/kg/day) 


Immunomodulation 
Methotrexate (15 mg/wk) 


UDCA (500-75 mg/day); 
prednisone (1 mg/kg/day, 
tapered); azathioprine 
(1-1.5 mg/kg/day) 


UDCA plus budesonide (9 mg/ 
day) or prednisone (10 mg/ 
day) 


Budesonide (9 mg/day) 


Pentoxifylline (1200 mg/day) 


UDCA (13-15 mg/kg/day) 
with or without 
mycophenolate mofetil 
(2 g/day) 


Mycophenolate mofetil 
(1-3 g/day) 


Tacrolimus (0.1 mg/kg/day) 
Infliximab (5 mg/kg) 


1992 


1997 


1999 


2001 


2001 
2005 


2008 


2009 


1994 


1999 


2000 


2000 


2001 
2004 


2005 


2007 
2008 


14 


105 


17 


26 


30 
219 


31 


150 


24 


15 


18 


21 


20 
25 


30 


16 
10 


12 


24 


12 


24 


12 
60 


24 


60 


24 


41 


12 


12 
24 


12 


12 


Randomized, double blind, 
placebo controlled 


Randomized, double blind, 
placebo controlled 


Open label 


Randomized, double blind, 
placebo controlled 


Open label 


Randomized, double blind, 
placebo controlled 


Randomized, double blind, 
placebo controlled 


Randomized, double blind, 
placebo controlled 


Randomized, double blind, 
placebo controlled 


Open label 


Randomized double blind 


Open label 


Open label 


Randomized controlled 
trial 


Open label 


Open label 


Randomized, double blind, 
placebo controlled 
(N= 10) 


Improved liver biochemistry, 
improved histologic score 


No benefit in outcomes, despite 
improved liver biochemistry 


Improved liver biochemistry, no 
improvement in hepatic 
inflammation, fibrosis, or 
histologic stage 


Improved liver biochemistry, 
reduced histologic and 
cholangiographic progression 


Improved liver biochemistry 
No benefit 


Improved liver biochemistry, 
improved Mayo risk score (high 
dosage) 


No benefit, increased incidence of 
adverse events 


Mild improvement in ALP level only, 
poorly tolerated 


Improved biochemistry, improved 
histologic stage in 6 of 10 
patients 


Decreased pruritus with 
prednisone, no improvement in 
liver biochemistry 


Marginal improvement in liver 
biochemistry, no change in 
histologic stage, worsened 
bone density 


No benefit 
No benefit 


Mild improvement in liver 
biochemistry, no change in 
Mayo risk score 


Improved liver biochemistry 
No benefit 


Beuers et al.”!? 
Lindor’? 


Van Milligen de 
Wit et al.?"° 


Mitchell et al.” 


Harnois et al. 


Olsson et al.” 


Cullen et al.'%° 


Lindor et al.'*° 


Knox and 
Kaplan?"° 


Schramm et al.?"° 


Van Hoogstraten 
et al.” 


Angulo et al.’ 


Bharucha et al.” 


Sterling et al.?"° 


Talwalkar et al.” 


Talwalkar et al.’ 


Hommes et al.'°° 


Continued 


(7: VS SONML@IN@Va Immune Diseases and the Liver 


TABLE 


PEW Selected Clinical Drug Trials in Primary Sclerosing Cholangitis—cont’d 


Antibiotics/Probiotics 
Metronidazole plus UDCA 2004 80 36 Randomized, double blind, Improved liver biochemistry, Mayo Farkkila et al.?” 
(15 mg/kg/day) placebo controlled risk score, and histological 
stage and grade, not 
cholangiography findings 
Probiotics (4 Lactobacillus 2008 14 8 Randomized, crossover No benefit Vleggaar et al.” 
strains and 2 Bidfidobacillus 
strains) 
Minocycline 2009 16 il2 Open label Improved liver biochemistry and Silveira et al.” 
Mayo risk score 
Vancomycin (125 mg or 2013 35 3 Randomized, double blind Improved liver biochemistry and Tabibian et al.'®° 


250 mg 4 times per day) or 
metronidazole (250 mg vs 


Mayo risk score with low- 
dosage metronidazole and 


500 mg 3 times per day) vancomycin 

Rifaximin (550 mg twice per 2014 16 3 Open label No benefit Tabibian et al.” 
day) 

Others 

Colchicine (1 mg) 1995 84 36 Randomized, double blind, No benefit Olsson et al.” 

placebo controlled 

Silymarin (140 mg 3 times per 2010 30 12 Open-label pilot Improved liver biochemistry, no Angulo et al.””® 
day) change in Mayo risk score 

Docosahexaenoic acid 2012 23 12 Open label Improved liver biochemistry Martin et al.?2” 


(800 mg twice per day) 


ALP. Alkaline phosphatase; UDCA, ursodeoxycholic acid. 


in whom this occurs spontaneously. >>! Whether targeting a 
reduction in ALP levels is a suitable end point for drug trials is 
not currently known. However, such study designs limit enroll- 
ment to patients with baseline ALP level elevation. In addition, 
the heterogeneous nature of PSC (large duct vs. small duct, intra- 
hepatic and extrahepatic biliary disease) and the frequent concur- 
rence of colitis adds to the complexity of managing this disease. 
Indeed, the lack of comprehensive and effective animal models 
illustrates the challenges in understanding and subsequently treat- 
ing PSC.'* Although not fully understood, the pathophysiology 
of PSC likely includes multiple mechanisms of injury, including 
toxic bile acids, autoimmune injury from an aberrant liver-gut 
axis, dysbiosis, biliary fibrosis, and autoinflammation. Therefore 
the eventual development of effective pharmacotherapy may need 
to incorporate multiple therapeutic modalities. A proposed treat- 
ment algorithm based on the best available data is shown in 


Fig. 43-9. 


Pharmacotherapy 


On the basis of the toxic bile mechanism of injury, pharmaco- 
therapeutic strategies aimed at bile acid modulation have been the 
primary strategy for clinical drug development. UDCA has been 
studied the most extensively, but its role as a therapeutic agent in 
the treatment of PSC remains controversial. A placebo-controlled 


study by Lindor’ demonstrated that moderate-dosage UDCA 
(13-15 mg/kg/day) improved serum levels of ALP and bilirubin; 
however, there was no difference in the rate of death, progression 
to cirrhosis, or liver transplant. Subsequent long-term, random- 
ized controlled trials of UDCA using dosages ranging from 10 to 
30 mg/kg/day failed to demonstrate any improvements in clini- 
cal outcomes.'*°'*” Notably, a large Scandinavian study of 219 
patients randomized to receive UDCA at 17 to 23 mg/kg/day 
(n= 110) or placebo (7 = 109) for 5 years failed to show any dif- 
ference in transplant-free survival. However, two important issues 
related to clinical study design in PSC were highlighted. First, 
this study was unable to recruit the number needed to adequately 
power a 50% reduction in clinical outcomes as defined in the 
study. Large, adequately powered studies in PSC require inter- 
national participation to recruit sufficient numbers of patients. 
Second, only 18 of 219 patients, 7 treated with UDCA and 11 
treated with placebo, died or had a liver transplant in the 5 years. 
Thus the vast majority of PSC patients eligible for clinical trials 
will not reach these end points in a timeframe that is practical. 
Alternative approaches are to limit enrollment to patients with 
more advanced disease or to use a composite of intermediate 
clinical end points including varices and other complications of 
cirrhosis. 

Following the publication of encouraging pilot study data,'** 
a placebo-controlled study was performed with high-dosage 
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Underlying 
Sclerosing cause Secondary 
cholangitis sclerosing cholangitis 


IgG4 > 1.4 — 2.8 g/L 


IgG4 < 1.4 IgG4 > 2.8 g/L 
or meeting 


HISORt criteria 


High IgG4 PSC 


IgG4-related 


Monitoring/ 


ALP > 1.5 x ULN surveillance 


BE Classic large duct PSC 


sclerosing cholanitis 


ALP > 1.5 x ULN 


Consider trial of 
prednisone 40 mg/d 


Consider referral 
to clincial trial 


y 


Biochemical response 


4 Yes 


Azathioprine 
maintenance 


Prednisone 40 mg/d 
with slow taper; 
azathioprine maintenance 


Consider trial 
of UDCA 
13-23 mg/kg/d 


y 


Biochemical 
response 


Y Yes 


Continue UDCA 


o 


= 


e Fig. 43-9 A proposed management algorithm for patients presenting with sclerosing cholangitis on 
cholangiographic imaging based on available data.°”'“*°°" Monitoring and surveillance includes studies 
to investigate liver disease progression (laboratory tests, vibration-controlled transient elastography, or 
magnetic resonance elastography), malignancy (annual colonoscopy if inflammatory bowel disease is 
present; annual imaging and carbohydrate antigen 19-9), and comorbid conditions (bone density scan; 
fat soluble vitamins; celiac disease serologic tests). A biochemical response is defined by a reduction in 
alkaline phosphatase (ALP) level to lower than 1.5 times the upper limit of normal (ULN). /gG4, Immuno- 
globulin G4; HISORt, histology, imaging, serology, other organ involvement, and response to steroid 
therapy; PSC, primary sclerosing cholangitis; UDCA, ursodeoxycholic acid. 


UDCA (25-30 mg/kg/day) in which the primary outcome 
measure was a composite of development of cirrhosis, varices, or 
cholangiocarcinoma, liver transplant, or death.'”” Despite this 
approach, the study was terminated after 6 years for futility. It was 
subsequently found that there was an increased frequency of nega- 
tive end points such as transplant, cirrhosis, and development of 
varices. Post hoc analysis suggested that the adverse effects of high- 
dosage UDCA appeared to be limited to those patients with 
early-stage disease.“ On the basis of the results of this trial, the 
2010 American Association for the Study of Liver Disease guide- 
lines on PSC recommended against the use of UDCA.“ Other 
guidelines, including those from the European Association for the 
Study of the Liver, state that there is insufficient evidence to 
recommend the use of UDCA in moderate doses,“ and the 
American College of Gastroenterology states that only high 
dosages of UDCA (> 28 mg/kg/day) should be avoided. '*’ Further 
complicating the challenge for clinicians, a prospective study 
evaluating withdrawal of UDCA from PSC patients reported 
deterioration in serum liver test findings and Mayo risk score, and 
increased incidence of pruritus.“ In addition, although some 
studies have suggested a chemoprotective effect of UDCA against 
colorectal neoplasia, “>'S another study has shown an increased 
risk with high-dose UDCA.“ In summary, UDCA has not been 
shown to improve clinically meaningful end points in PSC and 
high doses are potentially harmful, although UDCA can improve 


serum liver biochemistry. 


A newer bile acid—modulating agent is norursodeoxycholic 
acid, a C,; homolog of UDCA with potent choleretic activ- 
ity.'“* Preclinical studies showed significant anticholestatic, anti- 
inflammatory, and antiproliferative properties with less toxicity 
than UDCA. This drug is now under investigation in a mul- 
ticenter Phase II clinical trial throughout Europe. Obeticholic 
acid, an epimer of UDCA and a ligand for farnesoid X recep- 
tor agonist, was recently shown to decrease serum ALP levels 
in patients with PBC,’ and a Phase II evaluation in PSC is 
ongoing. 

Given the frequency of colitis in PSC patients, there is under- 
standable interest in evaluating microbiome-altering strategies to 
reduce biliary inflammation and fibrosis. Orally administered van- 
comycin has been evaluated in several studies.'”’'”’ In a case series 
of 14 pediatric PSC patients treated with orally administered 
vancomycin, all patients had improvement in their liver biochem- 
istry, especially those without cirrhosis. *? Subsequently, the same 
investigators found that orally administered vancomycin led to 
histologic and imaging improvements, as well as to increases in 
plasma levels of transforming growth factor B and peripheral 
Tregs.'”' In adults, orally administered vancomycin has also been 
studied in a 12-week randomized trial, and demonstrated a 
modest reduction of serum ALP levels, with decreased incidence 
of adverse effects compared with orally administered metronida- 
zole.” Long-term studies of antimicrobial therapy are needed to 
evaluate this potential avenue of therapy; however, both a deeper 
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understanding of the pathogenic organisms and a deeper under- 
standing of dysbiosis patterns in PSC are likely needed before a 
truly informed and selective intervention in the gut flora can 
proceed. The potential harm from indiscriminant removal of gut 
flora has been illustrated by the exacerbation of biliary disease in 
the Mdr2-null mouse raised in a germ-free environment.” 

Given the evidence for autoimmunity in PSC, various immu- 
nosuppressive agents have been studied for the treatment of PSC, 
including azathioprine, methotrexate, tacrolimus, infliximab, and 
corticosteroids.'*'*° None of these agents were able to provide 
measurable therapeutic benefit beyond occasional reductions in 
ALP levels, and often resulted in significant adverse effects. 
However, in most cases, clinical trials with immunosuppressive 
agents have been underpowered and also included patients with 
advanced. stages of disease. The development of more targeted 
immunosuppressive drugs has renewed interest in this therapeutic 
class, including targeting the aberrant homing of intestinal lym- 
phocytes to the liver. Vedolizumab, a humanized monoclonal 
antibody that selectively blocks the 0.8, integrin, was recently 
approved by the FDA for treatment of UC and Crohn disease,” 
and other agents targeting CCR9 are potential new drugs for 
study. Nonetheless, apart from PSC-AIH overlap and IgG4- 
related sclerosing cholangitis, immunosuppression is not recom- 
mended for the management of PSC at this time. 

A new potential therapeutic modality involves the targeting of 
biliary fibrosis itself. The multidisciplinary approach to fibrogen- 
esis and its pathophysiology is increasing awareness of common 
pathogenic pathways across different organs.” One candidate 
target in PSC is lysyl oxidase-like 2, which is encoded by a gene 
(LOXL2) identified through studies of Mdr2-null mice, which 
develop chronic cholangitis.” A monoclonal antibody against 
lysyl oxidase-like 2 is currently undergoing testing in human 
clinical trials, including in PSC. It is likely that other candidates 
for biliary fibrosis modulation in PSC will emerge. As such, defin- 
ing appropriate surrogate study end points to demonstrate regres- 
sion of fibrosis will be of continued importance. 


Endoscopic Management 


The frequency of dominant strictures, defined as a stenotic area 
with a diameter of 1.5 mm or less in the common bile duct or 
1 mm or less in the hepatic duct, is as high as 50% in PSC.'® 
Over time, many patients with progressive strictures will require 
ERC for symptomatic disease, including cholangitis from acute 
obstruction, right upper quadrant pain, or pruritus. The endo- 
scopic modalities include balloon dilation and stenting. There are 
no randomized controlled trials either comparing these two 
modalities or comparing routine endoscopic management of stric- 
tures with placebo. Sphincterotomy is controversial because it can 
result in further sclerosis of the distal biliary tree and increase the 
risk of bacterial cholangitis. 

Many patients who receive short-term stenting or dilation for 
dominant strictures experience significant improvement in symp- 
toms, and a long-term study of patients who received balloon 
dilation suggested prolonged benefits of ensuring patency of large 
bile ducts.'°' However, this must be weighed against the potential 
for complications, including iatrogenic bacterial cholangitis and 
the formation of biliary abscesses, especially when both endo- 
scopic modalities are used in combination. '® Routine endoscopic 
intervention for stricture management remains controversial. 
There is insufficient evidence to date that endoscopic intervention 
itself can change the natural history of PSC. Furthermore, the 


question is difficult to answer because dominant strictures are 
associated with reduced transplant-free survival. "° 


Cancer Screening for Cholangiocarcinoma, 
Gallbladder Cancer, and Colorectal Cancer 


Cholangiocarcinoma is one of the leading causes of death in PSC, 
with a cumulative incidence approaching 20% after 30 years.’ 
Furthermore, it frequently manifests within the first few years of 
the PSC diagnosis. However, to date there are no large studies 
evaluating strategies for cholangiocarcinoma screening. Thus 
detailed study and standardization of screening practices across 
different demographic populations are unmet areas of need in 
PSC management. One proposed approach is to perform yearly 
imaging with ultrasonography or MRC'™ and serum carbohy- 
drate antigen (CA) 19-9. Although a CA 19-9 serum level above 
129 U/mL was found to have a specificity of 98% and sensitivity 
of 79% for cholangiocarcinoma detection, the positive predictive 
value was less than 60%, and levels can be elevated also in the 
setting of cholangitis and biliary obstruction." Furthermore, 
patients with mutations in the fucosyltransferase 3 gene (FUT3) 
do not produce CA 19-9, and therefore it is not an ideal screening 
tool by itself.'° 

The main goal when one is confronted with a dominant stric- 
ture, or any suspicious lesion detected on screening imaging, is to 
carefully exclude the possibility of cholangiocarcinoma. This can 
be accomplished by a stepwise approach beginning with cytology 
and brushings of the lesion by ERC.'°” The use of fluorescence in 
situ hybridization (FISH) has been proposed as a more sensitive 
method to detect cholangiocarcinoma, and in one study malig- 
nancy was subsequently diagnosed in 69% of patients with poly- 
somy on more than one occasion." The general approach to 
management of cholangiocarcinoma is discussed in Chapter 47. 
The key distinction in the setting of PSC is to determine whether 
the malignancy is amenable to liver transplant. Unfortunately, 
most patients with cholangiocarcinoma and PSC fall outside the 
criteria for transplant and have rapidly progressive disease. New 
biomarkers for early cholangiocarcinoma detection and oncologic 
treatment for early-stage disease are urgently needed.’ 

Given the increased risk of gallbladder carcinoma, there are 
recommendations to consider screening for gallbladder adenocar- 
cinoma, although the timing and imaging test for this remains 
unclear. In patients without PSC, a cutoff of 1.0 cm has been 
suggested to identify patients with gallbladder polyps who should 
have a cholecystectomy; however, current American Association 
for the Study of Liver Disease guidelines for management of PSC 
recommend cholecystectomy for gallbladder polyps of any size 
because of an elevated risk of malignancy.'*' This guidance derives 
from several studies showing increased rates of malignancy, includ- 
ing one series of 72 gallbladders in which 37% had dysplasia and 
14% had adenocarcinoma.'”’ In that study most specimens were 
removed at the time of liver transplant. Others have recommended 
an optimal cutoff of 0.8 cm for detection of gallbladder neoplasia 
in PSC with a sensitivity and specificity for gallbladder carcinoma 
of 100% and 70%, respectively, and an area under the receiver 
operating characteristic curve of 0.90, and a cutoff of 1.2 cm for 
detection of gallbladder carcinoma with an area under the receiver 
operating characteristic curve of 0.93." For PSC patients with 
advanced disease it is necessary to weigh the risks and benefits of 
biliary surgery in the setting of very small polyps. 

The risk of colorectal carcinoma in PSC with concurrent UC 
compared with UC alone is increased by more than fourfold. 
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Consequently, a patient in whom PSC has been newly diagnosed 
should undergo an initial screening colonoscopy to evaluate the 
patient for colitis. Because of the high risk of colorectal carcinoma 
in patients with PSC and IBD, yearly screening colonoscopy is 
recommended, although this recommendation is based on expert 
opinion alone. Colorectal cancer surveillance intervals in non-IBD 
PSC are not clear, but a 5-year interval would seem reasonable if 
no other risk factors for colorectal cancer are present. 


Pruritus, Mineral Bone Disease, 
and Quality of Life 


The management of pruritus in PSC is similar to that of other 
chronic cholestatic disorders, with the exception that a dominant 
stricture should be ruled out in a patient with new onset of 
symptoms. The bile acid resin cholestyramine, dosed at 4 g two 
to three times daily 20 minutes before meals, is the most effective 
pharmacotherapy for pruritus. For refractory cases, alternative 
therapies include rifampin, naltrexone, selective serotonin reup- 
take inhibitors, and plasmapheresis. 

Chronic cholestatic disorders increase the risk of mineral bone 
depletion, particularly in PBC and PSC.'® Furthermore, at least 
one study has reported that the severity of osteodystrophy is 
unrelated to the severity of liver disease in PSC.'” Therefore it is 
necessary to screen patients at diagnosis and every 2 to 3 years for 
bone mineral deficiency. If osteopenia is detected, vitamin D 
(1000 IU/day) and calcium (1 to 1.5 g/day) repletion is indicated, 
whereas bisphosphonate therapy should be considered for 
osteoporosis." 

There are no scoring systems specifically developed to measure 
quality of life in PSC. One study comparing PSC with IBD 
compared with IBD alone did not show a significant difference 
in quality of life,'”’ although this has been disputed by more 
recent studies. Fatigue is the most prominent symptom for many 
patients with PSC, although some studies have questioned its 
specificity for this disease.'’* Pharmacologic treatment has thus far 
been unsuccessful at reducing fatigue in PSC.'” A recent study 
applying quality-of-life measurement tools developed in PBC 
(PBC-40 and PBC-27) to a PSC cohort noted fatigue and cogni- 
tive impairment in female patients.“ However, development of 
specific quality-of-life measurement tools is clearly needed, espe- 
cially with respect to patient-reported outcomes for drug develop- 
ment. Not surprisingly, patients with PSC experience a significant 
improvement in quality of life following liver transplant.'””'”° 


Transplant for Primary 
Sclerosing Cholangitis 


Liver transplant remains the only effective treatment option for 
patients with advanced PSC.'””"*° In patients with advanced PSC, 
indications for liver transplant fall into two broad categories: (1) 
complications of cirrhosis and portal hypertension (i.e., refractory 
ascites) as in patients with other forms of liver disease; and (2) 
PSC-specific complications related to biliary obstruction and/or 
cholangiocarcinoma. In the United States, approximately 5% of 
patients added to the liver transplant waiting list each year have 
PSC as the indication for transplant, and 5% of transplant recipi- 
ents have PSC.'*° 

Long-standing PSC has the potential to cause secondary biliary 
cirrhosis from chronic biliary inflammation and fibrosis. Patients 
with PSC who develop cirrhosis and portal hypertension are at 


tisk of the development of portal hypertensive complications that 
include ascites, hepatic encephalopathy, and variceal hemorrhage. 
Despite these risks, multicenter data and U.S. transplant registry 
data suggest that less than 60% of patients with PSC who are 
on the waiting list for liver transplant have pathologic and/or 
radiologic evidence of cirrhosis, with only a subset who have 
a history of a hepatic decompensation event related to portal 
hypertension.'”*'” 

Compared with patients with other forms of chronic liver 
disease, patients with PSC are unique in that transplant may be 
indicated because of noncirrhotic complications of liver disease: 
recurrent bacterial cholangitis, cholangiocarcinoma, and/or weight 
loss and failure to thrive.'’7'””'*'"** Since 2002, prioritization on 
the liver transplant waiting list has been based on the MELD 
score, which is calculated on the basis of a patient’s international 
normalized ratio, bilirubin level, and creatinine level. Because of 
the weighting of the components of the MELD score, patients 
with PSC, specifically those without decompensated cirrhosis, 
may not achieve a MELD score needed for them to be at the 
top of the transplant waiting list because their disease manifests 
itself predominantly by elevations in their serum bilirubin level. 
Despite this, since the implementation of the MELD score in 
2002, patients with PSC have had a significantly lower risk of 
waiting list mortality compared with patients with other forms 
of liver disease.'”* This is largely driven by the fact that more 
than 40% of patients with PSC who are on the waiting list do 
not have evidence of cirrhosis. Importantly, even among those 
with recurrent bacterial cholangitis, this complication did not 
confer an increased risk of waiting list mortality as multicenter 
data did not identify a single patient with PSC on the waiting list 
who died as a direct result of bacterial cholangitis. Addition- 
ally, in several regions of the United States, patients with PSC 
have frequently received increased waiting list prioritization after 
being granted MELD exception points because of recurrent PSC, 
whereas patients with PSC receive living donor liver transplants 
four times more commonly than patients with other forms of 
end-stage liver disease.'’””'*° These factors, in total, have allowed 
patients with PSC to have preferential access to a lifesaving liver 
transplant, thus minimizing the risk of their dying while on the 
waiting list, in spite of the potential disadvantages of the MELD 
score for patients with PSC. 

The interplay of PSC and cholangiocarcinoma in the setting 
of liver transplant is unique. Cholangiocarcinoma, either in the 
setting of PSC or occurring in isolation, was originally thought 
to be a contraindication to transplant because of poor posttrans- 
plant outcomes in patients with known cholangiocarcinoma who 
received a transplant and/or in those with incidentally discovered 
cholangiocarcinoma on explant pathology. However, since 1993, 
the Mayo Clinic in Rochester, Minnesota, has adopted a formal- 
ized protocol for liver transplant for patients with early-stage 
perihilar cholangiocarcinoma.'**'”” This protocol was intended 
for all transplant-eligible patients with unresectable perihilar chol- 
angiocarcinoma; however, because of the dramatically increased 
incidence of cholangiocarcinoma in patients with PSC, nearly two 
thirds of patients enrolled in the protocol have underlying PSC.'™ 
The underlying principle for this protocol is that resection of 
perihilar cholangiocarcinoma and/or liver transplant in the 
absence of neoadjuvant chemoradiotherapy are associated with 
poor outcomes, with 5-year survival rates of less than 30% due 
to recurrence of the primary tumor.'”° 

The eligibility criteria for the Mayo protocol for liver transplant 
for cholangiocarcinoma are shown in Table 43-10, but require 
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WAS Diagnostic and Eligibility Criteria for the Mayo 
seis Cholangiocarcinoma Transplant Protocol 


Evidence of extrahepatic disease 
or regional lymph node 
involvement 

Previous malignancy (excluding 
skin or cervical cancer) 5 yr 

antigen 19-9 level > 100 U/mL prior 


Positive or strongly suspicious 
intraluminal brush or biopsy, or 
radiographic malignant 
appearing stricture, and 1 of the 
following criteria: carbohydrate 


Prior abdominal radiotherapy 

Uncontrolled infection 

Previous attempt at surgical 
resection with violation of 
tumor plan 

Any medical condition precluding 
transplant 


in the absence of acute 
bacterial cholangitis; polysomy 
on fluorescence in situ 
hybridization; well-defined mass 
on cross-sectional imaging 


From Darwish Murad S, et al. Efficacy of neoadjuvant chemoradiation, followed by liver 
transplantation, for perihilar cholangiocarcinoma at 12 US centers. Gastroenterology 2012; 
143(1):88-98.e3; quiz e14, 2012. 


specific pathologic and/or laboratory and radiologic findings con- 
sistent with cholangiocarcinoma, in the setting of perihilar disease 
that is 3 cm or smaller and that is confined to the perihilar region 
without any nodal metastases. Importantly, patients who have had 
a percutaneous biopsy of the suspected lesion are excluded from 
the protocol because of the risk of tumor seeding of the biopsy 
tract.'**'” The pretransplant protocol involves a regimen of a 
fluorouracil-based chemotherapy and radiation therapy that has 
evolved over time from external-beam radiation therapy to brachy- 
therapy followed by orally administered capecitabine.'®’ After 
receiving this regimen, patients who remain transplant eligible 
undergo a staging laparotomy, at which time only those with a 
negative staging operation without distant metastases are eligible 
for transplant. Liver transplant in those successfully undergoing 
this protocol consists of deceased donor liver transplant, with 
prioritization based on the patient receiving standardized MELD 
exception points,’ or living donor liver transplant among those 
with an eligible living liver donor. "%5 

The early publications from the Mayo Clinic suggested excel- 
lent outcomes among patients who completed the pretransplant 
neoadjuvant chemoradiotherapy and underwent transplant. 
Among the first 199 patients enrolled in the protocol, 127 (64%) 
had underlying PSC. Of this entire cohort, 62 dropped out before 
liver transplant, and 131 underwent transplant at the Mayo Clinic 
(six underwent transplant elsewhere). Posttransplant recurrence- 
free survival was 68%, and was not significantly different in 
patients with underlying PSC versus those with de novo cholan- 
giocarcinoma.'* On the basis of the success of this protocol at 
the Mayo Clinic and the adoption of standardized exception 
points for patients with cholangiocarcinoma, other transplant 
centers adopted the protocol, with similar, albeit slightly worse 
posttransplant outcomes among the 11 other transplant centers 
following the Mayo protocol.'* 


Posttransplant Management of PSC 


PSC is one of several liver diseases that can recur after liver 
transplant. The estimated incidence of recurrent PSC after liver 


WAGE Diagnostic Criteria for Recurrent Primary 
SaLi Sclerosing Cholangitis Following Liver 
Transplant 


Confirmed pretransplant diagnosis 
of PSC 

Posttransplant cholangiography (MRCP 
or ERCP) with intrahepatic and/or 


Hepatic artery stenosis or 
thrombosis 

Chronic ductopenic rejection 

Isolated anastomotic 


extrahepatic biliary structuring, strictures 
beading, and/or irregularity for >90 Donor and recipient ABO 
days, or liver biopsy showing fibrous incompatibility 


Nonanastomotic strictures 
occurring before day 90 
after transplant 


cholangitis and/or fibro-obliterative 
lesions, with or without biliary fibrosis 
or cirrhosis, and/or ductopenia 


From Graziadei IW, et al. Recurrence of primary sclerosing cholangitis following liver trans- 
plantation. Hepatology 29(4):1050-1056, 1999. 

ERCP, Endoscopic retrograde cholangiopancreatography; MRCP magnetic resonance 
cholangiopancreatography. 


transplant ranges from 15% to 35%, in part related to how recur- 
rent PSC is defined.” The most accepted definition of recurrent 
PSC is defined by the Mayo Clinic diagnostic criteria, and is based 
on radiographic and/or histologic features in the absence of sec- 
ondary causes of diffuse nonanastomotic biliary strictures (Table 
43-11), and ultimately is a diagnosis of exclusion.'’”* Recurrent 
PSC following liver transplant is associated with a significantly 
increased risk of graft loss and mortality. °”? 

In clinical practice, transplant physicians frequently administer 
combination immunosuppression to transplant recipients with 
PSC, similar to the practice used for patients with other forms of 
autoimmune liver disease. Despite this, there are limited data to 
suggest that combination immunosuppression influences the risk 
of recurrent PSC.” Nevertheless, combination immunosuppres- 
sion is thought to decrease the risk of posttransplant acute cel- 
lular rejection. However, there are data suggesting that prolonged 
administration of corticosteroids as the second agent may be asso- 
ciated with an increased risk of posttransplant PSC recurrence, 
whereas use of muromonab-CD3 (Orthoclone OKT3) is associ- 
ated with a significantly increased risk of recurrent PSC.*”’ There 
are conflicting data as to whether cyclosporine A or tacrolimus is 
the optimal backbone of immunosuppression for PSC transplant 
recipients with regard to the risk of posttransplant rejection and/ 
or recurrent PSC.” By contrast, the choice of the immunosup- 
pressant regimen has a significant effect on IBD activity. A longi- 
tudinal multicenter study of 439 transplant recipients with PSC, 
of whom 353 had IBD at the time of transplant, demonstrated 
that combination therapy with tacrolimus and mycophenolate 
mofetil was associated with a significantly increased risk of wors- 
ening of IBD after transplant, whereas combination cyclosporine 
A and azathioprine therapy was protective against IBD flares fol- 
lowing liver transplant.*” 

Management of IBD after liver transplant in patients with PSC 
plays two key roles: management of IBD symptoms and colorec- 
tal cancer surveillance. Reports on the clinical severity of IBD 
after liver transplant are limited to single-center reports or mul- 
ticenter case series. However, there is a fair degree of consistency 
in the data from the largest series. Despite the universal use of 


immunosuppression in patients with PSC receiving a liver trans- 
plant, approximately one third of patients will paradoxically have 
IBD symptoms after liver transplant.””**”° In nearly 80% to 90% 
of these cases, posttransplant symptoms of IBD represent flares 
from IBD diagnosed before transplant, but in a minority, they are 
represented by de novo IBD.” In the largest multicenter study 
evaluating IBD activity after liver transplant, relapses and overall 
clinical IBD activity was increased after liver transplant. Further- 
more, macroscopic colonic inflammation was more frequent after 
liver transplant, with the degree of inflammation being classified 
as more severe after transplant versus before transplant in 40% 
of patients.””’ In this series, dual treatment with tacrolimus and 
mycophenolate mofetil was associated with significantly increased 
IBD activity, whereas combination treatment with cyclosporine 
A and azathioprine was associated with decreased activity.” The 
management of IBD flares after transplant is similar to that used 
in nontransplant patients, and can include use of immunomodu- 
lators and/or biologic therapy. However, caution must be used 
when one is considering the infectious risks of adding biologic 
therapy to standard posttransplant immunosuppression. 

The risk of colorectal cancer in patients with PSC and IBD 
persists after liver transplant, without clear-cut data that the risk 
is increased above the baseline risk in these patients.” Nev- 
ertheless, the risk of colorectal cancer in patients with PSC and 
IBD remains markedly increased when compared with that in 
patients with IBD alone, with the risk of cancer or dysplasia 
estimated to be 5% to 15% at 5 years, and up to 20% at 8 years.””” 
Because of the persistent risk of colorectal cancer in patients with 
PSC and IBD, it is recommended to continue surveillance for 
colorectal cancer every 1 to 2 years for patients with PSC and IBD 
who receive a transplant.” 
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Conclusion 


PSC was once called the “black box” of liver diseases because of 
the gross lack of understanding of its pathophysiology and the 
absence of an effective therapy. Unfortunately, despite several 
important discoveries related to many aspects of PSC during the 
last decade, critically important questions remain unanswered. 
Studies of the genetic susceptibility have pointed to the role of 
specific inflammatory pathways in the molecular pathogenesis of 
PSC but have yet to be followed by functional studies. In addi- 
tion, these studies have further demonstrated the heterogeneity 
within PSC at the genetic level, and although this may lead to 
precise classification of different subtypes of PSC, it could raise 
additional barriers to drug development if only a fraction of PSC 
patients are likely to respond to a specific class of therapeutics. 
However, there is hope on the clinical side to suggest that progress 
can be made in the coming decade. First, the development of 
biomarkers and other noninvasive modalities to predict clinical 
outcomes may allow the rapid screening of novel therapies. 
Second, improved clinical study designs incorporating composite 
end points may allow more robust and rapid analysis of the impact 
of new drugs. Still needed are sensitive and specific markers for 
the early detection and diagnosis of cholangiocarcinoma to allow 
curative surgery or liver transplant. In the meantime, clinicians 
would do well to dwell not on the ack of proven effective treat- 
ment but on the eed to diligently monitor, screen, and support 
patients with PSC. 
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Budd-Chiari Syndrome and Sinusoidal 
Obstruction Syndrome 


LAURIE D. DELEVE AND SUSANA SEIJO 


ABBREVIATIONS 


AFP a-fetoprotein 

BCS Budd-Chiari syndrome 

BM bone marrow 

DIPS direct intrahepatic portosystemic shunt 
ET essential thrombocythemia 

HCC hepatocellular carcinoma 

HCT hematopoietic cell transplantation 

HV hepatic vein 

IMF idiopathic myelofibrosis 

IVC inferior vena cava 

JAK Janus kinase 

LSECs liver sinusoidal endothelial cells 

LT liver transplantation 

MPN myeloproliferative neoplasm 

NRH nodular regenerative hyperplasia 

PV polycythemia vera 

PVT portal vein thrombosis 

SOS sinusoidal obstruction syndrome 

TIPS transjugular intrahepatic portosystemic shunt 
VOD veno-occlusive disease 

VODI hepatic veno-occlusive disease with immunodeficiency 


Introduction 


This chapter provides an overview of two vascular diseases of the 
liver: Budd-Chiari syndrome (BCS) and sinusoidal obstruction 
syndrome (SOS). As they are rare diseases, their diagnosis and 
management may be a challenge. 

BCS is defined as the obstruction of hepatic venous outflow. 
It is mainly caused by prothrombotic diseases and frequently leads 
to portal hypertension—related complications. In the majority of 
cases, it is possible to identify a prothrombotic risk factor as the 
underlying cause of thrombosis. The clinical presentation of BCS 
is highly variable and can range from asymptomatic to fulminant 
hepatic failure. Anticoagulation is mandatory in all patients with 
BCS. Additional treatment (such as angioplasty, thrombolysis, 
transjugular intrahepatic portosystemic shunt [TIPS], direct 
intrahepatic portosystemic shunt [DIPS], surgical shunt or liver 
transplantation) may be required and depends on the severity of 
symptoms and response to treatment. 


SOS, previously known as hepatic veno-occlusive disease, is the 
consequence of specific toxins and chemotherapy regimens. Its 
clinical presentation ranges from asymptomatic disease to severe 
liver injury with multi-organ failure. Although it is now a rare 
disease, severe SOS has a high mortality rate. 


Budd-Chiari Syndrome 


Budd-Chiari syndrome (BCS) is a rare and life-threatening disease 
caused by hepatic venous outflow tract obstruction and the term 
applies to obstruction regardless of the level or mechanism of 
obstruction.'* The obstruction can be located anywhere from the 
small hepatic venules up to the entrance of the inferior vena cava 
(IVC) into the right atrium. The term hepatic venous outflow tract 
obstruction (HVOTO) has been used as an alternate to BCS.! 
Hepatic outflow obstruction related to cardiac disease, pericardial 
disease, or SOS are excluded by definition.’ 

BCS can be classified as primary, when the blockage is intrinsic 
to the vein (i.e., thrombosis or phlebitis), or as secondary, when 
the obstruction or compression originates external to the vein 
(i.e., compression or invasion by a tumor or a benign mass, such 
as an abscess or cyst). This classification implies differences in 
etiology, management, and prognosis. This chapter focuses pre- 
dominantly on primary BCS. 

There are limited data available regarding the epidemiology of 
BCS and it varies according to geographic distribution. Wealthy 
countries have a lower incidence rate (0.13-0.8 cases per million) 
compared with countries such as Nepal (2.5 per million inhabit- 
ants). There are also geographical differences in type and topog- 
raphy of outflow obstruction. In Western countries, a pure hepatic 
vein (HV) obstruction is more common, whereas in non-Western 
countries IVC obstruction is more common. In Western coun- 
tries, BCS is frequently caused by thrombosis, whereas in Asia and 
South Africa it is often related to membranous obstruction. Our 
current understanding is that this membrane is a consequence of 
thrombus organization rather than a congenital anomaly.*” 


Etiology 
The risk factors for BCS are listed in Table 44-1. In up to 90% of 


patients, at least one prothrombotic risk factor is identified,° and 
in up to 46% of patients multiple concurrent risk factors exist.°* 
Myeloproliferative neoplasms (MPNs) are the leading causal 
factor.” '' Polycythemia vera (PV) is the MPN most frequently 
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WA: Prevalence of Thrombotic Risk Factors 
Gaai for Budd-Chiari Syndrome* 
Primary Budd-Chiari Syndrome 
Acquired Prothrombotic Diseases 
Myeloproliferative neoplasms (28-49%) 
Antiphospholipid syndrome (5-25%) 
Paroxysmal nocturnal hemoglobinuria (0-9%) 


Hyperhomocysteinemia (37%) 
Behçet disease (0-33%) 


Inherited Prothrombotic Diseases 


Factor V Leiden mutation (7-32%) 
Protein C deficiency (4-30%) 

Protein S deficiency (3-20%) 
Antithrombin deficiency (3-23%) 
Prothrombin G20210A mutation (3-12%) 
C677T MTHFR gene mutations (12-22%) 


Other Factors 


Oral contraceptives (6-60%) 
Pregnancy, puerperium (6-12%) 
Hypereosinophilic syndrome 
Inflammatory bowel disease 


Secondary Budd-Chiari Syndrome 


Neoplasias: hepatocellular carcinoma, adrenal carcinoma, primary 
hepatic hemangiosarcoma, epithelioid hemangioendothelioma, 
sarcoma of the IVC, right atrial myxoma, metastases 

Infectious diseases: hydatid cysts, amebic or pyogenic abscess, 
aspergillosis 

Sarcoidosis 

Trauma 

Abdominal surgery 


IVC, Inferior vena cava; MTHFR, methylene-tetrahydrofolate reductase. 
*Prevalence of thrombotic risk factors in studies of adult patients without cirrhosis or 
hepatocellular cancer.2°°'4'4! 


associated with BCS, whereas essential thrombocythemia (ET) 
and idiopathic myelofibrosis (IMF) are less common. Other 
acquired and inherited risk factors are detailed in Table 44-1.°° 
Antiphospholipid antibodies may be primary or related to 
one of the various connective tissue diseases. Behçet disease is 
more strongly associated with obstruction of the IVC than with 
HV thrombosis. Hyperhomocysteinemia and methylene- 
tetrahydrofolate reductase (MTHFR) gene mutations are weak 
risk factors for splanchnic thrombosis.“ Oral contraceptives, preg- 
nancy, and the weeks following childbirth are associated with an 
increased risk for BCS, most commonly along with a concurrent 
risk factor. It should be noted that the prevalence of many of 
these risk factors differs between West and East. Indeed, MPN, 
Janus kinase 2 (JAK2) V617F mutation, Factor V Leiden and pro- 
thrombin gene mutations, and paroxysmal nocturnal hemoglo- 
binuria are uncommon in the Chinese population with BCS.'*'® 

The main causes of secondary BCS include cancers, infections, 
and, less frequently, posttraumatic intrahepatic hematoma, granu- 
lomata due to sarcoidosis, and aspergillosis invading the hepatic 


veins” (see Table 44-1). 


Clinical Manifestations 


There is a wide spectrum of disease presentation, ranging from 
absence of symptoms to fulminant liver failure.*'**° The type and 


severity of symptoms will depend on the extent of the thrombosis, 
the time-course over which the obstruction develops, and the 
duration of untreated disease. BCS may present as acute, acute- 
on-chronic, subacute, or chronic, although the latter two are more 
common. The most common presenting signs and symptoms are 
abdominal pain, hepatomegaly, and ascites, followed by lower 
extremity edema, gastrointestinal bleeding, and hepatic encepha- 
lopathy.* Patients with an acute presentation are more likely to 
present with fulminant hepatic failure with encephalopathy, coag- 
ulopathy, and renal impairment. Conversely, slower and more 
progressive obstruction allows the formation of collaterals, allevi- 
ating sinusoidal congestion. Thus with extensive formation of 
collaterals or involvement of a single hepatic vein, symptoms may 
be mild, liver function may be well preserved, and there may be 
no ascites. BCS may be asymptomatic in up to 20% of cases and 
is often associated with the presence of hepatic venous collater- 
als.” In this setting, a history of vague complaints and onset of 
ascites within the last 6 months is common. In IVC obstruction, 
patients may develop a subcutaneous collateral circulation across 
the abdomen, chest, and back. Although this finding is uncom- 
mon, it is very specific for IVC block. 

Up to 80% of BCS patients have benign regenerative 
nodules.**”? These are generally multiple, small, hypervascular- 
ized, and disseminated throughout the liver, and they may increase 
in number and in size over time. The current thinking is that the 
regenerative nodules are the result of heterogeneous perfusion. 
BCS patients are also at risk for developing hepatocellular carci- 
noma (HCC)”™*” and accurately differentiating between benign 
nodules and HCC is critical. Guidelines for noninvasive diagnosis 
of HCC in cirrhosis are not applicable to BCS patients. A French 
study showed that an ofetoprotein (AFP) level greater than 
15 ng/mL had a positive predictive value of 100% and a negative 
predictive value of 90% for the diagnosis of HCC in BCS 
patients.” The same study suggested that biopsy should be con- 
sidered in patients with three nodules or less, nodules with a 
diameter of 3 cm or more, heterogeneity or washout on the 
venous phase, changes in two consecutive imaging studies, or 
increase in AFP levels,” but these criteria need to be validated in 
larger cohort studies. Diagnostic biopsies in this population are 
complicated by the need to carefully manage anticoagulation. 

Portal vein thrombosis (PVT) occurs in approximately 15% of 
BCS patients.*'®”*”°°* These patients have a higher prevalence of 
multiple risks factors and their prognosis is worse.” Therapeutic 
options are limited and prognosis tends to be worse in BCS-PVT 
patients with splenic and/or superior mesenteric vein thrombosis 
compared with those without. 


Diagnosis of BCS 


In almost all cases, the diagnosis of BCS can be established with 
noninvasive radiologic techniques such as Doppler-ultrasound, 
CT, or MR-angiography. MRI and CT are recommended for 
diagnostic confirmation if an experienced sonographer is not 
available (Fig. 44-1).’ Imaging demonstrates obstruction of or 
absence of flow in the major hepatic veins or IVC and presence 
of intrahepatic, capsular, or systemic collaterals (Figs. 44-2 and 
44-3). The hepatic parenchyma may have patchy enhancement 
due to uneven portal perfusion, the liver surface may be nodular, 
and the caudate lobe may be hypertrophic. The caudate lobe 
drains through the right inferior HV into the IVC and this venous 
drainage thromboses less frequently. Therefore its flow may 
become an important route of blood flow when there is occlusion 
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Diagnostic imaging steps: Therapeutic steps: 


Doppler ultrasound Anticoagulation/medical therapy 


Angioplasty/stent/ 
thrombolysis 


CT/MRI imaging | 


Venography/ 


J l TIPS/DIPS 
transvenous biopsy 


Liver transplant 


e Fig. 44-1 Sequential steps in diagnostic imaging and therapy of 
Budd-Chiari syndrome. CT, Computed tomography; DIPS, direct intra- 
hepatic portosystemic shunt; MRI, magnetic resonance imaging; TIPS, 
transjugular intrahepatic portosystemic shunt. 


e Fig. 44-2 Axial CT section showing the presence of low-density 
material within the three hepatic veins that corresponds to a total 
thrombosis. Notice the lack of endoluminal enhancement of the hepatic 
veins. There is also impairment of parenchymal perfusion. The absence 
of collateral circulation and presence of ascites are also noteworthy. All 
these findings suggest an acute-subacute BCS. CT, Computed tomogra- 
phy. (Courtesy of Dr. Garcia-Criado, Hospital Clinic, Barcelona, Spain.) 


of two or all three main HVs. This increased flow leads to caudate 
lobe hypertrophy. Diagnosis of BCS is excluded if hepatic veins 
are normal with phasic flow. 

Due to improvement in radiologic techniques, the necessity 
for invasive diagnostic methods (e.g., venography and liver biopsy) 
is limited to a small number of patients, and only recommended 
if the diagnosis remains uncertain. Guidelines suggest that biopsy 
should be considered when imaging has failed to demonstrate 
obstruction of the large HVs and IVC and the diagnosis of BCS 
remains suspect, because it is the only method that establishes a 
diagnosis of BCS of the small intrahepatic veins.” 

Liver biopsy findings in acute BCS include centrilobular and 
sometimes midlobular sinusoidal congestion, acute hemorrhage, 
and hepatocyte ischemia or drop out. Chronic outflow obstruc- 
tion leads to hepatocyte dropout, bridging fibrosis between central 


e Fig. 44-3 Venography demonstrating the presence of an intrahepatic 
IVC thrombosis in a 27-year-old woman taking oral contraceptives. /VC, 
Inferior vena cava. (Courtesy of Dr. Michael Katz, USC Division of Vascular 
and Interventional Radiology.) 


veins with sparing of the portal tracts, nodular regenerative hyper- 
plasia, and ultimately cirrhosis.” 


Diagnosis of Underlying Cause of Thrombosis 


BCS may be a manifestation of a blood disease. Therefore a thor- 
ough work-up should aim to identify the predisposing hemato- 
logical factor(s). Because several factors coexist in approximately 
half of all cases, it is wise to perform a complete etiologic study 
even after a prothrombotic or local factor has been identified.*” 
Diagnosis of MPN may be challenging in these patients as the 
typical peripheral blood changes may be masked by plasma 
volume expansion, hypersplenism, and iron deficiency anemia 
related to portal hypertension.'***'° Genetic testing for the JAK2 
V617F mutation has facilitated MPN diagnosis." Greater 
than 90% of patients with PV and approximately 50% of patients 
with ET and IMF carry the JAK2 V617F mutation. Hence, 
JAK2 V617F mutation should be tested in all patients with 
BCS because it increases the probability of diagnosing underly- 
ing MPN.” However, the presence of this mutation does not 
define the phenotype of MPN and consequently it is often 
necessary to perform additional hematologic studies, including 
bone marrow biopsy/aspiration. Recently, somatic calreticulin 
mutations have been described in up to 67% and 88% of the 
JAK2 V617F—negative ET and IME respectively.*””® It is present 
in up to 1.9% of patients with splanchnic venous thrombosis, 
representing up to a 5.4% of the MPN in this setting.” In 
those patients in whom JAK2 V617F mutation is undetectable, 
further tests (i.e., calreticulin mutation) may detect additional 
cases of MPN.! 

The diagnosis of protein C, protein S or antithrombin deficien- 
cies may be complicated, because their synthesis decreases even 
prior to loss of hepatic synthetic function. Studies of family 
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members may be helpful to diagnose these disorders in BCS 
patients. 


Management 


According to recent guidelines,’ the sequential steps for manage- 

ment are: 

1. anticoagulation, treatment of underlying prothrombotic 
diseases, and management of portal hypertension related 
complications 

2. treatment of short-length venous stenoses amenable to angio- 
plasty and/or stenting 

3. TIPS or DIPS, if angioplasty or stenting is not possible or 
unsuccessful 

4. liver transplantation if TIPS/DIPS is unsuccessful or the 
patient does not improve despite it (see Fig. 44-1). 

The current drawback of BCS management is the lack of well- 
defined criteria for “treatment failure” to step-up in treatment. 
Previously reported criteria for treatment failure were the occur- 
rence of any of the following that cannot be explained by other 
cause after at least 2 weeks of adequate medical treatment: patients 
with ascites requiring paracentesis, development of spontaneous 
bacterial peritonitis, progressive renal failure, an episode of vari- 
ceal bleeding or of hepatic encephalopathy and/or further deterio- 
ration in liver function and/or persistent transaminases greater 
than 300 IU/mL. However, these criteria are empiric and have 
not been validated. 


Anticoagulation 


All patients with BCS, even those without an underlying pro- 
thrombotic condition and those who are asymptomatic, should 
receive long-term anticoagulation, unless there is a major contra- 
indication or complication of anticoagulation.’ The goal of anti- 
coagulation is to reduce the risk for clot extension and of new 
thrombotic episodes. Indefinite anticoagulation may improve sur- 
vival for patients with a good prognosis, but may not change 
outcome for individuals with an intermediate or poor prognosis. ® 
Most anticoagulation-related bleeding complications occur due to 
portal hypertension or to invasive procedures.*”“' Bleeding-related 
death in patients with BCS on anticoagulation is anecdotal.**! 
Interestingly, the most recent studies reported fewer bleeding 
complications, probably due to more adequate prevention of com- 
plications of portal hypertension and more careful management 
of anticoagulation during invasive procedures.“°"' 


Management of Causes Leading 
to Thrombosis 


An accurate diagnosis of the underlying prothombotic disorders 
and close collaboration with a Hematologist and other specialists 
is critical, as some of the predisposing diseases require specific 
treatment (i.e., Behçet disease, antiphospholipid syndrome, or 
MPN). Oral contraceptives are contraindicated. Pregnancy is 
not contraindicated in patients with stable and well-controlled 
BCS, as maternal and fetal outcomes beyond gestation week 
20 are good.“ 


Management of Portal Hypertension 


Because there are no specific studies or guidelines for the manage- 
ment of portal hypertension in BCS patients, complications of 


portal hypertension may be treated as per current guidelines for 
cirrhosis. ^ 


Thrombolysis 


There are scarce data to determine the benefit of thrombolysis and 
these data are mainly derived from small retrospective series. It 
has been suggested that the best results after recent and incom- 
plete thrombosis may be obtained with local infusion of throm- 
bolytic therapy, rather than systemic treatment, combined with 
another interventional procedure (e.g., angioplasty, stenting). 
Complications can be fatal; hence, thrombolysis should only be 
attempted in select cases with acute or subacute BCS, and in 
experienced centers. 


Angioplasty and Stenting 


Lesions of the hepatic venous outflow tract amenable to percuta- 
neous angioplasty and/or stenting should be actively investigated. 
Angioplasty with or without stenting should be considered in 
patients with short-length stenosis. These stenoses are present in 
60% of patients with IVC obstruction, and 25% to 30% of those 
with HV obstruction. Applicability of angioplasty/stenting 
appears to be higher in China‘? compared with Western patients 
(rarely reaching 20% in most cohorts)."' These differences may be 
explained by the lower prevalence of short-length stenosis in 
Western than in Eastern countries.“ Patency may be better 
maintained in patients who remain on anticoagulants for at least 
6 months.“ Recurrent obstruction is more common after primary 
angioplasty than after primary stenting for both HV and IVC 
obstruction. Reobstruction may be less common after IVC stent- 
ing than after hepatic vein stenting.“° 


Portosystemic Shunting 


Options for decompression of obstruction in the hepatic vein 
include surgical shunt, TIPS, and DIPS. The goal of these tech- 
niques is to create hepatofugal flow through the portal vein. 
Current guidelines recommend considering TIPS in patients 
without ongoing improvement on anticoagulation therapy (Fig. 
44-4). In the last decades, the use of TIPS has increased and 
greatly surpassed surgical shunts as it has a good outcome with 
lower morbidity and mortality than surgery. Moreover, in contrast 
to surgical shunts, TIPS is feasible in most patients with IVC 
obstruction and in those with severe IVC stenosis. Covered stents 
have a lower rate of dysfunction than bare stents.“ Incidence of 
encephalopathy in patients with BCS is lower than in cirrhotic 
patients.“ Early stent thrombosis is not uncommon, even during 
the expansion of the prosthesis, so heparin infusion should be 
initiated immediately after the puncture of the portal vein.” It 
has been suggested that previous TIPS placement can jeopardize 
liver transplantation, but recent studies have shown that this is 
not the case.*'”* Overall survival (greater than 88% and 72% at 
1 and 5 years, respectively) and LT-free survival (greater than 85% 
and 72% at 1 and 5 years, respectively) are excellent in patients 
treated with TIPS.“ TIPS is now the technique of choice in 
patients with BCS as a rescue therapy for medical treatment fail- 
ures. However, TIPS placement requires specialized training 
because it can be technically more complex than in patients with 
cirrhosis. Indeed, in more than 45% of cases, when there is com- 
plete thrombosis of the hepatic veins, instead of TIPS it may be 
necessary to do DIPS, a transcaval approach with direct puncture 
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e Fig. 44-4 Hepatic venography. Imaging on the right: hepatic venogra- 
phy reveals very small hepatic veins and a spider-web pattern suggestive 
of BCS. The patient was treated with a 10-mm-diameter TIPS (image on 
the right). The hepatic venography after TIPS shows flow from the portal 
vein up to the suprahepatic IVC through the TIPS. BCS, Budd-Chiari 
syndrome; IVC, Inferior vena cava; TIPS, transjugular intrahepatic porto- 
systemic shunt. (Courtesy of Dr. Michael Katz, USC Division of Vascular 
and Interventional Radiology.) 


from the intrahepatic IVC." It is therefore highly recommended 
to refer such patients to centers with expertise in using TIPS in 
BCS patients. 

As noted earlier, TIPS has largely obviated the need for surgical 
shunts. Surgical shunts may not offer an improvement in survival 
unless patency of the shunt is maintained.” Mesocaval shunt is 
most commonly utilized as it may facilitate surgery at the time 
of liver transplantation. However, mesocaval shunt may have a 
higher thrombosis rate when performed with a synthetic graft. 
Side-to-side portacaval shunts have the highest patency rate, but 
may make future liver transplantation more difficult. If there is 
significant compression of the IVC by caudate lobe hypertrophy 
or substantial obstruction of the IVC by thrombosis or a web, 
infrahepatic IVC pressure may be higher than in the portal vein, 
and there is therefore a risk for shunt dysfunction unless stenosis/ 
compression of the IVC is simultaneously corrected (i.e., stent 
placement). Without correction of IVC stenosis or compression, 
mesocaval or portacaval shunts may not be effective and a meso- 
atrial shunt is preferred, but is associated with higher morbidity.” 


Liver Transplantation 


LT is recommended in those patients in whom TIPS/DIPS is 
technically not feasible or does not improve the patient’s condi- 
tion, or in those with fulminant liver failure. LT may be techni- 
cally difficult as these patients may have retroperitoneal fibrosis, 
hepatomegaly, caudate lobe hypertrophy, IVC occlusion or com- 
pression, stent migration, etc. Case series show good post-LT 
survival rates: 1-year and 5-year survival rates over 75% and 65%, 
respectively. >” Disease recurrence after LT is variable and ranges 
from 0% to 11% in different series.” Other postoperative 
thrombotic complications are common.” One study showed that 
the presence of JAK2V617F mutation is associated with the devel- 
opment of thrombotic complications after LT, although it has no 
impact on survival.“ The improved survival is probably due to 
earlier treatment after onset of symptoms and the recognition of 
the need for life-long anticoagulation in most patients. 


TABLE 
Diseases and Drugs Associated With SOS 


Chemotherapy 


Actinomycin D 
Carmustine (BCNU) 
Cyclophosphamide 
Cytosine arabinoside 
Dacarbazine 
Gemtuzumab-ozogamicin 
Lomustine (CCNU) 
lrinotecan 

Mitomycin 

Oxaliplatin and derivatives 
Urethane 


Conditioning Regimens for Hematopoietic 
Cell Transplantation (HCT) 


BCNU + Cyclophosphamide + VP16 or etoposide 
Busulfan + Melphalan + Thiotepa 

Busulfan + Cyclophosphamide 

Cyclophosphamide + total body irradiation 

Busulfan + Cyclophosphamide + total body irradiation 


Immunosuppressant Drugs 


Azathioprine 
6-mercaptopurine 
6-thioguanine 
Tacrolimus 


Others 
Pyrrozolidine alkaloids 


Sinusoidal Obstruction Syndrome 
(Hepatic Veno-Occlusive Disease) 


SOS is characterized by the nonthrombotic obstruction of 
the sinusoids. Although it is now a rare liver disease, it causes 
considerable morbidity and mortality. This entity was previously 
known as hepatic veno-occlusive disease (VOD), because the most 
obvious histologic feature visible by light microscopy was occlu- 
sion of the central veins.® Clinicopathologic studies have demon- 
strated that the central veins are not occluded in up to 45% of 
patients with mild or moderate SOS® and experimental studies 
have shown that the disease process originates in the sinusoids. 
Based on these findings, this disorder was renamed sinusoidal 
obstruction syndrome.” 


Risk Factors and Epidemiology 


SOS occurs mainly after exposure to chemo-irradiation regimens, 
certain immunosuppressant and chemotherapy drugs, or after 
ingestion of pyrrolizidine alkaloids (Table 44-2). SOS was firstly 
described in patients after the ingestion of herbal teas (“bush tea 
disease”) or foodstuffs contaminated with pyrrolizidine alkaloids, 
especially in protein-malnourished individuals. Ingestion of pyr- 
rolizidine alkaloids is still the major cause of SOS in many parts 
of the world. However, in Western countries, myeloablative con- 
ditioning (either high-dose chemotherapy or chemotherapy plus 
irradiation) prior to hematopoietic cell transplantation (HCT) 
has caused the highest incidence of SOS. SOS is also seen after 
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treatment with other chemotherapeutic drugs not necessarily 

related to HCT (i.e., gemtuzumab ozogamicin, actinomycin D, 

dacarbazine, cytosine arabinoside, urethane, oxaliplatin).°””””* 

The incidence of SOS in HCT varies greatly, ranging from 0% 
to 60%. These differences depend on patients’ characteristics, risk 
factors, and type of chemotherapy regimens used. In recent years 
the incidence of SOS has declined to 0% to 14%.””*' This decrease 
is associated with changes in doses and type of conditioning regi- 
mens (e.g., more common use of reduced-intensity regimens), 
better management of risk factors, and prophylactic measures.” 

Risk factors for development of SOS in HCT include: 

1. transplant-related factors (increased risk: allogeneic transplanta- 
tion, myeloablative conditioning regimens, cyclophosphamide- 
based conditioning regimens, use of oral rather than intravenous 
busulfan, nonremission status at transplantation, multiple 
HCT) 

2. patient-related factors (increased risk: older age, female gender, 
high Karnofsky score, beta-thalassemia) 

3. underlying liver disease (increased risk: abnormal transaminases 
or bilirubin, active viral hepatitis, nonalcoholic or alcoholic 
liver disease, underlying fibrosis or cirrhosis, myelofibrosis with 
extramedullary erythropoiesis, use of hepatotoxic drugs).*”*? 
Some of the patient-related factors (e.g., older age, female 

gender) may be secondary to variation in drug disposition given 
the narrow therapeutic window for some of the drugs used in the 
conditioning regimens (e.g., cyclophosphamide, melphalan, thio- 
tepa). HLA mismatched donors are often listed as a risk factor, 
but this is hard to reconcile with the onset of early signs and 
symptoms of SOS prior to administration of the cell transplanta- 
tion itself. 

SOS may also occur after long-term immunosuppression with 
azathioprine or treatment with 6-thioguanine.**’ Actinomycin D 
to treat Wilms tumor carries a significant risk for SOS and this 
risk is greater in right-sided Wilms tumor or when actinomycin 
D is combined with abdominal irradiation.”””' 

SOS occurs in patients with colorectal liver metastases that 
receive neoadjuvant oxaliplatin-based chemotherapy to enable 
resection of liver metastases.’ The reported prevalence of SOS 
in this setting is highly variable (from 25% up to 76%).”””?”* 
‘These vast differences may be explained by different study design, 
differences in the number of cycles of chemotherapy used, and 
differences in SOS grade included (some studies only included 
moderate to severe grades of SOS, whereas others also report the 
prevalence of mild SOS). In this setting, abnormal gamma-GT, 
age, female gender, indocyanine green retention at 15 minutes 
(a measure of liver blood flow), the number of cycles of chemo- 
therapy, and a short interval between the end of chemotherapy 
and hepatic resection were described as risk factors for devel- 
oping SOS. 

There is an autosomal recessive condition associated with 
immunodeficiency that presents clinically and histologically like 
SOS. The disorder is termed hepatic veno-occlusive disease with 
immunodeficiency (VODI).”””® These patients have hypogamma- 
globulinemia and multiple infections, and present in infancy. 
Treatment consists of intravenous immunoglobulin and prophy- 
laxis for pneumocystis jirovecii. Mortality is 85% in untreated 
patients. Mutations of the gene encoding promyelocytic leukemia 
protein nuclear body protein Sp110 have been described in 
patients that fit the criteria for VODI.” SP110 is an immuno- 
regulatory gene expressed in T and B lymphocytes in the liver, 
spleen and lymph nodes. To the best of these authors’ knowledge, 
there are no ultrastructural studies of VODI available to 


determine whether the pathogenesis of VODI and SOS are likely 
to be similar. 

There are other forms of liver injury that lead to the develop- 
ment of veno-occlusive lesions of the hepatic venules. These 
include phlebosclerosis in alcoholic liver disease,” cellular rejec- 
tion after liver transplantation,” and radiation-induced liver 
disease. The mechanisms of injury and the clinical presentation 
differ from SOS, so that these veno-occlusive disorders are best 


distinguished from SOS. 


Pathogenesis 


SOS is initiated by injury to liver sinusoidal endothelial cells 
(LSECs) and the lack of repair of the LSEC injury by the bone 
marrow progenitors of LSECs (BM sprocs). Both in vitro and in 
vivo studies demonstrate that LSECs are the initial target of injury 
by drugs that cause SOS.'°'' LSECs round up and gaps form 
within and between the LSECs.'® This permits blood to enter 
into the space of Disse and dissect off LSECs and hepatic stellate 
cells, which then embolize the sinusoid in conjunction with 
recruited monocytes and obstruct the sinusoid.'” A more detailed 
description of the mechanisms leading to LSEC injury in SOS 
has been published elsewhere.'°° Interventions that preserve the 
integrity of the LSEC lining completely prevent development of 
SOS,'*”'® confirming the sinusoidal origin of the disease. 

The experimental studies that demonstrate LSECs as the initial 
target are consistent with the clinical observation that drugs that 
cause SOS can also cause other diseases that can be due to damage 
to LSECs and/or hepatic venular endothelial cells.” These lesions 
include SOS, nodular regenerative hyperplasia (NRH), sinusoidal 
dilatation, and peliosis hepatis. In some case reports, a single drug 
has been implicated in the development of all four lesions in the 
same liver. Drugs implicated in more than one of these lesions 
include azathioprine (all four lesions), oxaliplatin (all four lesions), 
6-thioguanine (peliosis hepatis, NRH, SOS), and urethane (pelio- 
sis hepatis, SOS) 228288819 2022 

As noted earlier, lack of repair of LSECs by the bone marrow 
progenitors of LSECs (BM sprocs) is the other essential com- 
ponent leading to SOS. Other forms of liver injury that require 
repair of LSECs lead to increased proliferation of sprocs in the 
bone marrow and increased numbers of BM sprocs in the bone 
marrow and in the circulation. ”!!” In contrast, in the pyrroli- 
zidine alkaloid-induced (monocrotaline) model of SOS, there is a 
marked decrease in the number of BM sprocs in the bone marrow 
and the circulation, indicating pyrrolizidine alkaloid-induced tox- 
icity to these repair cells.” Furthermore, in the experimental 
pytrolizidine alkaloid model bone marrow suppression by irra- 
diation elicits severe SOS after a dose of the alkaloid that would 
otherwise by subtoxic. Conversely, infusion of either bone marrow 
or BM sprocs after a toxic dose of the pyrrolizidine alkaloid 
eliminates almost all evidence of injury.'” Taken together, these 
findings indicate the critical contribution of impaired repair by 
BM sprocs in SOS. Recruitment and engraftment of BM sprocs 
has two functions. BM sprocs replace injured LSECs. In addition, 
recruitment of BM sprocs is necessary for normal liver regenera- 
tion.'~* Thus lack of BM sproc repair extends the period of LSEC 
injury and prolongs liver dysfunction. Suppression of BM sprocs 
explains why this rare disease occurs in the settings of chemo- 
irradiation—induced bone marrow suppression and after ingestion 
of pyrrolizidine alkaloids, but does not occur in settings that only 
injure LSECs, such as acetaminophen poisoning or dimethylni- 
trosamine toxicity. >16 
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LSECs act as gatekeepers that prevent the activation of hepatic 
stellate cells, which leads to fibrosis.” Thus the sinusoidal 
fibrosis that is seen in SOS is probably due to prolonged denuda- 
tion of the LSEC border. 

The occlusive hepatic venular lesions that lead to the original 
name, hepatic veno-occlusive disease, have multiple appearances.” 
In one form of veno-occlusive lesion, there is disruption of the 
integrity of the endothelial lining and the veins are obstructed by 
subendothelial edema with accumulation of serum proteins, such 
as fibrinogen, and factor VIII,'*° released by damaged endothelial 
cells. In another characteristic veno-occlusive lesion, the lumen 
may be partially or completely obliterated by fibrosis. The mecha- 
nism leading to fibrotic occlusion of the hepatic venules has not 
been elucidated. 

An intriguing, but as yet unconfirmed, hypothesis is that as 
toxicity extends to more distant endothelial cells, there are addi- 
tional complications and more severe disease.'*' Thus the fre- 
quency of hepatic venular occlusion is higher in severe SOS than 
in mild or moderate SOS” and the cause of death in severe SOS 
is usually multi-organ failure.°°°*'”'” 


Clinical Presentation 


The clinical manifestations and time-course of SOS vary widely 
depending on etiology. The course of the disease is much longer 
in SOS due to chronic exposure to pyrrolizidine alkaloids or 
repeated exposure to oxaliplatin, whereas SOS in the setting of 
HCT evolves more rapidly. 

The clinical manifestations of SOS in the setting of HCT are 
highly variable and range from absence of symptoms to portal 
hypertension and severe multi-organ failure. The characteristic 
features are right upper quadrant pain of liver origin and/or 
hepatomegaly, weight gain (due to fluid retention/ascites), and 
hyperbilirubinemia. In patients treated with cyclophosphamide- 
containing conditioning regimens, onset usually occurs in the 
first 3 weeks after initiation of treatment.” A later onset of SOS 
after HCT has been described.'**'*? Conditioning regimens with 
alkylating agents such as the busulfan plus melphalan and/or thio- 
tepa may cause a later onset of SOS than the cyclophosphamide- 
containing regimens. ° 

Symptomatic SOS in HCT has been divided into three groups 
based on severity: mild SOS (symptoms do not require specific 
treatment and the spontaneous course is favorable); moderate 
SOS (symptoms require treatment, but resolve before day 100 
after HCT); and severe SOS (symptoms require treatment, but 
do not resolve before death or by day 100).°° Because patients can 
only be classified retrospectively, usefulness of this prognostic 
classification is largely limited to research rather than to therapeu- 
tic decision making in clinical practice. In patients who receive 
cyclophosphamide-containing regimens, nomograms that include 
bilirubin increase and weight gain as a function of time after 
administration of the conditioning regimen can be used as predic- 
tors of severe SOS.” 

SOS associated with oxaliplatin-based chemotherapy fre- 
quently presents with minimal symptoms and may be diagnosed 
incidentally after resection of liver metastases. The time of onset 
of SOS in this setting is not well defined and clinical manifesta- 
tions may have very delayed onset. Spleen size, platelet count, 
APRI and FIB-4 scores may herald the development of clinically 
significant SOS.”*'“°'*! SOS is associated with a lower tumor 
response to neoadjuvant therapy.” 


Clinical Criteria for Diagnosis of SOS 


Diagnosis requires 2 of 3 criteria 
within 20 days* of transplantation: 
Bilirubin >2 mg/dL 
Hepatomegaly or pain of liver origin 
>2% weight gain due to fluid 

retention 


Hyperbilirubinemia (>2mg/dL) 
plus at least 2 of the 
following 3 findings: 
(Tender) hepatomegaly 
5% weight gain** 

Ascites 


Both sets of criteria also require careful exclusion of competing causes 
of fluid retention, cholestasis and hepatomegaly, which are 
commonly seen in HCT. 


*These criteria were developed for SOS due to conditioning regimens that contain cyclophos- 
phamide and the temporal criterion may not apply to regimens without cyclophosphamide. 
“Some studies have modified this criterion and used a weight gain threshold of 2%.'”° 


Diagnosis 


Two sets of clinical criteria have been developed for research 
purposes to diagnose SOS after HCT (Table 44-3). It should be 
noted that these criteria have been created for HCT-related SOS 
and have not been validated in other settings. The signs and symp- 
toms of these criteria are also common complications of other 
problems that occur in the setting of HCT, so diagnosis requires 
careful exclusion of other causes of fluid overload, cholestasis, 
and hepatomegaly. The differential diagnosis in this population 
includes (hyper)acute graft-versus-host disease, drug-induced cho- 
lestasis, sepsis-induced cholestatic jaundice, viral or fungal liver 
infections, parenteral nutrition, and fluid overload due to renal 
failure, congestive heart failure, or vigorous fluid resuscitation. 
More than one of these conditions may occur simultaneously in 
this population, so that it can be difficult to determine which 
disease is the predominant cause of a particular sign or symptom. 
Up to 10% to 20% of patients with liver dysfunction in the first 
10 to 20 days after HCT cannot be diagnosed with confidence 
based on clinical grounds.°*'*’ 

Imaging studies in HCT patients can give nonspecific informa- 
tion, such as hepatomegaly, ascites, splenomegaly, and periportal 
edema, but may be helpful by excluding biliary obstruction, infec- 
tious diseases, venous thrombosis and/or tumor invasion into the 
hepatic parenchyma or vasculature. There is no pathognomonic 
radiologic feature to diagnose SOS. Imaging features that are 
highly suggestive of SOS include reversal of portal venous flow, 
monophasic flow in hepatic veins, gallbladder wall edema, attenu- 
ation of hepatic venous flow and a high hepatic arterial resistance. 
CT scan is not recommended due to the toxicity of contrast 
agents. 

In a moderately or severely ill patient in whom the diagnosis 
cannot be made based on clinical grounds or radiologic findings, 
a liver biopsy is recommended. A transjugular liver biopsy with 
hepatic venous pressure gradient is the gold standard for diagnosis 
and may also help distinguish SOS from graft-versus-host disease. 
In the setting of stem cell transplantation, a hepatic venous pres- 
sure gradient of greater than 10 mm Hg has a specificity greater 
than 90% and positive predictive value greater than 85%." His- 
tology in early SOS shows centrilobular hemorrhagic necrosis, 
subendothelial hemorrhage in hepatic veins, and loss of integrity 
of the hepatic vein endothelial lining. The histologic picture in 
late SOS shows continued centrilobular hemorrhagic necrosis 
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accompanied by sinusoidal and venular fibrosis. Sinusoidal fibro- 
sis, centrilobular vein occlusion, and centrilobular hepatocyte 
necrosis correlate with SOS severity.’ The older term, hepatic 
veno-occlusive disease, may lead to confusion, as some pathologists 
may be reluctant to make a diagnosis of SOS unless there is 
fibrotic occlusion of terminal hepatic venules. However, a study 
of HCT patients showed that 45% of patients with mild or mod- 
erate SOS and 25% of patients with severe SOS did not have 
occluded hepatic venules.” 

In those patients with clinical suspicion of SOS after oxaliplatin- 
based. chemotherapy, radiologic findings are also not diagnostic. 
A histologic evaluation is mandatory in all patients, either through 
specimen evaluation in those patients that have resection of liver 
metastases or via a liver biopsy. Hepatobiliary surgeons need to 
be aware of this disease and samples of nontumoral liver should 
be collected. Similarly, pathologists should have a high index of 
suspicion, as special stains are recommended. Histologic features 
are very similar to those present in HCT-related SOS. A proposed 
semiquantitative histologic scoring system for oxaliplatin-related 
SOS is graded: 0, absent; 1, mild (centrilobular involvement 
limited to one third of the lobular area); 2, moderate (centrilobu- 
lar involvement extending two thirds of the lobular area); and 3, 
severe (complete centrilobular involvement).”” 


Prevention 


Prevention of SOS is based on avoidance of risk factors, pharma- 
cologic prophylaxis, and choice of the conditioning regimen. The 
presence of risk factors needs to be identified and factors amenable 
to intervention need to be corrected. Nephrotoxic and hepato- 
toxic drugs should be avoided, norethisterone use should be dis- 
continued,'” and transplantation should be delayed in patients 
with acute hepatitis and active disease. A careful choice of the 
preconditioning regimen/chemotherapy may help reduce the inci- 
dence of SOS. For patients at significant risk for SOS (e.g., those 
with necroinflammatory liver diseases, cirrhosis, or extramedul- 
lary hematopoiesis with fibrosis), reduced-intensity regimens, 
which have a much lower risk for SOS, seem to be the best 
approach. Even with reduced-intensity regimens, patients with 
cirrhosis have an increased risk for death from liver decompensa- 
tion.“ Lower doses of total body irradiation,“ intravenous 
rather than oral administration of busulfan, administration of 
cyclophosphamide prior to rather than following busulfan, '“* 
avoidance of cyclophosphamide-containing regimens, and busul- 
fan pharmacokinetic monitoring! may also lower the 
risk for SOS. The value of therapeutic monitoring of busulfan 
may depend on other factors, such as the age of the patient, the 
underlying disease, and the other drugs in the conditioning 
regimen.” 

Although there are some data demonstrating a reduction in 
overall incidence of SOS, there are no studies demonstrating a 
reduction in mortality from SOS with pharmacologic prophy- 
laxis. The three drugs currently in use to prevent SOS are low 
molecular weight heparin, ursodeoxycholic acid, and defibrotide. 
Data on low molecular weight heparin are inconclusive and large 
randomized control studies are needed. Low molecular weight 
heparin is used routinely in some centers, despite evidence that 
SOS is not a thrombotic disease. Studies of the effect of ursode- 
oxycholic acid on SOS are inconclusive, but patients that receive 
prophylaxis with ursodeoxycholic acid have less jaundice, less 
graft-versus-host disease, and better survival rates.°”'*°'”’ The 


advent of ursodeoxycholic acid prophylaxis has led to a decline in 
the frequency and degree of hyperbilirubinemia in patients with 
SOS, although the mechanism remains to be determined. 

Defibrotide is a single-stranded polydeoxyribonucleotide with 
antithrombotic, antiischemic, and thrombolytic properties, and 
that reduces leukocyte accumulation. Several retrospective studies 
showed a reduction of incidence of SOS in HCT population. A 
phase-3 randomized controlled trial in a pediatric population 
undergoing HCT demonstrated a reduction in the incidence of 
SOS compared with controls with the same incidence of adverse 
events.'* However, overall mortality was similar between the two 
groups, suggesting a lack of efficacy in preventing severe sinusoi- 
dal injury. The British Society for Bone Marrow Transplantation 
recommends use of defibrotide for the prevention of SOS in high- 
risk children and adults undergoing HCT.’” A position state- 
ment by the European Society for Bone Marrow Transplantation 
states that defibrotide prophylaxis in adults would be an attractive 
approach and should be evaluated in a randomized trial.” The 
first case report of therapeutic efficacy of defibrotide for SOS was 
in 1998,'° and it is unfortunate that there has still not been a 
randomized study designed to establish whether defibrotide pro- 
phylaxis reduces mortality from SOS. 

Bevacizumab has been used in combination with chemother- 
apy for the neoadjuvant therapy in colorectal liver metastasis. It 
has been shown to increase the pathologic response in resected 
tissues“! and to provide a survival benefit. The effect of beva- 
cizumab in oxaliplatin-related SOS has been evaluated in retro- 
spective studies. ^! These studies showed lower incidence and 
severity of SOS in patients that received bevacizumab with oxali- 
platin compared with those that received oxaliplatin alone. 

Three studies conducted by a group in Japan recently evaluated 
prophylaxis in the pyrrolizidine alkaloid model of SOS. Recom- 
binant thrombomodulin,’” sorafenib,'® and regorafenib'” were 
each found to protect against LSEC injury, attenuate histologic 
features of SOS, and reduce serum transaminase levels. However 
their applicability needs to be confirmed in human SOS. 


Treatment 


The majority of patients with SOS recover spontaneously over a 
2 to 3 week period. However severe SOS carries a high mortality, 
usually due to multi-organ failure with renal and pulmonary 
failure. 

Treatment is based on the following mainstays: (1) early diag- 
nosis, (2) supportive care, and (3) pharmacologic management. 
Early diagnosis is crucial to start treatment as soon as possible. 
Hence it is important to thoroughly evaluate these patients and 
assess weight gain and the presence of edema, ascites, hepato- 
megaly, or jaundice on a daily basis. Supportive care includes 
management of fluid and electrolyte balance, diuretics in conjunc- 
tion with paracentesis, hemodialysis or hemofiltration, and man- 
agement of multi-organ failure. 

Evidence of the benefit of defibrotide in the treatment of 
SOS is based on a retrospective analysis of compassionate use 
cases, a retrospective study, a Phase 2 trial, and a Phase 3 clinical 
trial with historic controls,'°'°*"” plus a number of studies pub- 
lished only in abstract form. Recent guidelines and expert opinion 
recommend defibrotide in the treatment of SOS, especially in 
those patients with severe SOS, multi-organ failure, or those 
patients with mild/moderate SOS that do not improve.*”**!” 
Defibrotide permits resolution of SOS in up to half of cases 
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classified as severe and it is well tolerated. Interestingly, the use of 
defibrotide has never been reported in the pyrrolizidine alkaloid 
model of SOS. 

TIPS decompresses portal pressure and relieves ascites, but 
does not improve outcome of SOS.'7'"” Liver transplantation 
could be considered in patients who develop SOS after HCT for 
a benign disease or whose underlying malignancy is expected to 
have a good outcome (e.g., chronic myelogenous leukemia in 
chronic phase). However, liver transplantation is not indicated 
when the risk for recurrent malignancy is high. 


Conclusion 


BCS and SOS are rare liver diseases with significant morbidity 
and mortality. 

BCS may be a manifestation of a blood disease and an underly- 
ing thrombotic disorder is commonly identified as the cause of 
thrombosis. The outcome of BCS has improved due to a better 
awareness of the disease, improvement of radiologic techniques, 
and prompt initiation of treatment. These patients should be 
managed according to a stepwise treatment algorithm. This 
approach includes anticoagulation and management of the under- 
lying disease and of complications of portal hypertension as the 
initial step; followed by angioplasty/stent in cases of short-length 
stenosis; TIPS or DIPS in those cases without improvement 
despite this initial approach; and finally LT. Management of BCS 
requires special expertise and a multidisciplinary team. 

SOS is a consequence of toxicity of various chemotherapeutic 
drugs with or without total body irradiation, certain immunosup- 
pressive drugs, and of pyrrolizidine alkaloids, which are toxic to 
the liver sinusoidal endothelial cells and their progenitors. The 
incidence of SOS in the setting of HCT has greatly decreased 
in recent years, mainly due to a shift from myeloablative to 
reduced-intensity conditioning regimens for hematopoietic cell 
transplantation. The recognition that SOS can complicate the use 
of oxaliplatin-containing regimens has led to greater awareness of 
this syndrome outside of hematopoietic cell transplantation units. 


Although advances in our understanding of both diseases have 
been made, there are still many unresolved questions that need to 
be answered to improve management of patients with these rare 
diseases. 


SUMMARY 


Recent Progress 

e Improvements in radiologic techniques and prompt initiation of 
treatment have improved the outcome of BCS—recent multicentric 
cohort studies have shown that a stepwise treatment algorithm 
optimizes the management of these patients. 

e Careful management of risk factors and use of reduced-intensity 
conditioning regimens for hematopoietic cell transplantation have 
markedly decreased the incidence of SOS and improved outcomes. 


Key Knowledge Gaps 

e There is a lack of well-defined criteria for “treatment failure” to 
step-up treatment for BCS. 

e Well-defined early predictors of the severity of SOS need to be 
established to identify those patients that may benefit from preventive 
pharmacologic treatment. 

e Randomized controlled trials are needed to evaluate pharmacologic 
approaches used for prevention and treatment of SOS. 


Future Direction 

e In BSC, research should identify predictors of treatment failure and of 
patients that benefit from early liver transplantation. 

e In SOS, research should implement effective preventive and therapeutic 
treatments. 
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Portal and Splenic Vein Thrombosis 


LAURE ELKRIEF AND DOMINIQUE C. VALLA 


ABBREVIATIONS 


CALR calreticulin 

CT computed tomography 

JAK2 Janus kinase 2 

MPN myeloproliferative neoplasm 

MTHFR methylenetetrahydrofolate reductase 
MVT mesenteric venous thrombosis 

PVT portal vein thrombosis 

TIPS transjugular intrahepatic portosystemic shunt 


Introduction 


The term portal vein thrombosis (PVT) refers to the development 
of a thrombus in the portal vein. The thrombus can extend into 
any of the right and left branches of the portal vein, the superior 
or inferior mesenteric vein, and the splenic vein.’ Tumorous 
occlusion of the portal vein, which is characterized by the intra- 
luminal development of malignant tissue, will not be discussed in 
this chapter. 

PVT can occur in different contexts, each of which should be 
considered as a distinct disease entity and will be considered suc- 
cessively as follows: PVT occurring in the absence of underlying 
liver disease, including recent (so-called acute) PVT and long- 
standing (so-called chronic) PVT; PVT occurring in patients with 
cirrhosis; and PVT in children. Last, isolated splenic vein throm- 
bosis will be briefly discussed. 


Portal Vein Thrombosis in the Absence 
of Underlying Liver Disease 


Epidemiology 


Noncirrhotic, nontumorous PVT is the second most frequent 
cause of portal hypertension worldwide,’ accounting for a larger 
proportion of cases in developing countries than in Western coun- 

ies.’ A diff back d l f infecti d inflam- 
tries.” A different background prevalence of infectious and inflam 
matory causes and limited access to medical care are usually 
proposed to explain this difference.“ 


Etiology 


Comprehensive investigations can identify systemic prothrom- 
botic factors in approximately 60% of patients (Table 45-1) but 
local triggering factors in less than 40% of cases.” A combination 
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of two or more prothrombotic factors has been found in 52% of 
PVT patients,’ which justifies comprehensive investigations, even 
when predisposing or precipitating factors have already been 
shown. Still, currently available investigations fail to identify a 
causal factor in approximately 20% of patients.’ 


General Risk Factors 


Myeloproliferative Neoplasms 

Myeloproliferative neoplasms (MPNs) have been found in approx- 
imately 30% of patients with PVT.” In PVT patients, however, 
hypersplenism and hemodilution may mask the increased blood 
cell counts.'' MPN diagnosis has been facilitated by testing for 
the V617F mutation of the Janus kinase 2 gene (/AK2).'” The 
prevalence of MPNs and /AK2 mutation among patients with 
noncirrhotic PVT has been estimated at 31.5% and 27.7%, 
respectively. /AK2 mutation has been detected in 15.4% of PVT 
patients without typical MPN features in peripheral blood.’ Thus 
MPNs should be investigated in all patients with PVT, regardless 
of peripheral blood cell counts. Somatic mutations of the gene 
encoding calreticulin (CALR) have been identified'*'* in approxi- 
mately 2% of JAK2 V617F-—negative patients with PVT.'*'° Bone 
marrow biopsy showing clusters of dystrophic megacaryocytes 
with or without fibrosis has long been considered the gold stan- 
dard for the diagnosis of MPN, although recent data challenge 
this view.” 


Inherited Thrombophilia 
Deficiency in antithrombin, protein C, or protein S, and factor 
V Leiden or G20210A prothrombin gene mutation have been 
found in patients with PVT.”””'® The diagnosis of inherited defi- 
ciencies of antithrombin, protein C, and protein S is difficult to 
establish in such patients because PVT per se appears to induce 
a nonspecific decrease.” In a recent meta-analysis, the pooled 
prevalence of antithrombin, protein C, and protein S deficiency 
in patients with PVT was 3.9%, 5.6%, and 2.6%, respectively.” 
Not all patients with isolated low levels of protein C or protein S 
appear to have deficiency causing mutation in the PROC gene or 
the PROS gene, respectively.” The prevalence of factor V Leiden 
mutation among patients with PVT ranges from 3% to 9%,” 
corresponding to a twofold increase in the risk of PVT among 
carriers of at least one allele.'* The G20210A prothrombin gene 
mutation is more common among PVT patients than factor V 
Leiden mutation, having been found in 9% to 22% of them,””” 
which corresponds to a 4.5-fold increase in the risk of PVT among 
carriers." 

The role of hyperhomocysteinemia as a risk factor for PVT is 
difficult to assess because homocysteine levels are highly influenced 
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WAIE Prevalence of Etiologic Factors in Adults With Portal Vein Thrombosis in the Absence of 


Sell Underlying Liver Disease and Proposed Diagnostic Workup 


Systemic Factors 


Genetic testing of the V617F mutation of the JAK2 gene. If negative, discuss genetic testing 


of the calreticulin gene; discuss bone marrow biopsy 


Genetic testing: G20210A prothrombin gene mutation; factor V Leiden mutation; C677T 


MTHFR mutation. Protein S activity, protein C activity, antithrombin activity. Cautious 


Myeloproliferative neoplasm 32 
JAK2 V617F—positive 27 
Inherited thrombophilic disorders 35 
G20210A prothrombin gene mutation 9-22 
Factor V Leiden mutation 3-9 
Protein S deficiency 0-30 
Protein C deficiency 0-7 
Antithrombin deficiency 0-5 
C677T MTHFR mutation 11 
Acquired thrombophilic disorders 19 
Antiphospholipid syndrome 5-10 


interpretation if there is impaired liver function 


Lupus anticoagulant, anti-cardiolipin, and anti-B, glycoprotein 1 antibody testing 


Repeat testing after 12 wk in the case of a positive test 


Other systemic factors 


Search for clinical and/or biologic features of autoimmune disease, inflammatory bowel 


disease, vasculitis, sarcoidosis, connective tissue disease, Behget disease, 
cytomegalovirus infection 


Hormonal Factors 
Oral contraceptive 44 


Local Factors 


Pancreatitis, diverticulitis, cholecystitis, 21 
appendicitis, intraabdominal surgery 
No identified factor 40 


See Denninger et al.,° Janssen et al.,° Primignani et al.,’ Plessier et al.,’ and Smalberg et al."° 


by diet and by vitamin B,, or folic acid deficiencies.” The average 
prevalence of homozygous C677T methylene tetrahydrofolate 
reductase gene (MTHFR) polymorphism is approximately 11%, 
which is not higher than expected in the general population.” 


Acquired Prothrombotic Disorders 
Antiphospholipid syndrome refers to the occurrence of venous and 
arterial thromboses, or recurrent fetal losses, in the presence of 
antiphospholipid antibodies.” However, antiphospholipid anti- 
bodies can be found in the absence of antiphospholipid syndrome; 
for example, in up to 5% of healthy subjects, and also in patients 
with rheumatologic diseases, infections, and cancer.” In patients 
with PVT, the reported prevalence for antiphospholipid antibod- 
ies was approximately 5% to 10%.” However, except for IgG 
anticardiolipin antibodies, antiphospholipid antibodies were not 
associated with PVT according to a recent meta-analysis.” 
Other autoimmune-mediated diseases, vasculitis, sarcoidosis, 
and connective tissue disease, may also be associated with PVT. 
This is particularly relevant to Behcet disease in the Mediterranean 
area.” PVT was frequently diagnosed in patients with inflamma- 
tory bowel disease in an active phase or after surgery. The diag- 
nosis was fortuitous in 40% of inflammatory bowel disease 
patients.” 


Computed tomography scan, colonoscopy 


The incidence of PVT was 6.4% in hospitalized patients with 
acute cytomegalovirus infection, being higher in immune- 
competent than in immune-compromised patients. Inherited 
prothrombotic disorders and oral contraceptive use were both 
found in 25% of patients with cytomegalovirus infection and 
PVT.” 

Alone, exposure to female hormones does not appear to cause 
PVT. A female predominance among patients with PVT has not 
been found.” Oral contraceptive use and pregnancy have 
been reported to trigger PVT only when local or other general 
prothrombotic factors were present.° 


Local Factors 

Local risk factors (i.e., surgery or infectious or inflammatory 
conditions in the splanchnic area) were found in 21% of patients.’ 
In patients with alcoholic pancreatitis, underlying thrombophilia 
does not appear to increase the risk of PVT.” In other patients, 
the identification of a local factor should not prevent the investi- 
gation of a systemic prothrombotic factor because one third of 
patients with a local factor also had a general prothrombotic 
disorder.” Septic thrombophlebitis of the portal vein (so-called 
pylephlebitis) is usually related to an infection in the region 
drained by the portal venous system, mostly diverticulitis and 
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appendicitis. Bacteremia (often polymicrobial) is present in 88% 
of patients, and the most common blood isolate is Bacteroides 


fragilis.” 


Manifestations 


Clinical and Laboratory Features 


Acute Portal Vein Thrombosis 
Acute portal vein thrombosis (PVT) refers to the recent formation 
of a thrombus within the portal vein and/or its branches and/or 
its radicles. Abdominal pain is present in most patients.*”*’ Other 
features include fever, high leukocyte count, and high C-reactive 
protein level, all related to a systemic inflammatory response 
syndrome developing in the absence of infection. Liver blood test 
results are normal or show only moderate and transient changes. 
Some patients might present with mild or nonspecific symptoms. 
Ischemia or infarction of the small bowel should be suspected 
in patients with persisting intense pain despite adequate antico- 
agulation; hematochezia; guarding; ascites; or multiorgan failure 
with increased lactate levels or metabolic acidosis.” In a recent 
study of 57 patients with acute mesenteric venous thrombosis 
(MVT), circulatory shock (36%) and clinically detectable ascites 
(75%) were more frequently observed in patients who had intes- 
tinal resection than in those who did not. Intestinal resection was 
also more frequent in patients with underlying diabetes mellitus.” 


Chronic Portal Vein Thrombosis 

Following acute thrombosis, in the absence of recanalization, the 
portal venous lumen obliterates, whereas tortuous collateral vessels 
bypassing the thrombosed portion of the portal vein develop and 
together form the so-called cavernoma.*”” Portal hypertension, 
recurrent thrombosis, and cholangiopathy are the main complica- 
tions of chronic PVT. 

Portal Hypertension. Gastrointestinal bleeding has become a 
rare mode of presentation, compared with a fortuitous uncovering 
of portal hypertension by examinations performed for an unre- 
lated reason. Such features include enlarged spleen, low blood cell 
counts, gastroesophageal varices on endoscopy, or cavernoma or 
portosystemic collaterals on abdominal imaging.*’®**”’ Portal 
hypertension typically contrasts with little evidence for liver dys- 
function. However, liver dysfunction may be revealed by sensitive 
tests, such as plasma protein C determination showing decreased 
levels. ° 

Bleeding is the most frequent portal hypertension—related 
complication.**”**”? Varices may belong to the portosystemic col- 
lateral circulation (in the esophagus and the gastric fundus) or to 
the portal cavernoma (in the gastric antrum and the duodenum).’ 
Ectopic varices, in the duodenum, anorectal region, and gallblad- 
der wall, are more common than in patients with cirrhosis. “4 
Bleeding-related mortality in patients with PVT is lower than in 
patients with cirrhosis, probably because of the preserved liver 
function.6????8? 

Ascites is uncommon, and is usually (but not constantly) trig- 
gered by recent gastrointestinal bleeding or infection. Ascites 
purely related to hepatic dysfunction occurs late in the course of 
PVT. Overt hepatic encephalopathy is rare in the absence of a 
concurrent precipitating factor. By contrast, subclinical encepha- 
lopathy appears to be common.” Its actual impact on mental 
performance and quality of life warrants further evaluation. 

Recurrent Thrombosis. Recurrent thrombosis is the next most 
frequent complication behind bleeding.***** It mostly affects 
the splanchnic area. Prothrombotic conditions constitute an 


independent risk factor for recurrent thrombosis.*”* The impact 


of recurrent thrombosis on the outcome remains to be evaluated. 
However, it is clear that the involvement of the superior mesen- 
teric vein is associated with a worse outcome.*”””” 

Portal Cavernoma Cholangiopathy. The term portal caver- 
noma cholangiopathy refers to abnormalities of the entire biliary 
tract, including intrahepatic and extrahepatic bile ducts, the cystic 
duct, and the gallbladder in patients with portal cavernoma.”? It 
is attributed to imprinting on the bile ducts or their lumen by 
collaterals composing the cavernoma. Ischemic damage to the 
biliary tree has also been suggested to explain part of portal cav- 
ernoma cholangiopathy.”” 

When magnetic resonance cholangiography was routinely per- 
formed, bile duct changes were found in 92% of consecutive 
patients.“° However, clinical impact is more limited than morpho- 
logic changes. Elevated serum alkaline phosphatase levels, elevated 
serum bilirubin levels in and elevated serum alanine aminotrans- 
ferase levels were observed in 30% to 80%, 50%, and 30% of 
patients with portal cavernoma cholangiopathy, respectively.” 
Severe and life-threatening manifestations (cholecystitis, cholan- 
gitis, obstructive jaundice) were even less common, and occurred 
in 5% to 35% of the patients.*°“* Such complications developed 
only in patients with grade III cholangiopathy (namely, strictures 
with dilatations), in whom the risk was 41%.” 


Imaging Features 

Acute Portal Vein Thrombosis 

The direct visualization of a hyperechogenic thrombus in the 
portal lumen is inconstant.” Therefore duplex ultrasonography 
is needed to show an absence of flow within the portal vein. 
Contrast-enhanced computed tomography (CT) in the portal 
phase shows the absence of enhancement of the lumen corre- 
sponding to the portal vein thrombus (Fig. 45-1). A spontaneously 


e Fig. 45-1 Computed tomography scan in a patient with acute porto- 
mesenteric vein thrombosis. Coronal computed tomography scan in the 
portal phase shows portomesenteric vein thrombosis (arrow), with thick- 
ening of the bowel wall (arrowhead) and ascites (star). 
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e Fig. 45-2 Portal cavernoma. A, Computed tomography scan in the portal phase after intravenous 
injection of contrast agent shows a hyperattenuated network of collaterals (arrow) and splenomegaly 
(star). B, Magnetic resonance angiography shows a pseudotumoral cavernoma, seen as a solid-like mass, 
enhanced in the portal phase of contrast agent injection. C, Magnetic resonance cholangiography shows 
portal cavernoma cholangiopathy, seen as multiple imprinting on the lumen of the bile ducts. 


hyperattenuating thrombus dates back to less than 30 days after 
the onset of symptoms.” The absence of a well-developed cav- 
ernoma is an additional feature suggesting that PVT is recent, 
because a cavernoma is visible as early as 15 days after the onset 
of abdominal pain.” 

CT scan provides additional information on extension to the 
mesenteric veins and arches, potential local factors, and impact 
on the bowel, as illustrated in Fig. 45-1. Distal thrombosis (occlu- 
sion of second-order radicles of the superior mesenteric vein), 
large ascites, pneumatosis intestinalis, and portal venous gas are 
more frequently observed in patients who will need intestinal 
resection. “°! Diffuse homogeneous wall thickening and mesen- 
tery abnormalities have been found in 31% and 63% of patients 
with acute MVT, respectively,” and are probably more suggestive 
of congestion related to acute portal hypertension than of isch- 
emia in the context of venous thrombosis. 


Chronic Portal Vein Thrombosis 

The diagnosis is made by the demonstration of the cavernoma on 
imaging by any of duplex ultrasonography, CT scan, or magnetic 
resonance angiography. The original portal vein is difficult to 
identify, as it is replaced by serpiginous collaterals in the porta 
hepatis which are enhanced during the portal phase (Fig. 45-2).°” 
Collateral veins also develop within or close to the tissues and 
organs adjacent to the obstructed portion of the portal vein; 
namely, bile ducts, gallbladder, pancreas, gastric antrum, or duo- 
denum. Such collateral veins may be misinterpreted as a tumor 
of bile ducts or the pancreas, pancreatitis, or cholecystitis (see Fig. 
45-2). Other imaging features include a combination of atrophy 
of left lateral liver segments with segment IV hypertrophy.” 
Enlarged spleen size is common and can be related to portal 
hypertension, to MPN, or to both factors.**”** 

Liver biopsy is needed to rule out underlying chronic liver 
disease in patients with altered liver test values or a dysmorphic 
liver. Recent data suggest that liver stiffness of less than 10 kPa 
allows the exclusion of underlying cirrhosis.” 

Magnetic resonance cholangiography coupled with magnetic 
resonance angiography is recognized as the reference procedure 
for diagnosing portal cavernoma cholangiopathy (see Fig. 
45-2).°°? Changes consist mainly of stenoses, upstream dilata- 
tion, and irregularities in the caliber of the bile ducts (Fig. 
45-3).‘°"8 A recent study found that bile duct changes develop 
within 1 year after the acute episode, and thereafter remain 
stable.” 


Outcome 


The complications of recent PVT are related to the extension of 
the thrombus. There is little effect on the intestine as long as the 
mesenteric venous arches remain patent. Ischemia results from 
the extension of the thrombus into the mesenteric veins and the 
mesenteric venous arches.” Intestinal infarction is the most 
dreaded complication of MVT, and can occur when ischemia is 
prolonged for 5 days to 7 days.” Intestinal infarction has been 
reported in 4% to 58% of patients with acute MVT.*”” Severe 
disability may result from either short bowel syndrome or post- 
ischemic intestinal stenosis.” However, the outcome of PVT has 
greatly improved in the past decades.” Increased availability of 
emergency CT for elucidation of acute abdominal pain has 
allowed the proportion of PVT being recognized at an early stage 
to increase, from less than 10% before 1990 to more than 50% 
thereafter. "> 

The outcome of patients with a cavernoma is relatively good, 
being determined mostly by patient age, portal hypertension, 
associated thrombosis of the superior mesenteric vein, and the 
underlying condition causing thrombosis. ™ Currently, the 
5-year survival rate of patients without previous liver disease is 
approximately 85%.°°*** 


Treatment of Portal Vein Thrombosis 


Anticoagulation 
Acute Portal Vein Thrombosis 
The aim of therapy for acute PVT is to prevent mesenteric venous 
infarction and to achieve portal vein recanalization as proposed 
in the algorithm presented in Fig. 45-3. Increased use of early 
anticoagulation in patients with acute PVT/MVT has been associ- 
ated with an incidence of intestinal infarction decreasing from 
33% in patients who did not receive anticoagulation” to 2% in 
a study where 95% of patients who received anticoagulation 
therapy.’ Therefore immediate initiation of anticoagulation 
therapy can be recommended in patients with acute PVT.*””? In 
a recent prospective study of 95 patients with acute PVT receiving 
anticoagulation therapy, thrombus extension was prevented in all 
patients who had early initiation of anticoagulation therapy.’ 
Recanalization of the thrombosed veins is obtained in 30% to 
80% of anticoagulated patients, depending on the site of occlu- 
sion.””* Delay in initiating anticoagulation has been asso- 
ciated with the absence of recanalization of the portal vein.” 
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Acute PVT 


| 


Early anticoagulation for 6 mo* 


Recanalization 


| No recanalization 


Chronic PVT 


or 


Permanent prothrombotic condition 


intestinal ischemia or infarction 


= 


Screening for EV + 
prophylaxis against 
variceal bleeding 


No 
| n Surveillance 


Consider long-term anticoagulation 


e— Recurrent thrombosis 


*12 mo if the splenic or superior mesenteric vein is involved as delayed recanalization of these veins can occur. 


e Fig. 45-3 Proposed algorithm for the management of anticoagulation therapy in patients with portal 
vein thrombosis in the absence of underlying liver disease. EV, Esophageal varices; PV, portal vein 


thrombosis. 


Recanalization of the portal vein has been shown to occur within 
the first 6 months of anticoagulation, or not to happen. By 
comparison, in patients not receiving anticoagulation therapy, 
spontaneous recanalization of a thrombosed portal vein appears 
to be exceptional.’ Accordingly, the duration of initial antico- 
agulation therapy should be at least 6 months in a patient with 
acute PVT.” Ascites, an occluded splenic vein, and underlying 
prothrombotic disorders have been associated with a failure to 
recanalize the portal vein.” However, the validation of these 
factors in an independent population has not been performed 
yet. Although there is a lack of data on long-term management 
after acute PVT, international recommendations are that long- 
term anticoagulation should be considered when an underlying 
persistent prothrombotic condition has been found.”*”” 


Chronic Portal Vein Thrombosis 

Reasonable objectives for long-term anticoagulation consist of 
preventing recurrent or extensive thrombosis, thereby protecting 
the patient from intestinal infarction and from portal hypertension— 
related complications (Fig. 45-4). The benefit of long-term anti- 
coagulation with regard to long-term outcome of patients with 
chronic PVT has not been fully demonstrated yet, as most studies 
have not separated the acute stage and the chronic stage in the 
evaluation of anticoagulation therapy. 

Anticoagulation therapy was found to be effective for the pre- 
vention of progression and recurrence of thrombosis.” A retro- 
spective study on portomesenteric venous thrombosis revealed 
improved survival in patients receiving warfarin therapy.” The 
identification of a prothrombotic condition was the only factor 
associated with recurrence of thrombosis. On the basis of these 
data, long-term anticoagulation therapy has been recommended 
in patients with a persistent prothrombotic condition or recurrent 
thrombosis.” In patients without a prothrombotic condition, the 


e Fig. 45-4 Computed tomography portal vein thrombosis in a patient 
with alcoholic cirrhosis awaiting liver transplant. The thrombus is partial 
and involves the main portal vein (arrow). 


use of anticoagulation therapy should be decided on an individual 
basis, taking into account the potential benefits of anticoagulation 
and the risk of bleeding related or unrelated to portal hyperten- 
sion. In patients with intestinal infarction, long-term anticoagula- 
tion has been recommended on the basis of a decreased risk of 
recurrent thrombosis in patients who receive anticoagulation 
therapy.” 


Bleeding occurs in approximately 10% of patients.°”*? Anti- 
coagulation therapy has been associated with an increased risk of 
variceal bleeding in one recent study“ but not in two other 
studies.*°* In none of the studies was anticoagulant therapy associ- 
ated with more severe gastrointestinal bleeding.***°° Independent 
predictors of gastrointestinal bleeding were a previous episode and 
the size of esophageal varices.*’* Accordingly, anticoagulation 
therapy should be started after adequate prophylaxis of variceal 
bleeding has been initiated.” 

In most studies, anticoagulation therapy was based on unfrac- 
tionated heparin or low molecular weight heparin in high doses 
within the first few weeks, and this was then replaced by vitamin 
K antagonists, targeting an international normalized ratio between 
2 and 3.°”° Heparin-induced thrombocytopenia was found in 
up to 20% of patients with PVT and MPN, almost exclusively 
with unfractionated heparin.°' 

On the basis of these studies, the algorithm presented in Fig. 
45-3 is proposed for the management of anticoagulation therapy 
in patients with chronic PVT. 


Management of Portal Hypertension-Related 
Complications 


Patients with acute PVT should be screened for gastroesophageal 
varices within 6 months after the acute episode as gastroesopha- 
geal varices may develop as early as 1 month after acute PVT. In 
patients without varices on early endoscopy and persistent occlu- 
sion of the portal vein, varices develop mostly during the first year 
of follow-up.” Thus in the absence of varices at 6 months, endos- 
copy should be repeated at 12 months. In accordance with the 
guidelines for cirrhosis to PVT, further follow-up screening endos- 
copies should be performed every 2 years.” 

In patients with chronic PVT, nonselective B-adrenergic block- 
ing agents have been reported in retrospective cohort studies to 
decrease the risk of bleeding in patients with large varices’ and 
to improve survival.” The acute variceal bleeding episode could 
be managed by application of the guidelines for cirrhosis.” Endo- 
scopic band ligation is safe and effective for the treatment of vari- 
ceal bleeding.” In patients with noncirrhotic portal hypertension 
(including extrahepatic portal vein obstruction) not receiving 
anticoagulation therapy, endoscopic band ligation and proprano- 
lol were found to be equally effective for the prevention of variceal 
rebleeding.” 


Systemic Thrombolytic Therapy 


The scarce data available do not allow conclusions to be drawn. 


Antibiotics 

In patients with septic pylephlebitis, prolonged antibiotic therapy 
adapted to the bacteria isolated has dramatically improved the 
outcome.” In patients with septic pylephlebitis the association of 
anticoagulant and antibiotic agents appears to be beneficial.” 


Radiologic Interventions 

Local thrombolytic therapy and catheter-directed thrombectomy 
have been proposed for patients with extensive thrombosis in 
whom intestinal infarction was expected. The superior mesenteric 
arterial route has been used for pharmacologic thrombolysis. 
Transhepatic transcapsular or transjugular routes have been used 
for pharmacologic thrombolysis and thrombectomy. Thromboly- 
sis and thrombectomy have been used alone or combined. Data 
are scarce.” A recanalization of the superior mesenteric vein was 
reported in 75% of patients as compared with 60% of patients 
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using prolonged anticoagulation therapy alone in a recent pro- 
spective observational study.’ Major procedure-related bleeding 
occurred in 60% of patients,” with occasional cases of fatal 
outcome.”° 

Transjugular intrahepatic portosystemic shunt (TIPS) inser- 
tion for the treatment of portal hypertension—related complica- 
tions has been reported to be feasible in patients with a cavernoma 
when intrahepatic portal veins are visible. However, only short- 
term outcomes have been reported.” 

Transsplenic portal vein recanalization has recently been pro- 
posed in patients with cirrhosis and PVT.” Its applicability to 
patients with noncirrhotic acute or chronic PVT deserves further 
study. 


Surgery 

Intestinal Resection 

When intestinal infarction is suspected, laparotomy for an explo- 
ration of intestinal viability and a resection of necrotic parts is 
indicated. The challenge is to preserve as much viable bowel as 
possible so as to avoid short bowel syndrome. Partial intestinal 
resection may also be indicated in patients with occlusion related 
to postischemic stenosis.” 


Decompressive Surgery 

Shunt surgery, largely used in the past, may currently be consid- 
ered in the rare patients with recurrent bleeding despite endo- 
scopic and pharmacologic therapy, or with severe portal cavernoma 
cholangiopathy.” It is generally accepted that only widely patent 
superior mesenteric or splenic veins are suitable for effective por- 
tosystemic shunting. Splenectomy has been used extensively in 
India to treat so-called symptomatic hypersplenism, a complica- 
tion exceptionally encountered in Western countries.” 


Management of Portal Cavernoma Cholangiopathy 
Specific treatment of portal cavernoma cholangiopathy should be 
considered only in patients with jaundice, pruritus, or cholangi- 
tis.” Bile stones can be extracted endoscopically. Biliary strictures 
can be treated with repeated temporary stenting.’ A risk of bleed- 
ing from bile duct varices should be kept in mind. Surgical por- 
tosystemic shunting may be also considered, whereas current data 
are too preliminary to make TIPS a reasonable alternative at 
present.” Bilioenteric bypass is associated with high morbidity 
and high mortality, and cannot be recommended. 


Pregnancy 

In a study of 45 pregnant PVT patients treated with anticoagula- 
tion, the rate of miscarriage was 20%, and preterm birth occurred 
in 38% of patients. However, fetal and maternal outcomes were 
favorable for most pregnancies.” Thus pregnancy should not be 
contraindicated in women with stable PVT. Variceal bleeding may 
occur during pregnancy.” In a retrospective case series analysis it 
was found that most patients with gastrointestinal bleeding during 
pregnancy had not received adequate prophylaxis using regular 
screening, and nonspecific B-adrenergic blockade or endoscopic 
band ligation.” Anticoagulation therapy should be maintained 
during pregnancy if there is an underlying prothrombotic condi- 
tion. The indication for (and intensity of) anticoagulation therapy 
in women with PVT and no identified risk factor is unclear, and 
should be discussed on a case-by-case basis. Vitamin K antago- 
nists are associated with a high rate of congenital malformations. 
Therefore it is recommended to switch from a vitamin K antago- 
nist to low molecular weight heparin as early as possible.” 
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Portal Vein Thrombosis in 
Patients With Cirrhosis 


Epidemiology 


Cirrhosis accounts for approximately one third of unselected cases 
of PVT.””® Increased indication for noninvasive imaging in 
patients with cirrhosis has dramatically increased the recognition 
of PVT. The estimated prevalence of PVT in patients with cir- 
thosis ranges from 0.6% to 26%.” In a recent cohort study of 
more than 1200 patients, most with compensated cirrhosis at the 
baseline, the incidence of PVT was 5% and 11% at 1 year and 5 
years, respectively.” Compared with the latter study, the incidence 
of PVT was found to be higher (7% to 16% per year) in patients 


with a more severe liver disease at the baseline.”?*° 


Etiology 


In patients with cirrhosis, studies evaluating an association with 
prothrombotic disorders have yielded inconsistent results.”°°'™ 
Among the causes of cirrhosis, obesity” and diabetes,” not alcohol 
and viral hepatitis B or hepatitis C, were found to be associated 
with the occurrence PVT. PVT development has been linked 
with a prior decrease in portal flow velocity in some” but not 
all studies.”* 


Manifestations 


Clinical and Laboratory Features 


PVT in patients with cirrhosis is found in the absence of recent 
signs and symptoms in more than 40% of cases.°' The most 
common concurrent manifestations are variceal bleeding and 
ascites.*”*' When the thrombus extends to involve the superior 
mesenteric vein, PVT is usually symptomatic, with manifestations 
ranging from mere abdominal pain to intestinal infarction.” 


Imaging Features 

PVT is frequently recognized on imaging for unrelated reasons, 
particularly the screening patients for hepatocellular carcinoma.” 
Duplex ultrasonography appears to be highly accurate. CT or 
magnetic resonance angiography is useful to evaluate thrombus 
extent. As illustrated in Fig. 45-4, partial (and thus nonocclusive) 
PVT is the most commonly observed feature, in 43% to 75% of 
patients with PVT.”**°*' Tumor invasion of the portal vein by 
hepatocellular carcinoma should be considered in all patients with 
an obstructed portal vein. Arterial flow signals on Doppler ultra- 
sonography or enhancement of the pseudothrombus in the arte- 
rial phase on CT scan or on magnetic resonance imaging are the 
most specific differentiating features." 


Outcome 


Compared with control patients, PVT is more common in can- 
didates for liver transplant,” in patients with large esophageal 
varices, © in patients with higher Model for End-Stage Liver 
Disease score,” in patients with a low platelet count.” and in 
patients with low prothrombin time.” These observations raise 
the issue of whether PVT is a cause or a consequence of increased 
severity of liver disease. Recent longitudinal studies found that the 
development of PVT was not associated with subsequent progres- 
sion of liver disease,”**°** although it was associated with a poorer 


outcome after liver transplant in patients with low Model for 
End-Stage Liver Disease scores at the time of listing.” These find- 
ings suggest that the development of PVT is a marker of the 
severity of cirrhosis rather than a direct cause of the progression 
of liver disease. 

The impact of PVT on the transplant procedure itself appears 
to depend on the possibility to restore a physiologic portal perfu- 
sion to the graft with use of anatomic (physiologic) procedures. 
Thrombectomy and jump grafts to a patent superior mesenteric 
vein fulfill these criteria and are associated with good results. By 
contrast, an irremovable occlusive thrombus extending to the 
superior mesenteric vein requires left renal to portal vein anasto- 
mosis, or portocaval hemitransposition. These interventions, 
which do not relieve portal hypertension and do not restore graft 
perfusion with portal blood, are associated with a high rate of 
failure or complications.” 


Management 


Anticoagulation 


The use of anticoagulant therapy in patients with cirrhosis has 
been evaluated in a limited number of small cohorts, mostly 
retrospective, resulting in recommendations not being solidly 
grounded. In patients with cirrhosis and PVT, the indication for 
anticoagulation therapy was usually restricted to potential candi- 
dates for liver transplant, including those on the waiting list, as 
well as those who may require liver transplant and for whom there 
is no contraindication for it. In such patients the aims of antico- 
agulation are to permit/facilitate liver transplant and to reduce 
posttransplant mortality and morbidity. The proportion of recana- 
lization is higher in patients who receive anticoagulation therapy 
than in those who do not,” and is achieved in 60% of patients, 
especially when PVT is nonocclusive.”” Moreover, anticoagulation 
therapy appears to be safe in these patients.” Anticoagulation 
should be maintained until liver transplant to prevent recurrence 
of thrombosis.” An algorithm for the management of PVT in 
patients with cirrhosis based on the available data is presented in 
Fig. 45-5. 

Anticoagulation therapy may be beneficial in patients with 
cirrhosis, by decreasing decompensation and prolonging survival 
independently from preventing extrahepatic PVT itself.” This 
promising beneficial effect of anticoagulation therapy needs to be 
confirmed in further studies. 

The best options for anticoagulation therapy and its monitor- 
ing in patients with cirrhosis remain to be defined. Low molecular 
weight heparin appears to be safe. Compared with noncirrhotic 
controls, in patients receiving low molecular weight heparin, 
higher antithrombin levels contrasting with lower anti-Xa activity 
levels have been reported, a response related to the severity of liver 
disease.” The alternative option consists of oral vitamin K antago- 
nists, aiming at an international normalized ratio of 2 to 3. 
However, the international normalized ratio to assess hypocoagu- 
lability in patients with liver disease remains unclear. Experience 
with new direct oral anticoagulant agents in patients with cirrhosis 
is still limited. 


Transjugular Intrahepatic Portosystemic Shunt 

TIPS is feasible in 73% to 100% of patients with PVT as long as 
intrahepatic branches of the portal vein are visible.” In the 
reported studies, the indications for TIPS insertion consisted of 
refractory complications of portal hypertension, not PVT by 
itself. No comparison with anticoagulation therapy alone has been 
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e Fig. 45-5 Proposed algorithm for the management of anticoagulation 
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performed. Comparison of TIPS patients with patients who did 
not have PVT did not reveal any difference in outcome.”*”° Thus 
PVT is not a contraindication to TIPS insertion in patients with 
refractory ascites or recurrent bleeding. TIPS insertion might be 
considered in patients with thrombus extension receiving antico- 
agulant therapy, with recurrent or refractory bleeding, or with 
refractory ascites, as depicted in Fig. 45-5. 


Portal Vein Thrombosis in Children 


Epidemiology 


Extrahepatic portal vein obstruction accounts for approximately 
60% of cases of portal hypertension in children in developing 
countries, but only 10% to 20% in the West.” The idea that 
extrahepatic portal vein obstruction in this age group always 
results from thrombosis, as opposed to it having a congenital 
origin, has not been fully documented and is still debated. Other 
malformations, particularly cardiac, may be present in up to 30% 
of children with extrahepatic portal hypertension.” 


Etiology 


Local factors are the most frequently recognized causes of PVT 
in children, including umbilical vein catheterization, omphalitis, 
and intraabdominal infections. ®™®! Splenectomy has been 
incriminated, especially when B-thalassemia was the indication.” 
The influence of hereditary thrombophilias is debated. Factor V 
Leiden mutation, G20210A prothrombin gene mutation, and 
MTHFR mutation have been found in 0% to 30%, 0% to 15%, 
and 4% to 30% of the children with PVT, respectively, mostly in 
a heterozygous state.'"’ Mildly decreased levels of protein C, 
protein S, and antithrombin likely result from impaired liver 
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function or portosystemic shunting rather than from inherited 
deficiency.” Myeloproliferative disorders and antiphospholipid 
syndrome are extremely rare in children. No underlying cause 
could be identified in approximately 50% of children with PVT.'° 


Manifestations 


A bimodal age of presentation has been described in children with 
PVT: PVT related to umbilical vein catheterization or omphalitis 
usually manifests itself early (before 3 years old), by contrast with 
idiopathic PVT or PVT related to abdominal infections, which 
manifest themselves later (approximately 8 years old).” 

Upper gastrointestinal bleeding is the initial clinical manifesta- 
tion in approximately 50% of PVT children.””'”” More than 70% 
of patients have experienced at least one episode of first or recur- 
rent variceal bleeding.’ Bleeding episodes recur in 46% of 
patients.” On first endoscopy, esophageal and gastric varices 
were present in 90% and 64% of patients, respectively.” 

Splenomegaly is the secod major clinical manifestation of PVT 
(30% to 60%).??'° Hypersplenism results in leukopenia, anemia, 
and thrombocytopenia.’ Portal cavernoma cholangiopathy— 
related symptoms may occur in patients with a long-standing 
disease, and therefore usually happen in adulthood, even in 
patients with childhood portal cavernoma. 

Growth retardation is observed in 30% to 50% of children 
with PVT, and is associated with the duration of portal hyperten- 
sion.'”’ It is unclear whether growth retardation is a direct com- 
plication of PVT—as a consequence of the reduced portal blood 
supply and portosystemic shunting—or a consequence of recur- 
rent bleeding or portal cavernoma cholangiopathy. 


Outcome 


The outcome of children with PVT is usually good. However, 
long-standing PVT is associated with impaired quality of life, 
progressive liver dysfunction, minimal hepatic encephalopathy, 
and portal cavernoma cholangiopathy.”’ 


Management 


Medical Therapy 

The utility and safety of anticoagulation therapy in children with 
PVT are unknown. Prothrombotic conditions do not seem to 
play a major role in the occurrence of PVT. In neonates with 
acute PVT, mostly related to umbilical vein catheterization, anti- 
coagulation did not reduce the development of portal hyper- 
tension. Thus anticoagulation should be considered in only 
children in whom a persistent prothrombotic condition has been 
diagnosed. 

Propranolol therapy is not recommended because of insuffi- 
cient data and practical issues related to adherence.'”” Reported 
bleeding rates were 15% and 33% when beta-blockers were used 
for primary and secondary prophylaxis, respectively.'°° Endo- 
scopic band ligation is technically possible in children as young 
as 8 months. Temporary occlusion by protruding ligated varices 
has been reported. '”’ 


Surgery 

The introduction of the mesenteric—left portal vein bypass, the 
so-called Rex shunt, has challenged the traditional conservative 
approach using surgery only in children in whom endoscopic 
therapy failed or with severe hypersplenism. The Rex shunt 
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restores physiologic hepatopetal portal flow by bringing mesen- 
teric and splenic venous blood around the obstructed portal tract, 
through the interposition of an autologous jugular vein into a 
patent left portal vein in the Rex recessus.'°” The Rex shunt has 
been shown to correct the decreased coagulation factors levels, "°° 
to improve minimal hepatic encephalopathy,'”” and to be accom- 
panied with an improved growth.” Thus the feasibility of the Rex 
shunt should be evaluated in all children with PVT. 


Isolated Splenic Vein Thrombosis 


Isolated splenic vein thrombosis specifically occurs in patients 
with acute or chronic pancreatitis. Splenic vein thrombosis is 
found in up to 35% of such patients.*"''® Acute pancreatitis and 
pancreatic pseudocysts have been found in 90% of patients with 
splenic vein thrombosis.''° In a recent study on alcoholic pancre- 
atitis, inflammation and tobacco were risk factors for thrombosis, 
whereas thrombophilia was not.” 

Most patients are asymptomatic, Rarely, so-called left-sided, or 
sinistral, portal hypertension develops,''' including bleeding from 
esophageal or isolated gastric varices, and splenomegaly." In this 
syndrome the gastric veins act as hepatopetal collaterals and 
esophageal varices act as splenosystemic collaterals. 

Recanalization occurs in less than 20% of patients with acute 
thrombosis, whether or not they were treated with anticoagulation 
therapy.” Thus, even in recent thrombosis, the benefit of antico- 
agulation therapy is far from established. The risk of bleeding 
associated with pseudocysts should be closely considered. Neither 
nonselective beta-blockers nor endoscopic treatments as prophy- 
laxis of variceal bleeding have been evaluated in the context of 
sinistral portal hypertension. In patients with symptomatic sinis- 
tral portal hypertension, splenectomy eliminates the collateral 
outflow and the risk of bleeding. In patients undergoing pancre- 
atic surgery, sinistral portal hypertension is associated with 
increased mortality, due to variceal bleeding.''' Thus concomitant 
splenectomy should be considered in patients undergoing surgical 
treatment of symptomatic chronic pancreatitis if portal hyperten- 
sion is also present. 


Conclusion 


In patients without liver disease, PVT per se is usually a benign 
disease. Prognosis is mostly determined by the underlying condi- 
tions and extension to the superior mesenteric vein. Early diagno- 
sis allowing early anticoagulation therapy has been accompanied 
by an improvement in outcome through a dramatic decrease 
in the incidence and severity of intestinal ischemic complications. 


However, the incidence of permanent portal hypertension remains 
high because of the frequent failure of recanalization. In patients 
with chronic PVT, portal hypertension and portal cavernoma 
cholangiopathy can usually be easily managed with conserva- 
tive therapies. PVT is mainly a disease of childhood or young 
adulthood; therefore the prognosis of such patients with long- 
standing disease will require further evaluation. In patients with 
cirrhosis, PVT is associated with severe liver disease. However, a 
direct causal relationship between the development of PVT and 
liver disease severity is doubtful. Additional studies for a better 
understanding of this relationship are needed. In patients with 
chronic PVT, with or without cirrhosis, whether anticoagula- 
tion is of benefit for long-term outcome in the absence of strong 
prothrombotic conditions requires investigation in randomized 
controlled trials. 


SUMMARY 


Recent Progress 

e Noninvasive imaging techniques—namely, CT scan and magnetic 
resonance angiography—have become the reference for the diagnosis 
of PVT. Magnetic resonance cholangiography has become the reference 
technique for the diagnosis of portal cavernoma cholangiopathy 

e The outcome of patients with acute PVT has dramatically improved in 
the past few decades, thanks to early diagnosis allowing early 
anticoagulation. 

e Anticoagulation does not increase the risk of variceal bleeding in 
patients with chronic PVT under adequate prophylaxis. 


Key Knowledge Gaps 

e The long-term outcome of patients with chronic PVT remains unclear. 
Precisely, the incidence of liver dysfunction and that of hepatic 
encephalopathy need to be assessed. 

e The feasibility and benefit of the Rex shunt in adults is unknown. 

e The feasibility and benefit of transjugular portal vein thrombolysis and 
thrombectomy is unknown. 


Future Direction 

e Randomized controlled studies are needed to evaluate the efficacy of 
long-term anticoagulation in patients with chronic PVT, as well as in 
those with cirrhosis. 
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ABBREVIATIONS 


DM diabetes mellitus 

EGF epidermal growth factor 

HBV hepatitis B virus 

HCC hepatocellular carcinoma 

HCV hepatitis C virus 

HDV hepatitis D virus 

IGF insulin-like growth factor 

LI-RADS Liver Imaging Reporting and Data System 
PDGF platelet-derived growth factor 

SEER Surveillance, Epidemiology, and End Results 
VEGF vascular endothelial growth factor 


Introduction 


Hepatocellular carcinoma (HCC) is the most common primary 
liver cancer, with an incidence rate climbing each year. With 
limited treatments available for advanced disease, early detection 
is paramount to offer curative therapies and improve overall sur- 
vival. Research is ongoing to identify biomarkers and genetic 
factors that may one day improve risk stratification, treatment, 
and recurrence rates. 


Epidemiology 


Worldwide, HCC is the sixth most common cancer and accounts 
for 5.6% of all cancer diagnoses. It is the second most common 
cause of cancer death, resulting in approximately 746,000 deaths 
(9.1%) in 2012. HCC is the fifth most common cancer in men 
(7.5% of total cases) and the ninth most common in women 
(3.4%). 

The greatest burden of HCC comes from developing countries, 
with 80% of occurrences originating in Asia and Africa, as shown 
in Figs. 46-1 and 46-2. In 2012, China alone accounted for 50% 
of all cases worldwide.’ Mongolia has the highest incidence rate, 
with an age-standardized rate of 78.1 per 100,000. Other coun- 
tries with high incidence rates include Laos (52.6 per 100,000), 
Gambia (25.8 per 100,000), Egypt (25.6 per 1000,000), Vietnam 
(24.6 per 100,000), South Korea (22.8 per 100,000), and Thai- 
land (22.3 per 100,000). High rates of HCC reflect the prevalence 
of hepatitis B virus (HBV), which infects more than 5% of indi- 
viduals in these regions.” HBV and hepatitis C virus (HCV) 
account for 32% of infection-related cancers in less developed 
countries and 19% in more developed countries.’ Aflatoxin from 


668 


contaminated food is a common risk factor for HCC and accounts 
for the higher burden in less developed countries. The lowest 
incidence of HCC is southern central Asia and Europe. Although 
HCC is highly prevalent in Asian countries, incidence rates have 
been declining during the past decade because of awareness of 
these risk factors. Through greater efforts to vaccinate individuals 
against HBV initiated in the 1980s, China has had a significant 
decline in HCC incidence.* In Japan, the decreased incidence of 
HCC has been attributed to declining rates of HCV infection.’ 

HCC incidence has been rising in regions with historically low 
rates, such as western Europe and North America. In the United 
States, HCC incidence has tripled since the 1980s and HCC has 
been the fastest rising cause of cancer death.° The increasing 
prevalence of HCV, and to a lesser degree diabetes and nonalco- 
holic fatty liver disease, accounts for the rise in the number of 
cases seen in the United States.’ This increase in HCC incidence 
corresponds with a molecular clock study that predicted the 
beginning of the HCV epidemic in the United States in the 
1960s, with its peak suspected in the latter part of the 1980s and 
a peak of HCV-induced cirrhosis in 2020.° Incidence rates per 
the population-based Surveillance, Epidemiology, and End Results 
(SEER) registry data for HCC increased from 3.1 per 100,000 
persons in 1992 to 6 per 100,000 individuals in 2010.’ There is 
a noted geographic influence on HCC incidence in the United 
States, with increasing rates from north to south (Fig. 46-3), with 
one study showing HCC incidence rates of 10.6 per 100,000 
individuals in Texan Latinos.'°"! 

There has been a change in the epidemiology of HCC in the 
United States. Although Asian males have the highest age-adjusted 
incidence rate, they have the lowest proportional increase. In 
contrast, Hispanic males have the largest proportional increase 
in HCC incidence. Among the Hispanic population, those born 
in the United States have higher rates than those born outside the 
United States.'* The age at the time of diagnosis of HCC has 
shifted toward a younger age, with the highest proportion of 
patients being 45 to 60 years of age (see Fig. 46-1). HCV still 
represents the dominant etiologic factor, seen in 30% to 60% of 
HCC patients, followed by metabolic syndrome (20-50%), alco- 
holic liver disease (20-30%), and HBV (10-15%).'° An increase 
in mortality has been seen across all ethnicity groups; however, 
certain groups have higher mortality rates dependent on age. 
Among those aged 35 to 49 years and those older than 65 years, 
Asian Americans and Pacific Islanders had the highest mortality 
rates (2.8 and 43.2 per 100,000, respectively). In the 50- to 
64-year-old age group, African Americans had the highest mortal- 
ity rate (18.6 per 100,000). 


‘5 years prevalence 
proportions per 100,000 
(both sexes) 


Liver cancer 


E 9.44 
ll 6.6-9.4 
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e Fig. 46-1 Worldwide prevalence of hepatocellular carcinoma. (Data from Bray F, Ren JS, Masuyer 
E, et al. Estimates of global cancer prevalence for 27 sites in the adult population in 2008. Int J Cancer 


2013;132[5]:1133-1145.) 
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e Fig. 46-2 Worldwide incidence of hepatocellular carcinoma by sex. 


(Data from Torre LA, Bray F, Siegel RL, et al. Global cancer statistics, 
2012. CA Cancer J Clin 2015;65[2]:87-108.) 


Data collected from 2009 to 2011 have shown that the inci- 
dence rate has begun to stabilize in the United States.'* A recent 
study reported on an emerging trend in the decelerating U.S. 
incidence of HCC that began in 2006 with a nonsignificant 
increase in HCC. A recent study reported on an emerging trend 
in the decelerating U.S. incidence of HCC since 2006. Altekruse 
et al.“ hypothesized that the peak of HCC incidence may be 
approaching. Early detection and screening, combined with the 
ability to offer potentially curative treatments, resulted in a sig- 
nificant improvement in survival of patients with HCC from 
1973 to 2010.” 

HCC is more common in men, with male: female incidence 
ratios that can be anywhere from 2:1 to 5:1 depending on the 
country. The degree of gender disparity depends on HCC inci- 
dence rates. Countries with lower incidence rates have the greatest 
gender disparity. In the United States men are three times more 
likely than women to develop HCC. The reason for this is poorly 
understood, but has been hypothesized to be from differences in 
sex steroid hormones and the effect of interleukin-6.'°"” 


Risk Factors 


HCC has well-known risk factors that vary depending on the 
geographic region. Whereas viral hepatitis is the primary risk 
factor for HCC in Asia and Africa, fatty liver disease and obesity 
are the primary risk factors in North America and western 
Europe. The global trend in HCC incidence is closely intertwined 
with the length of time these risk factors have been observed 
in human populations. Whereas HBV and HCV have been 
present for 33,600 years and 1000 years, respectively, obesity and 
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Age-adjusted 
death rate 


e Fig. 46-3 Age-adjusted mortality rates for hepatocellular carcinoma per 100,000 by state from 2006 
to 2010. (Data from Altekruse SF, Henley SJ, Cucinelli JE, et al. Changing hepatocellular carcinoma 
incidence and liver cancer mortality rates in the United States. Am J Gastroenterol 2014;109:542-553.) 


metabolic syndrome became a global problem in the twentieth 
century.'*? 


Hepatitis B 


Hepatitis B affects more than 350 individuals worldwide and 
accounts for approximately 50% of all HCC cases and 75% to 
80% of virus-associated HCC.”*' HBV carriers have a 5- to 
15-fold increased risk of HCC compared with the general popu- 
lation. While HCC can also develop in the absence of cirrhosis, 
70% to 90% of carriers develop HCC in the setting of cirrhosis.” 
In endemic areas, such as Asia and Africa, all childhood cases of 
HCC are typically in the absence of cirrhosis and are related to 
vertical transmission of HBV. When HBV is vertically transmit- 
ted, it causes chronic infection in up to 90% of infected patients.‘ 
HBV is a partially double-stranded circular DNA virus whose 
integration into the human genome results in HCC.**”* It is 
thought to have carcinogenic effects by inducing chronic inflam- 
mation in hepatocytes.” 

Among carriers of HBV, several risk factors have been identi- 
fied that increase the risk of developing HCC. Cirrhosis, a family 
history of HCC, exposure to aflatoxin, alcohol, or tobacco, and 
coinfection with HCV or hepatitis D virus (HDV) are all inde- 
pendent risk factors for HCC. 

Nomograms have been developed to predict the risk of HCC 
development on the basis of the characteristics of the virus itself. 
Those with hepatitis B e antigen seropositivity, 100,000 or more 
copies of HBV DNA, and Genotype C have the highest risk.” 
Numerous studies have also shown a correlation with elevated 
HBV DNA levels and the risk of developing HCC.” In the Risk 
Evaluation of Viral Load Elevation and Associated Liver Disease/ 
Cancer-HBV (REVEAL-HBV) study, 4155 hepatitis B surface 
antigen-seropositive adults were followed up from 1992 to 2004 


and it was found that, besides cirrhosis, HBV DNA was the 
strongest independent predictor of progression to HCC. The risk 
was greatest among those who had 1 x 10° copies or more per 
milliliter.” Although they have lower risk, inactive carriers of 
HBV still have a higher risk of developing HCC than those with 
chronic liver disease who are hepatitis B surface antigen negative. 
Furthermore, 1932 patients with fewer than 10,000 copies of 
HBV DNA were followed up for 13 years and were found to have 
an increased risk of HCC compared with matched noncarriers 
(hazard ratio 4.6, 95% confidence interval [CI] 2.5-8.3).” 

Higher rates of HCC have been observed in those who have 
mutations within the HBV genome that encode a basal core 
promoter, BCP T1762/A1764.*” HBV genotype may also play a 
role in the development of HCC. There are eight known HBV 
genotypes (A through H).*’ Genotypes B and C are the most 
common in Asia; Genotype C has the highest association with 
HCC, and Genotype B is associated with the development of 
HCC in the absence of cirrhosis.” A study followed up 460 HBV 
carrier children for 15 years and found that in the 26 patients 
who developed HCC, 79% were Genotype B.” 

Treatment of HBV with successful development of antibodies 
against hepatitis B surface antigen and hepatitis B e antigen can 
result in a lower risk of HCC. Although this did not reach statis- 
tical significance, a meta-analysis of 1187 patients who received 
interferon for treatment of hepatitis B revealed a lower incidence 
of HCC after 5 years of follow-up (1.9% [CI 0.8-3%] vs. 3.2% 
[CI 1.8-4.5%]).°“ In Asian countries where vertical transmission 
is the primary mechanism for spread of HBV, immunization 
programs have played a critical role in decreasing the burden of 
HCC. In 1984 Taiwan began an immunization program that 
resulted in a significant reduction in HCC incidence that has 
lasted for more 30 years. In 2003 Taiwan began a large-scale 
treatment program for both hepatitis B and hepatitis C which 


resulted in a 2% to 5% reduction in incidence and mortality 
by 2011.” 


Hepatitis C 


Hepatitis C affects an estimated 180 million individuals world- 
wide, with high prevalence in Asia, North Africa, the Middle East, 
and North America. HCV is responsible for 10% to 20% of virus- 
associated HCC.” HCV is a nonintegrating, single-stranded 
RNA virus which causes repetitive hepatocellular injury that can 
induce malignant transformation of hepatocytes as injured cells 
regenerate. The virus is mainly transmitted through exposure to 
bodily fluids via intravenous drug use, tattoos and piercing, blood 
transfusions, and less commonly sexual intercourse.” The risk of 
developing HCC is 15 to 20 times higher in patients with HCV 
compared with uninfected individuals. Unlike those with HBV, 
HCC in this group of patients rarely occurs in the absence of 
significant fibrosis or cirrhosis. In cohort studies the rate of HCC 
in patients infected with HCV is 1% to 3% over 30 years.'? With 
known cirrhosis, HCC typically develops at a rate of 1% to 4% 
annually, with rates as high as 8% in Japan. Markers of HCV are 
found with differing frequency in patients with HCC; in 80% to 
90% of Japanese patients, in 44% to 66% of Italian patients, and 
in 30% to 50% of U.S. patients.” 

A combination of viral, host, and environmental factors play 
a role in progression to cirrhosis and ultimately HCC. HCV 
eradication can reduce the risk of HCC development, with studies 
showing a 57% to 75% reduction of HCC risk in patients treated 
with interferon who achieved a sustained viral response (SVR).”” 
No evidence currently exists for a correlation between viral load 
and risk of HCC. Among the six HCV genotypes, a meta-analysis 
of 21 studies showed that Genotype 1b was found to have a 
pooled relative risk of 1.78 of developing HCC.” Mixed data 
from retrospective cohort studies exist for patients coinfected with 
HCV and human immunodeficiency virus; however, it is clear if 
coinfection accelerates hepatic fibrosis.” Two meta-analyses have 
shown that coinfection with HBV increases HCC risk. A Chinese 
study comparing 3201 patients with viral hepatitis with 4005 
controls showed an odds ratio of 14.1 for hepatitis B surface 
antigen positivity, 4.6 for HCV RNA positivity, and 35.7 for 
coinfected patients.“ 

Treatment of HCV infection decreases but does not eliminate 
the risk of HCC. A systematic review of 30 observational studies 
compared patients with SVR with patients without a response to 
therapy. SVR was associated with a risk reduction for patients 
both with and without cirrhosis. In those without cirrhosis, HCC 
developed in 1.5% of patients with SVR compared with 6.2% of 
patients without SVR. In cirrhotic patients, HCC developed in 
4.2% of patients with SVR compared with 17.8% of patients 
without SVR.” Elevated alpha fetoprotein (AFP) levels, throm- 
bocytopenia, and advanced fibrosis are independent risk factors 
for HCC in patients who have achieved SVR.“ Further research 
will be needed to understand how these medications will change 


the burden and alter the risk of HCC. 


Cirrhosis 


Cirrhosis from all causes is one of the most important risk factors 
that can predispose patients to developing HCC. Among patients 
with HCC, cirrhosis is found on 80% to 90% of patient autop- 
sies.“ A prospective trial of cirrhotic patients identified risk factors 
associated with the development of HCC, which included 
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prothrombin activity of less than 75%, age greater than 55 years, 
a platelet count of less than 75,000/UL, and the presence of 
HCV.“ 


Obesity 


The initial study linking obesity to liver cancer was a prospective 
cohort study that followed up more than 900,000 individuals in 
the United States for 16 years. In men, a body mass index of at 
least 35 kg/m? increased the risk of death from cancer in general, 
but it was most pronounced in liver cancer, with a risk of 4.52 
(95% CI 2.94-6.94). The risk was lower in women at 1.6 (95% 
CI 0.93-3.05).*° Subsequent meta-analyses of observational and 
cohort studies have continued to show strong associations between 
obesity and HCC. A meta-analysis of 26 prospective observational 
studies showed that excess body weight (summary relative risk 
1.48, 95% CI 1.31-1.67) and obesity (summary relative risk 1.83, 
95% CI 1.59-2.11) are associated with an increased risk of HCC 
in both men and women independent of diabetes, HBV/HCV 
infection, alcohol use, and geographic location.“ Interpretation 
of these studies is limited because of the prevalence of obesity in 
the general population and the fact that body mass index is com- 
monly used in most studies as a marker of obesity. The EPIC 
study, a European multicenter prospective study using waist-to- 
height ratios as a surrogate marker of obesity, found that specifi- 
cally central obesity is strongly associated with HCC independent 
of general body weight.“ 

Obesity is a state characterized by subclinical inflammation 
and hyperinsulinemia. Although the mechanism of obesity- 
induced HCC remains unknown, inflammation and hyperinsu- 
linemia are the two mechanisms that have been postulated. 
Adipose tissue produces mediators such as interleukin-6, tumor 
necrosis factor Œ, and leptin, which induce macrophage recruit- 
ment. These macrophages induce inflammation in the adipose 
tissue, and over time injure hepatocytes.” Also present in adipose 
tissue is adiponectin, which has been found to be protective 
against carcinogenesis by decreasing inflammation and promoting 
apoptosis.” Adiponectin is inversely correlated with the degree of 
visceral fat; thus patients with obesity may have a higher risk of 
HCC because of the imbalance between the inflammatory cyto- 
kines and the protective adipokines.”' Adipose tissue also activates 
the insulin-like growth factor 1 (IGF-1) axis, promoting high 
levels of circulating insulin. Both IGF-1 and insulin have protu- 
morigenic properties, possibly through the phosphoinositide 
3-kinase (PI3K) pathway.” 

The first study to examine surrogate markers of HCC was a 
case-control study of 125 HCC patients compared with matched 
controls, which showed higher levels of C-reactive protein, 
interleukin-6, and C peptide in HCC specimens. The risk of 
HCC ranged from 1.22 to 2.25 for doubling of the level of each 
significant biomarker.” As the prevalence of obesity increases, this 
may translate into a higher burden of HCC. 


Diabetes 


Diabetes mellitus (DM) is another component of metabolic syn- 
drome, and DM is associated with HCC independently, as well 
as with its contribution to the development of HCC from nonal- 
coholic steatohepatitis (NASH) cirrhosis. Given the association of 
IGF-1, insulin, and C peptide in the pathogenesis of HCC, it is 
not surprising that diabetes has been shown to be a risk factor in 
the development of HCC. Meta-analyses of case-control studies 
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have shown a 2- to 2.5-fold greater risk of diabetic patients devel- 
oping HCC compared with nondiabetic controls independent of 
viral hepatitis and alcohol.**”’ Given that 10% to 20% of patients 
with cirrhosis have glucose intolerance and diabetes, case-control 
studies are difficult to interpret because they cannot discern tem- 
poral relationships. The largest cohort of more than 100,000 U.S. 
veterans with diabetes confirmed diabetes as an independent risk 
factor when it showed that the incidence of HCC doubled among 
patients with diabetes and increased with longer duration of the 
diabetes.” In contradiction to this, another study showed that a 
DM duration of less than 6 years was associated with a higher 
tisk of HCC.” Another retrospective cohort study of 51,705 
patients in Taiwan showed that hemoglobin Alc (HbAIc) was 
independently associated with HCC incidence with a hazard ratio 
of 1.2 (95% CI 1.02-1.41) for patients with a hemoglobin Alc 
level of 9% or greater compared with those with a hemoglobin 
Alc level of less than 7%.” The link has further been strength- 
ened by studies which show improved outcomes in HCC with 
diabetic control. A systematic review of 10 studies looking at 
the ability of diabetic medications to lower HCC risk showed 
a 50% reduction of HCC incidence with metformin use (odds 
ratio 0.5, 95% CI 0.34-0.73). However, the studies included in 
that review had significant heterogeneity and post hoc inclusion 
of only randomized controlled trials did not show as strong an 
association.” 


Nonalcoholic Fatty Liver Disease 


Given that obesity and diabetes are risk factors for HCC, it is not 
surprising that nonalcoholic fatty liver disease has emerged as a 
disease entity that is prone to develop into HCC. Nonalcoholic 
fatty liver disease affects 30% of the U.S. population and ranges 
from simple steatosis to steatohepatitis (NASH).°° In patients 
with HCC who require liver transplant, NASH is currently the 
second most common cause cited and the most rapidly rising 
indication.“ Although NASH can lead to HCC by virtue of 
causing cirrhosis, it has been well documented that HCC can 
develop in patients with nonalcoholic fatty liver disease/NASH 
who have no evidence of cirrhosis. The presentation of HCC in 
patients with metabolic syndrome violates the typical assumptions 
for the pathogenesis of obesity-related HCC. A cross-sectional 
study from Japan showed that of the 87 patients with HCC and 
biopsy-proven steatohepatitis, 43 did not have cirrhosis. HCC 
arising from hepatic steatosis alone has also been documented.” 
The pathogenesis is not entirely understood but is felt to be from 
a proinflammatory state induced by adipose tissue. Despite reports 
of HCC developing in fatty liver without cirrhosis, a systemic 
review spanning 20 years found the risk of HCC to be predomi- 
nately among those with cirrhosis.“ The American Association for 
the Study of Liver Disease (AASLD) does not recommend screen- 
ing for noncirrhotic nonalcoholic fatty liver disease/NASH.” 


Alcohol 


Alcohol is an independent risk factor for HCC; however, it pri- 
marily causes HCC indirectly by promoting chronic liver disease 
and progression to cirrhosis. Alcohol may have some direct effects 
through oxidative stress when it is metabolized by aldehyde dehy- 
drogenase into acetaldehyde and toxic free radicals. Differences in 
gene expression (CYP2E1) for alcohol dehydrogenase have been 
observed among drinkers with and without HCC.” The exact 
dose of alcohol is not entirely clear; however, it is apparent that 


higher doses increase the risk of HCC. A study in the United 
Kingdom prospectively followed up more than 1 million middle- 
aged women for 7 years who consumed on average 10 g of alcohol 
daily and found that even mild to moderate amounts increased 
the risk of liver cancer (24%, 95% CI 2-51%).° A study con- 
ducted in Italy comparing 464 patients with HCC with 824 
controls without liver disease examined the relationship between 
alcohol consumption and HCC. There was a linear increase in the 
odds ratio with alcohol consumption for doses of more than 60 g. 
That study also noted a synergistic effect of alcohol and viral 
hepatitis, more pronounced with HCV than with HBV.°° This 
relationship may be because alcohol is known to accelerate fibrosis 
and hepatic decompensation in patients with HCV.” Multiple 
studies have shown that the increased risk of HCC is present only 
in patients who have stopped drinking alcohol (odds ratio 4-5) 
and not in those who are actively drinking alcohol (odds ratio 0). 
This may be because patients are likely to quit drinking alcohol 
when they develop complications from liver disease.” The risk 
of HCC in alcoholic cirrhosis may be lower than previously 
thought. Higher incidence rates may have been confounded by 
superimposed viral hepatitis. In a recent study the annual inci- 
dence was reported to be 2.5%. Platelet counts lower than 
125,000/uL and age older than 55 years were risk factors for 
HCC in alcohol-induced cirrhosis.” 


Smoking 


Studies have had inconsistent results as to the whether there is an 
association between tobacco use and HCC. Several large cohort 
studies found that tobacco use increased the risk of HCC. A large 
prospective Singapore Chinese health study followed up 61,321 
individuals for 9 years, diagnosing 394 cases of HCC. After hepa- 
titis and alcohol use had been controlled for, active smokers were 
found to have a significantly higher risk of developing HCC when 
compared with nonsmokers (hazard ratio 1.85). In 2004 the 
International Agency for Research on Cancer concluded that there 
was sufficient evidence to link tobacco use with liver cancer.” A 
prospective study of 210 cirrhotic patients with and without 
HCC showed a fivefold increased risk of HCC among smokers.” 
Smoking has also been linked to inferior outcomes in patients 
with HCC. Preoperative smoking status was an independent risk 
factor for death related to both liver complications and infectious 
complications after hepatic resection, which was most pronounced 
in those with cirrhosis.” 


Aflatoxin 


Aflatoxin is a mycotoxin produced primarily by fungi of the genus 
Aspergillus that has been found to contaminate foods such as corn, 
soy beans, and peanuts when stored in damp environments.” Of 
the four types of aflatoxin (Bı, Bs, Gi, G3), aflatoxin B, has been 
shown to be the primary carcinogen in the development of 
HCC.” Aflatoxin B, has been classified by the International 
Agency for Research on Cancer as a Class 1 carcinogen.” Follow- 
ing ingestion of aflatoxin B,, it is metabolized to aflatoxin B; 
exo-8,9-epoxide, which causes damage when it binds to DNA. 
Specifically, the metabolite acts at codon 249, which results in a 
mutation of the tumor suppressor gene P53. Inhibition of p53 
results in uninhibited growth of liver cells and ultimately the 
development of HCC. This mutation has been observed in 
30% to 60% of tumors from aflatoxin-endemic areas.” Aflatoxin 
is primarily found in certain regions of Asia and Africa, and 


contributes to the increased prevalence of HCC in those regions. 
HBV is also prevalent in these regions and has been found in 
cohort studies to have a synergistic effect with aflatoxin to increase 
HCC risk. In a Shanghai cohort, the relative risk with exposure 
to both aflatoxin and HBV was 59.4% (95% CI 16.6-212%).*° 


Prevention 


Chemoprevention 


Recent evidence has suggested a role for chemoprevention against 
HCC; however, there are few randomized controlled trials that 
confirm such findings. 


Coffee 


Coffee consumption has been suggested to have protective effects 
on the liver. 

The inverse association between coffee and HCC has been 
demonstrated in numerous case-control and cohort studies.*' A 
multiethnic cohort study in the United States that prospectively 
followed up more than 200,000 participants found that those who 
drank two to three cups of coffee per day had a 38% risk reduc- 
tion for HCC (risk reduction [RR] = 0.62) when compared with 
those who do not drink coffee. Those who drank more than four 
cups of coffee per day had a 71% risk reduction (hazard ratio 
0.29). A European multicenter prospective study also showed 
similar risk reductions for coffee consumers but also a risk reduc- 
tion for those consuming tea (RR = 0.41). These trends were seen 
even when other known risk factors such as HBV, HCC, and 
obesity were controlled for.” Consumption of decaffeinated coffee 
or other caffeinated beverages has not been shown to result in a 
statistically significant risk reduction. The exact mechanism is 
difficult to ascertain as coffee contains thousands of components.” 
The three main components of coffee that appear to play the 
greatest role are caffeine, diterpenes (specifically cafestol and 
kahweol), and chlorogenic acid.” In addition to its antioxidant 
properties, caffeine is a nonselective adenosine receptor antagonist 
which may act by blocking the PI3K-AKT pathway of carcino- 
genesis.” Coffee has also been shown to reduce the risk of end- 
stage fibrosis and cirrhosis, which in return may also reduce the 


risk of HCC.” 


Statins 


Observational studies suggest a possible chemopreventive effect 
against HCC: however, there are many confounding biases that 
may have led to these results.” A meta-analysis of 10 observational 
studies showed a 41% reduction in HCC risk with statin use that 
was not observed with other lipid-lowering agents.*” However, 
there was significant geographic heterogeneity with regard to these 
findings. The largest positive observational study included in that 
meta-analysis was the study by Tsan et al.” from Taiwan, who 
showed a dose-dependent reduction of HCC risk in patients with 
HBV infection. For a statin use duration of 28 days to 90 days, 
91 days to 365 days, and more than 365 days the hazard ratios 
were 0.66, 0.41, and 0.34, respectively.” Randomized controlled 
trials using statins as chemoprevention for all types of cancer have 
found an associated risk reduction.”'”’ Studies specific to HCC 
were underpowered and thus did not allow any distinct conclu- 
sions to be drawn, but did not show a significant risk reduction 
with statin use. 
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Pathogenesis 


Several pathways have been associated with the development of 
HCC and are shown in Fig. 46-4. These pathways have served as 
the initial targets for systemic therapy development. 


Mitogen-Activated Protein Kinase Pathway 


The Ras—mitogen-activated protein kinase pathway is a cellular 
signaling pathway primarily involved in cell growth and differen- 
tiation and is a common downstream pathway for multiple tyro- 
sine kinase receptors. Mitogen-activated protein kinase pathway 
activation occurs when external growth factors bind these tyrosine 
kinase receptors. The most common tyrosine kinase receptors are 
epidermal growth factor (EGF) receptor, vascular endothelial 
growth factor (VEGF) receptor, platelet-derived growth factor 
(PDGF) receptor, and IGF receptor. Growth factors that bind 
these receptors induce a phosphorylation cascade which in turn 
activates the adapter molecular complex GRB2-SHC-SOS. This 
complex subsequently activates GTPases and the proto-oncogenes 
Ras and Raf, which cause downstream activation of MEK 1/2 and 
ERK 1/2. This pathway ultimately leads to up-regulation of gene 
transcription by the transcriptional activators c-jun and c-fos, 
which stimulate cell proliferation.” ERK has also been shown 
to phosphorylate proteins involved in cell growth, apoptosis resis- 
tance, and angiogenesis.” One study reported that 30% of HCC 
tumors had Ras mutations.” Overexpression of this pathway has 
been observed in HCC, especially in high-grade tumors.” HBV 
X protein and HCV core protein have also been shown to stimu- 
late this pathway.”*”” Sorafenib was developed on the basis of this 
pathway and blocks the Raf serine/threonine kinase in addition 
to multiple other receptors. °” 


Phosphoinositide 3-Kinase-AKT-Mammalian 
Target of Rapamycin Pathway 


The PI3K-AKT—mammalian target of rapamycin (mTOR) pathway 
also plays a key role in cell growth and regulation. Activation of 
the pathway occurs when the cytokine interleukin-2 and growth 
factors such as IGF and EGF bind to their respective tyrosine 
kinase receptors to activate PI3K. PI3K produces the lipid PIP3b, 
which activates the serine/threonine kinase AKT (also known as 
protein kinase B). AKT phosphorylates several proteins, such as 
the proapoptotic protein BAD, rendering it inactive, and stimu- 
lates the mammalian target of rapamycin (mTOR) family of 
proteins. In turn, mTOR regulates the phosphorylation of P70 
S6 kinase and the translational repressor protein PHAS-1/4EBP, 
which promotes progression through the cell cycle, stimulating 
unrestricted growth and proliferation. Multiple studies have 
confirmed that tumors that contain aberrant expression of the 
pathway components phosphatase and tensin homolog, AKT, and 
pS6 tend to be of higher grade and carry a worse overall prognosis 
when compared with samples with normal expression. ®™'® In 
a study analyzing 314 tissue samples from patients with HCC, 
mTOR signaling activity was found to be present in 50% of the 
samples. '™ 

In HCC, expression of the tumor suppressor gene product 
phosphatase and tensin homolog, which typically blocks PI3K 
activity, is markedly reduced in nearly half of all HCC tumors. 
Inactivation of phosphatase and tensin homolog occurs via gene 
deletion and results in uninhibited PI3K activity and downstream 
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phosphorylation of proteins that inhibit apoptosis and promote 
tumor formation. 


Wnt-B-Catenin Pathway 


Wnts are glycoprotein ligands that activate receptor-mediated 
signaling pathways. In normal functioning cells, Wnt proteins are 
absent. When they are present, they activate membrane receptors 
that inhibit phosphorylation of B-catenin, preventing its degrada- 
tion. The excess B-catenin subsequently translocates into the 
nucleus and activates transcription of multiple genes that stimu- 
late abnormal cellular proliferation.’ Activation of this pathway 
has been demonstrated in 30% to 40% of HCCs, with 12% to 
26% of the mutations due to the B-catenin gene itself.'°° 


Proangiogenic Pathways 


HCC is a vascular tumor, and angiogenesis plays a major role in 
its pathogenesis. Factors such as VEGF, PDGE fibroblast growth 


factor, and hepatocyte growth factor induce signaling via the Ras- 
Raf-mTOR-Wnt pathways. These factors are responsible for the 
vascularization, invasiveness, and metastatic potential of the 
tumor. VEGF receptors 1 and 2 are expressed on endothelial cells, 
and elevated levels are associated with decreased overall survival. 
PDGF is also expressed on endothelial cells and is overexpressed 
in highly metastatic carcinoma.” Fibroblast growth factor is also 
a key driver of angiogenesis, and its expression is significantly 
elevated in patients with HCC compared with healthy controls. 
Patients with high levels of fibroblast growth factor have higher 
rates of postoperative HCC recurrence after resection.’ 


Epidermal Growth Factor Receptor Pathway 


EGFR belongs to the HER receptor family. Binding of ligands 
such as EGF or transforming growth factor © trigger a signaling 
cascade that results in activation of the mitogen-activated protein 
kinase and PIZ3K-AKT-mTOR pathways. Activation through 
this pathway incites cell proliferation, cell adhesion, inhibition 


of apoptosis, and angiogenesis. EGFR is overexpressed in many 
HCC specimens.'''! 


Hepatocellular Carcinoma Surveillance 


Screening tests were developed to identify conditions that, if left 
untreated, will cause substantial morbidity and mortality. Accord- 
ing to the World Health Organization, several key criteria should 
be applied when one is developing a screening test. First, the 
condition must be an important health problem with an accepted 
treatment for patients with the disease of interest. Second, there 
should be a recognizable latent or early symptomatic stage for 
which intervention can be effective in decreasing mortality. Third, 
the cost of testing should be economically balanced in relation to 
possible expenditure. An intervention is considered to be cost- 
effective if it can be achieved at a cost of less than $50,000 per year 
of life gained.''” Surveillance has been found to be cost-effective 
and should be offered to patients with a risk of HCC develop- 
ment greater than greater 1.5% per year.''*''* Groups for whom 
screening should be recommended are shown in Table 46-1. The 
patients with the highest risk of developing HCC are those with 
HBV infection, advanced fibrosis, and cirrhosis. Cirrhosis carries 
a risk of HCC ranging from 2% per year to 7% per year and 
represents the targeted population for HCC surveillance.'”” 

Various risk-scoring systems have been proposed to determine 
the optimal population for HCC screening, shown in Table 46-2. 
Some, such as REACH-B, are specific to HBV, whereas others 
are not limited by the cause of liver disease. The most recently 
published scoring system was devised from pooled analysis of 
three cohorts comprising 12,377 Taiwanese subjects ranging from 
20 to 80 years old. The population was enriched with patients 
with HBV infection. The scoring system took into account age, 
sex, alanine aminotransferase level, a family history of HCC, 
previous chronic liver disease, including viral hepatitis status, and 
cumulative smoking history. Compared with the current guide- 
lines, this scoring system better predicted a 10-year risk of HCC 
development.''° 


Viral Hepatitis 


HCC development has been found in patients with HBV infec- 
tion without the need for cirrhosis. The threshold for initiation 
of screening has been an annual risk of more than 0.2% or a 
10-year risk of 2%. In all patients who are HBV carriers, the 
annual incidence of HCC is 0.5% but increases to 1% after the 
age of 70 years. In cirrhotic carriers the incidence increases to 
2.5%.''’ The REVEAL study clearly demonstrated a biologic gra- 
dient that exists in terms of HCC risk and HBV viral load.” 
Subgroup analysis of HBV carriers has shown that non-Asian 
carriers with low levels of replication and no evidence of cirrhosis 
have a very low risk of HCC. In contrast, Asian carriers are still 
at an increased risk regardless of their replication status.''® The 
same risk profile is seen in patients who lose their surface antigen, 
with a continued increased risk in Asian patients that is not seen 
in Caucasians.''”'”° Current recommendations are to screen Asian 
men with HBV infection at age 40 years and Asian women at age 
50 years. This recommendation is based on a study that showed 
the annual incidence of HCC in male HBV carriers exceeds 0.2% 
at age 40 years.''’ Africans also seem to develop HCC at a younger 
age, and screening should be initiated at the age of 20 years.'*! 
Caucasians with HBV infection and no cirrhosis do not require 
HCC screening, unless they have a family history of HCC. All 
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Groups for Whom Hepatocellular Carcinoma 
Surveillance Is Recommended and Groups for 
Whom the Risk of Hepatocellular Carcinoma Is 
Increased but the Efficacy of Surveillance Has 
Not Been Demonstrated 


Surveillance Recommended 


Asian male hepatitis 0.2 0.4-0.6%/yr 
B carriers older 
than 40 yr 

Asian female 0.2 0.3-0.6%/yr 


hepatitis B carriers 
older than 50 yr 


Hepatitis B carrier 0.2 Incidence higher 
with family history than without 
of HCC family history 

African/North 0.2 HCC occurs at a 


American blacks 
with hepatitis B 


younger age 


Cirrhotic hepatitis B 0.2-1.5 3-8%/yr 
carriers 
Hepatitis C cirrhosis 18 3-5%/yr 
Stage 4 primary 15 3-5%/yr 
biliary cholangitis 
Genetic 1.5 Unknown, but 
hemochromatosis probably > 
and cirrhosis 1.5%/yr 
o4 -antitrypsin 1.5 Unknown but 
deficiency and probably > 
cirrhosis 1.5%/yr 
Other cirrhosis 15 Unknown 
Surveillance Benefit Uncertain 
Hepatitis B carriers 0.2 < 0.2%/yr 
younger than 40 yr 
(males) or 50 yr 
(females) 
Hepatitis C and Stage 1.5 < 1.5%/yr 
3 fibrosis 
Noncirrhotic NAFLD 15 < 1.5%/yr 


HCC, Hepatocellular carcinoma; NAFLD, nonalcoholic fatty liver disease. 
Data from Bruix J, Sherman M. Management of hepatocellular carcinoma: an update. Hepa- 
tology 2011; 53(3):1020-1022. 


patients with HBV cirrhosis regardless of ethnicity or age should 
undergo screening. 

HBV treatment has been shown to reduce HCC incidence. A 
study looking at patients treated exclusively with entecavir showed 
that the 5-year incidence of HCC was substantially lower in 
patients treated with entecavir compared with untreated individu- 
als (3.7% vs. 13.7%). When cirrhosis was taken into account, 
entecavir treatment results in a fourfold decrease in 5-year 
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Scoring Systems Available for Hepatocellular Carcinoma Surveillance 


HBV Specific 

Yang et al. (REACH-B)*”” Age, ALT concentration, HBeAg status, sex, HBV DNA concentration Hepatitis B Yes (in Asia only) 

Wong et al. (CU-HCC)** Age, albumin concentration, bilirubin concentration, HBV DNA No 
concentration, cirrhosis (yes or no) 

Yuen et al. (GAG-HCC)*"” Age, sex, HBV DNA concentration, cirrhosis, core promoter mutation No 

Broader Patient Population 

El-Serag et al.” ALT concentration, AFP, age, platelet count Hepatitis C No 


Chang et al." 


Michikawa et al.°°! 
consumption, hepatitis B, hepatitis C 


Flemming et al.” (ADRESS- 
HCC) score 


Age, sex, platelet count, AFP concentration, fibrosis, diabetes (yes or no) 


Age, sex, alcohol consumption, BMI, diabetes (yes or no), coffee 


Age, diabetes, ethnicity, cause of liver disease, sex, severity of CTP 


Hepatitis C after SVR No 


General population No 


Liver transplantation Yes 
waiting list 


AFP. Alpha fetoprotein; ALT, alanine aminotransferase; BMI, body mass index; CTP, Child-Turcotte-Pugh; HBeAg, hepatitis B e antigen; HBV hepatitis B virus; SVR, sustained viral response. 
Data from Sherman et al. Risk scores for hepatocellular carcinoma in chronic hepatitis B. Hepatology 2015;61(6):1785. 


incidence in cirrhotic patients compared with untreated cirrhotic 
patients (7% vs. 38.9%). 

Individuals with HCV cirrhosis have a 3% to 5% annual 
incidence of HCC. With the development of new HCV treat- 
ments, more patients will successfully clear the virus. Treated viral 
hepatitis still carries a small risk of the person developing HCC.'” 
Patients with treated viral hepatitis should continue to undergo 
surveillance if they have advanced fibrosis, cirrhosis, or a family 
history of HCC.” 

Two randomized controlled trials have showed a survival 
benefit in patients with early-stage disease. Surveillance with ultra- 
sonography and AFP testing every 6 months was compared with 
no surveillance in patients with chronic HBV.'**'” The decline 
in mortality was attributed to detection of disease at an early stage 
with significantly higher resection rates compared with the control 
group. Level 1 evidence of a survival benefit associated with sur- 
veillance is limited to a patient population with HBV infection. 
However, it is not foreseeable that another randomized controlled 
trial will be conducted in other patient populations at risk of 
developing HCC because of the ethical concerns and the ability 
to accrue patients. A survey that examined the feasibility of con- 
ducting a randomized controlled trial with a control arm with no 
surveillance reported only 0.5% of participants were willing to be 
randomized.” A meta-analysis comprising more than 15,000 
patients with cirrhosis found that surveillance was associated with 
detection of HCC at an earlier stage, leading to improved overall 
survival.” The results were substantiated after adjustment for 
lead-time bias. From 1998 to 2008, an increase in use of curative 
therapies, including liver transplantation (21%) and ablation 
(17%), was noted in the United States, attributable likely in part 
to higher rates of detection of early HCC."** Furthermore, studies 
have shown surveillance to be cost-effective with the availability 
of curative treatment options in early disease.'”” 

Both the AASLD and the European Association for the Study 
of the Liver endorse surveillance with ultrasonography every 6 
months in those with cirrhosis and in those with HBV infection 


in the absence of cirrhosis if the following criteria are met: male 
aged more than 40 years, female aged more than 50 years, or 
African American aged more than 20 years and at time of diag- 
nosis if there is a family history of HCC.'?™!" The European 
Association for the Study of the Liver also recommends surveil- 
lance in Stage 3 fibrosis patients with HCV infection. The AASLD 
does not endorse screening in Stage 3 fibrosis patients with HCV 
infection. In the Hepatitis C Antiviral Long-Term Treatment 
Against Cirrhosis (HALT-C) trial the 5-year risk among patients 
with bridging fibrosis was 4.1%, thus less than the threshold of 
1.5% per year.'*' Among patients that are unlikely to be candi- 
dates for curative therapies, including decompensated cirrhotic 
patients not listed for transplant or those with prohibitive comor- 
bidities for therapy, surveillance is not recommended. 

The recommended screening interval is every 6 months, 
based on the doubling time of HCC, which has been estimated 
to be 1 month to 19 months, with a median of 4 months to 
6 months.'**'** More frequent imaging was not shown to improve 
the detection rate of early HCC in a randomized controlled trial 
which compared ultrasonography every 3 months versus every 
6 months.” However, less frequent imaging, every 12 months, 
has been shown to be inferior to semiannual ultrasonography.'”° 

The clear advantages of ultrasonography include lower cost, 
noninvasiveness, and lack of radiation, whereas the limitations are 
related to factors that may diminish early detection. Ultrasonogra- 
phy has a sensitivity that ranges from 65% to 80% and a specific- 
ity of more than 90%.'°” Ultrasonography is operator dependent 
and has a lower sensitivity in obese patients and in patients with 
more coarsened echotexture. A meta-analysis showed that ultraso- 
nography failed to detect HCC at an early stage in approximately 
one third of the cases, with sensitivity for early HCC detection of 
63%.'°* The addition of AFP testing to ultrasonography resulted 
in a minimal increase in sensitivity to 69%. All of the studies ana- 
lyzed in the meta-analysis were conducted in Europe and Japan 
in 1990s, when the ultrasonography technology was older. Sub- 
sequent improvements in ultrasonography technology in 2000 


led to the detection of smaller tumors, median 1.6 + 0.6 cm. In 
cohorts from the United States, the sensitivity of ultrasonography 
in the detection of early HCC has been noted to be lower. In the 
HALT-C study, HCC was diagnosed in 14 of 39 patients at an 
early stage.’ 

A separate prospective study confirmed lower rates of ultraso- 
nography detecting early HCC, with a sensitivity of 32%." 

Some studies have attempted to identify factors associated with 
screening failure, defined as detection of HCC beyond an early 
stage. In one study, poor implementation of a surveillance program 
accounted for 76% of screening failures.'*' This is in line with 
pooled data showing the overall surveillance rate is only 18%." 
In another study in which all patients were undergoing surveil- 
lance, the factors associated with failure included male sex (attrib- 
uted to higher body mass index and steatosis making visualization 
more difficult) and more advanced liver disease, defined as Child- 
Pugh B. In the HALT-C study, whereby patients underwent sur- 
veillance with AFP testing and ultrasonography yearly, HCC was 
diagnosed in 28% beyond the Milan criteria. In this cohort the 
main cause for failure to detect HCC within the Milan criteria 
was absence of detection of HCC." 

The need for improved surveillance methods to detect early 
HCC is highlighted by the above-mentioned studies. Although 
in clinical practice computed tomography (CT) and magnetic 
resonance imaging (MRI) are often used for HCC surveillance, 
particularly among those awaiting transplant, there are insuffi- 
cient data to support their use. These imaging modalities have 
only been studied as diagnostic tools and are not supported as 
surveillance tools by the guidelines. A systematic review from 
1996 to 2004 that evaluated the sensitivity and specificity of the 
various imaging modalities demonstrated comparable sensitivities 
(60% vs. 68%) and specificities (97% vs. 93%) for CT and ultra- 
sonography. MRI was also evaluated and was found to be more 
sensitive (81%), but less specific (85%) than CT and ultrasonog- 
raphy.“ Over the past several years with improvements in image 
quality and technique, triphasic CT and MRI have become even 
more accurate in detecting early-stage lesions. In a prospective 
study of 140 liver transplant candidates who underwent screening 
with ultrasonography, MRI, and multidetector CT, dynamic MRI 
was found to be the most sensitive and accurate when compared 
with ultrasonography or CT.'® Radiation exposure is the major 
downside to the use of CT as a screening modality, as it can 
increase the risk of carcinogenesis.'“° MRI does not carry the same 
risk of radiation exposure but is very costly. Both CT and MRI 
are expensive, and if used routinely would increase the cost of 
screening by $100,000 to $300,000 per quality-adjusted life.“ 

AFP is the most frequently used biomarker for HCC world- 
wide. AFP is a glycoprotein typically produced during embryo- 
logic development by the fetal liver and yolk sac, but is also 
expressed by poorly differentiated HCC cells. AFP levels exceed- 
ing 20 ng/mL have been found to provide the optimal sensitivity 
and specificity for HCC."* At this cutoff, AFP sensitivity ranges 
between 41% and 65% and specificity ranges between 80% and 
94%,.'*”° AFP testing is no longer recommended in conjunction 
with ultrasonography because of high false negative and false posi- 
tive results. °"? Several factors contribute to the effectiveness of 
AFP testing as a diagnostic tool. First, elevations in AFP levels can 
also be seen in patients with chronic liver disease without HCC 
and in other malignancies such as intrahepatic cholangiocarci- 
noma, germ cell tumors, and gastric cancer. In patients with 
chronic liver disease, elevation in AFP level often reflects inflam- 
matory activity within the liver, as it is commonly associated with 
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elevated levels of aminotransferases. An alanine aminotransferase 
level greater than 92 U/L has been reported to be associated with 
a 68% increase in AFP level.'”? In the HALT-C trial, elevations 
in AFP level greater than 20 ng/mL were seen in 16.6% of chronic 
HCV patients without HCC.'™ A prospective study of 432 
chronic HBV patients without HCC showed that 45.6% had AFP 
levels greater than 20 ng/mL and 19.4% had levels greater than 
100 ng/mL.’ AFP level can also be normal despite the presence 
of HCC in 30% to 40% of cases. 

Despite the removal of AFP testing from the guidelines, many 
continue to use the biomarker AFP in practice. As this topic has 
been controversial, there has been additional research looking into 
any added benefit of AFP testing in addition to ultrasonography. 
A group in Taiwan retrospectively looked at the sensitivity and 
specificity resulting from the use of both ultrasonography and 
AFP testing in detecting HCC. In the study, 1597 patients were 
followed up for a median duration of 4.75 years, during which 
time 363 patients developed HCC. The sensitivity and specificity 
of ultrasonography alone were 92% and 74.2%, respectively. With 
the addition ofan AFP cutoff of 20 ng/mL the sensitivity increased 
to 99.2%, whereas the specificity decreased to 68.3%.'”° 

Biomarkers beyond AFP are needed to improve the detection 
of early HCC. Lectin-bound AFP (AFP-L3) is an isoform of AFP 
that has been associated with HCC. The increase in AFP-L3 level 
compared with total serum AFP levels increases the accuracy of 
risk stratification in patients with HCC. Those with an AFP-L3 
level that is 10% or greater have an increased risk of HCC.'” In 
patients with elevated AFP levels, use of AFP-L3 level may help 
to identify subgroups within this population who are at a higher 
tisk of HCC because AFP-L3 level is less likely to be elevated in 
the absence of HCC. 

Des-y-carboxyprothrombin (DCP) is another potential bio- 
marker for HCC. Also known as prothrombin-induced by vitamin 
K absence I, DCP is an abnormal prothrombin protein produced 
as a result of defective vitamin K—dependent carboxylation. Typi- 
cally, prothrombin precursor proteins undergo carboxylation in 
hepatocytes. In malignant liver cells, DCP does not undergo 
carboxylation and is secreted into the bloodstream. Thus serum 
DCP levels are increased in patients with HCC and increase 
with HCC activity. Limited prospective data have shown that 
although DCP has greater specificity than AFP (91% vs. 78%), 
the sensitivity is low at 41%." A nested case-control study in 
the HALT-C trial found that the combination of AFP and DCP 
at the time of diagnosis increased the sensitivity of the detection 
of early HCC to 91%; however, specificity was lower compared 
with either marker when used alone.” A later report from the 
HALT-C trial that included all the study participants reported 
an 11% elevation of both AFP level and DCP level without the 
presence of HCC, which was lower compared with AFP or DCP 
level elevations alone among those without HCC. The report 
authors suggested that the combination of AFP and DCP may 
be more helpful because of different patient characteristics (race, 
sex) being associated with increase in the levels of the individual 
biomarkers. Another noteworthy finding of this study was fre- 
quent mild to moderate elevations in AFP and DCP levels in the 
absence of HCC, whereas an AFP-L3 level greater than 10% was 
uncommon.'” 

The largest reported biomarker study comprised 836 patients 
but failed to show AFP-L3 or DCP to be more sensitive than AFP 
alone in identifying early HCC. An AFP cutoff level of 10.3 ng/ 
mL had the highest sensitivity for the diagnosis of very early 
HCC 
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Golgi protein 73 is a Golgi-specific membrane protein found 
in normal biliary epithelial cells. Expression of Golgi protein 73 
increases in chronic liver disease, but especially in HCC."°' Studies 
looking at Golgi protein 73 as a biomarker are very heteroge- 
neous. A meta-analysis of eight studies showed that Golgi protein 
73 has comparable accuracy to AFP in diagnosing HCC, with a 
sensitivity of 76% versus 70%, and specificity of 85% versus 
89%.' A meta-analysis of seven studies showed that Golgi 
protein 73 was superior to AFP.'® 

There is an interest in combining the use of AFP, AFP-L3, and 
DCP. The GALAD model takes into account these three biomark- 
ers plus sex and age. Additional research will be needed to see if 
this model provides greater diagnostic accuracy for early HCC.“ 

Paramount to detection of early HCC to impact overall sur- 
vival is the education of the healthcare workers who interact with 
patients at risk of HCC. There are data suggesting higher rates of 
surveillance among specialists and those affiliated with an aca- 
demic institution.'® A survey of primary care physicians found 
that the most common barrier to underutilization of surveillance 
for HCC included a lack of knowledge of the current guidelines, 
difficulty discussing surveillance with patients, and competing 
clinical issues.'°° 


Staging 


HCC is considered to be a heterogeneous cancer that has a wide 
range of phenotypes. Whereas some lesions are solitary and grow 
slowly, others may be multifocal with invasive behavior. Because 
of this heterogeneity, staging is important in determining the 
optimal method of treatment. Early-stage lesions are typically 
amenable to curative therapies such as radiofrequency ablation 
(RFA), resection, or transplant, whereas patients with multifocal 
lesions with higher-risk features are referred for transarterial and 
systemic therapy. Several staging systems, shown in Table 46-3, 
have been developed to help stratify the tumor burden. The dif- 
ferent staging systems take into account various factors, such as 
the tumor number, extent of invasion beyond the liver, severity 
of liver dysfunction, AFP levels, and patient performance status. 

The tumor-node-metastasis (TNM) classification is the most 
commonly used staging approach for solid tumors. This system 
was developed in the 1950s by surgeons who described tumors 
at the time of a patients surgery on the basis of their size, extent 
of regional lymph node involvement, and spread to distant 


TABLE 
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structures.” There have been several versions of the TNM staging 
system for HCC, and currently the American Joint Committee 
of Cancer endorses the seventh edition of the TNM staging 
system." TNM staging takes into account only tumor character- 
istics. The disadvantage of this system for HCC is that it does not 
account for liver synthetic function or the patient’s performance 
status, both of which are important prognostic determinants. 

Originating in Japan, the Okuda classification system was 
developed in 1985. A group of 850 patients were classified on the 
basis of tumor size (less than or greater than 50% of the liver) and 
liver function as measured by the serum albumin level, bilirubin 
level, and presence of ascites.'”” The advantage of this system is 
that it takes into account both tumor and patient characteristics. 
However, most patients included in that study had advanced 
stages of HCC, limiting the utility of this method when one is 
classifying early-stage lesions. 

The Cancer of the Liver Italian Program score was developed 
in 1998 on the basis of a retrospective review of 435 patients in 
Italy. It takes into account tumor morphology, AFP levels, vascular 
invasion, and liver function.'”” This score was subsequently vali- 
dated in both Western and Eastern countries.'”"'’* Retrospective 
analyses have shown that the Cancer of the Liver Italian Program 
score accurately predicts recurrence after resection and is the best 
scoring system to predict recurrence after transarterial chemoem- 
bolization (TACE). ">" 

In response to the Cancer of the Liver Italian Program score, 
the Japan Integrated Staging classification was introduced in 
2003. This score was developed from a cohort of 722 patients in 
Japan, and was shown to be superior at predicting survival com- 
pared with the Cancer of the Liver Italian Program score, espe- 
cially in patients with early-stage HCC.'” The two components 
of the scoring system are the patients TNM stage and Child- 
Turcotte-Pugh score. In 2008 three serum biomarkers—AFP, Lens 
culinaris agglutinin reactive AFP, and DCP—were added to the 
scoring system to better risk-stratify patients. The major limitation 
of this scoring system is that it has not been validated in Western 
countries.'”° 

The Barcelona Clinic Liver Cancer (BCLC) staging system, 
shown in Fig. 46-5, is the staging system endorsed by the AASLD 
and the European Association for the Study of the Liver. Various 
groups around the world have externally validated this staging 
system. The BCLC staging system takes into account performance 
status, tumor characteristics, and liver function to recommend a 


Comparison of Several Hepatocellular Carcinoma Staging Systems 


TNM X X X 

Okuda x X X X 

BCLC X X X X X X 
CLIP X x x x 

Hong Kong X X X X X 


AFP. Alpha fetoprotein; Alb, albumin; ALP alkaline phosphatase; Bili, bilirubin; CLIP Cancer of the Liver Italian Program; Met, metastasis; PS, performance status; PVT, portal vein thrombosis; 


TNM, tumor-node-metastasis. 


Data from Subramaniam S, Kelley RK, Venook AP: A review of hepatocellular carcinoma (HCC) staging systems. Chin Clin Oncol 2013;2(4):33. 
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e Fig. 46-5 The Barcelona Clinic Liver Cancer staging system for hepatocellular carcinoma (HCC). 
M, Metastasis classification; N, node classification; PS, performance status; RFA, radiofrequency ablation; 
TACE, transarterial chemoembolization. (Data from Bruix J, Sherman M. Management of hepatocellular 
carcinoma: an update. Hepatology 201 1;53[3]:1020-1022.) 


treatment strategy on the basis of the results of randomized con- 
trolled trials.'”” 

The most recently introduced staging system is the Hong Kong 
liver cancer staging system.” This staging system was devised on 
the basis of prospectively collected data on 3856 patients with 
HCC, predominately with HBV infection, from a single institu- 
tion in Hong Kong over a 14-year period. Notable changes com- 
pared with the BCLC staging system include the combining of 
Eastern Cooperative Oncology Group performance status 0 and 
1, redefined stratification of tumors confined to the liver (based 
on size, with 5 cm being the cutoff, number of tumors, and pres- 
ence of vascular invasion), separate classification of locally 
advanced tumors and tumors with extrahepatic venous invasion/ 
metastasis, and a separate stage for those with early HCC with 
Child-Pugh C disease and performance status beyond 1. The 
subclassification of patients in the Hong Kong liver cancer staging 
system represented in the intermediate and advanced groups in 
the BCLC staging system was associated with improved overall 
survival among patients treated with more aggressive therapies 
than what is advocated according to the BCLC staging system. 
Some key differences in terms of treatment recommendations in 
the Hong Kong liver cancer staging system are (i) consideration 
for resection in those patients with preserved liver function with 
multifocal tumor or presence of intrahepatic vascular invasion and 
(ii) intrahepatic vascular invasion is not considered a contraindica- 
tion for intraarterial therapies. Although this staging system seems 
to better reflect clinical practices, it will require validation to 
determine its generalizability to other patient populations. 


Pathology 


Biopsy is recommended for lesions larger than 1 cm if the typical 
features of arterial enhancement and washout are not seen on 
triphasic CT and MRI.” Biopsy may increase the likelihood of 
successful diagnosis because false negative rates between 20% and 
38% have been reported when MRI is used for lesions of this 
size. Overall sensitivity for biopsy is approximately 90% to 
100%. 

However, biopsies can be of limited utility for lesions smaller 
than 2 cm because of difficulty obtaining an adequate specimen. 
False negative rates have been reported in biopsy specimens 
smaller than 2 cm.'*° Both fine needle aspiration and core needle 
biopsies are used to obtain specimens. Both methods have a small 
risk of tumor seeding along the tract of the biopsy needle. Poor 
data exist on the risk of tumor seeding, with the largest meta- 
analysis estimating a 2.7% risk (95% CI 1.8-4.0%). Factors influ- 
encing this risk include the needle size, number of passes, and 
amount of normal tissue traversed.'*' 

Dysplastic foci are uniform foci smaller than 1 mm that exhibit 
cellular atypia but do not fulfill the criteria for malignancy. There 
are two types of dysplastic foci: small cell dysplastic foci and large 
cell dysplastic foci. Although both are considered to be premalig- 
nant lesions, large cell dysplastic foci are more likely to progress 
to HCC. Both small cell dysplastic foci and large cell dysplastic 
foci are commonly found on explants of patients with HCC." 
Small cell dysplastic foci contain hepatocytes with increased 
nuclear/cytoplasmic ratio and have low rates of apoptosis. Large 
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cell dysplastic foci have enlargement of both the nucleus and the 
cytoplasm, with a preserved nuclear/cytoplasmic ratio. They have 
more abnormal DNA than small cell dysplastic foci but have 
higher rates of apoptotic activity. 

Dysplastic nodules are lesions larger than 1 mm that are typi- 
cally found in cirrhotic livers. Similarly to dysplastic foci, there 
are two grades of dysplastic nodules, based on the degree of cyto- 
logic and architectural atypia: low-grade dysplastic nodules and 
high-grade dysplastic nodules. Low-grade dysplastic nodules 
present with a normal to slightly increased nuclear/cytoplasmic 
ratio with minimal cellular atypia and no mitotic figures. The liver 
architecture is well preserved, with hepatocyte plates that are two 
cells thick, normal portal tracts, and a reticulin network. The 
nodule itself has rounded borders, but does not compress adjacent 
hepatic tissue. 

In contrast, high-grade dysplastic nodules have greater archi- 
tectural distortion with hepatocyte plates that are two or three 
cells thick with unpaired arteries. These nodules have an increased 
nuclear/cytoplasmic ratio and occasional mitotic figures. Nuclei 
can be located peripherally and have irregular borders. Basophilic 
cytoplasm and pseudogland formation can also be seen.'*? 

Both low-grade dysplastic nodules and high-grade dysplastic 
nodules can precede or accompany HCC. Direct evidence that 
these nodules are precursors to HCC stems from the fact that 
some dysplastic nodules have a malignant focus, commonly 
referred to as a nodule in a nodule.'**'® Patients with high-grade 
dysplastic nodules have a fourfold higher risk of HCC than those 
without them.'®° This same risk is present, is but much lower for 
low-grade dysplastic nodules because they have fewer immuno- 
histochemical and molecular similarities to HCC than high-grade 
dysplastic nodules. 

High-grade dysplastic nodules can be difficult to differentiate 
from early HCC lesions. HCC will have stromal invasion, as 
demonstrated in Fig. 46-6; however, this can be difficult to see in 
some biopsy specimens Staining with CK7/19 can highlight a 
ductular reaction that is present only in dysplastic nodules. CD34 
is another stain that can help differentiate high-grade dysplastic 
nodules from HCC. In dysplastic nodules, CD34 is seen in the 
periphery, whereas in HCC staining it is seen diffusely throughout 
the specimen.'*’ Three other markers have been implicated to have 
the greatest sensitivity for HCC: glutamine synthetase, glypican 
3, and heat shock protein 70. All three markers are present in 
HCC, and a study showed that with a cutoff of two of three 
markers, pathologists could achieve a sensitivity of 72% and speci- 
ficity of 100% for detection of malignancy. '®® 

Several characteristic features are seen histologically in HCC 
tumors. From a gross architectural perspective, distortion of the 
typical portal tracts can occur, and unaccompanied arteries can 
be seen throughout the specimen. The hepatocyte growth pattern 
can range from well-differentiated thin sheets to pseudoglandular 
and trabecular patterns with thick cords. Features of steatosis, 
steatohepatitis, hyaline globules, and Mallory bodies are common 
in HCC tumors. Steatotic nodules are present in up to one third 
of HCC specimens. Fatty tumor features are more common in 
livers with a background of steatohepatitis from NASH or 
ethanol.'* At the cellular level, an increased nuclear/cytoplasmic 
ratio is observed to varying degrees in HCC specimens.” 

Edmondson and Steiner’s classification system is the gold stan- 
dard for classifying HCC tumor grades. Grade I HCC, well- 
differentiated HCC, is characterized by small-appearing tumor 
cells arranged in thin trabeculae with abundant eosinophilic cyto- 
plasm. These cells are almost indistinguishable from normal liver 


e Fig. 46-6 Stromal invasion in hepatocellular carcinoma. The arrows 
in A indicate a low-power view of stromal invasion in hepatocellular car- 
cinoma. B, A high-power view of the trabecular pattern of the stromal 
invasion in well-differentiated hepatocellular carcinoma as shown by the 
arrow. 


tissue; however, the nuclei are slightly enlarged. Grade II HCC, 
moderately differentiated HCC, has an increased nuclear/ 
cytoplasmic ratio and more irregular, hyperchromatic nuclei. 
Pseudoglandular structures also begin to appear. Grade HI HCC, 
poorly differentiated HCC, has larger hyperchromatic, abnormal 
appearing nuclei. Grade IV HCC, which is also poorly differenti- 
ated HCC, has a very high nuclear/cytoplasmic ratio and has 
anaplastic giant cells.” 


Histologic Variants 


Fibrolamellar Hepatocellular Carcinoma 


Fibrolamellar HCC is a rare subtype of HCC, recognized in 
the 1950s by Edmondson, which accounts for less than 1% of 
all HCC tumors. Fibrolamellar HCC arises in patients younger 
than 40 years, without cirrhosis or any other known predisposing 
factors. Histologically it is characterized by well-differentiated, 
deeply eosinophilic malignant cells that grow in sheets and trabec- 
ulae that are separated by a thick fibrous lamella. The tumor has 
a rich stroma and often resembles focal nodular hyperplasia with 
a central scar. Because of major differences in the epidemiologic 


features and clinical course of fibrolamellar HCC, experts have 
questioned whether it is a distinct entity rather than a subtype 
of HCC.” 


Scirrhous Hepatocellular Carcinoma 


Scirrhous HCC is another rare variant of HCC that is diffusely 
fibrotic and has an abundant eosinophilic stroma. Because of the 
fibrosis, the tumor can often be misdiagnosed radiologically as 
intrahepatic cholangiocarcinoma. Immunohistochemistry is very 
important in distinguishing this variant. Scirrhous HCC has a 
large lymphocytic infiltrate and can stain positive for HePar-1 and 
CK7 in 65% of cases.” 


Radiology 


The diagnosis of HCC can be made through a contrast-enhanced 
imaging study without the need for biopsy. The two preferred 
studies are triphasic CT and MRI. For a lesion to be categorized 
as HCC, it must have arterial enhancement and venous washout. 
HCC generally contains only arterial blood supply (especially if 
it is > 2 cm) and will have significant enhancement during the 
arterial phase of the scans compared with the surrounding liver 
tissue that is supplied by both the hepatic artery and portal veins. 
Arterial enhancement can be further subdivided into early and 
late, on the basis of whether the portal vein is not enhanced (early) 
or is enhanced (late). To diagnose HCC, late arterial enhancement 
is required. Because many lesions, such as hemangiomas and focal 
nodular hyperplasia, exhibit arterial enhancement, further diag- 
nostic criteria are needed to confirm the diagnosis. During the 
venous phase, HCC will have less enhancement, known as 
washout, when compared with the surrounding tissue. This occurs 
because the surrounding liver tissue will have contrast medium 
that has subsequently moved to the portal vein, whereas HCC 
does not contain portal veins and will contain no contrast medium. 
Washout can be defined as early (immediately after the arterial 
phase) or delayed (minutes after contrast administration), Exam- 
ples of washout are shown in Fig. 46-7. 

Growth velocity can also help distinguish HCC on imaging. 
An increase in diameter of 50% or more in 6 months or less or 
an increase by 100% in 6 months is highly suggestive of HCC.” 
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The Organ Procurement and Transplantation Network is the 
governing body in the United States responsible for assembling a 
concrete set of guidelines for defining abnormalities on liver 
imaging. A radiologist at a transplant center must interpret all 
scans through a structured system called the Liver Imaging 
Reporting and Data System (LI-RADS), shown in Fig. 46-8.'° 
LI-RADS was implemented in 2014 to standardize the reporting 
of all liver lesions in cirrhotic patients, and was not meant for 
application to the general population. The system classifies each 
liver lesion on the basis of its likelihood of malignancy based on 
five scoring categories (LR-1 through LR-5). Classification is 
based on lesion diameter and the presence of four other major 
features: arterial phase hyperenhancement, washout appearance 
with late hyperenhancement, capsule appearance, and threshold 
growth from prior imaging.” Differences between the LI-RADS 
and the older AASLD and Organ Procurement and Transplanta- 
tion Network systems are shown in Table 46-4. LR-1 lesions 
encompass benign entities such as cysts, hemangiomas, and vas- 
cular abnormalities. LR-2 lesions have radiographic features of 
benign lesions but cannot definitively be classified as such and 
require surveillance. In addition to the known benign entities, 
cirrhotic nodules smaller than 2 cm fall into this group. Lesions 
that display nodulelike hepatic arterial phase hyperenhancement 
or masses with hypoenhancement or isoenhancement are consid- 
ered to be LR-3 lesions. LR-4 lesions have a high probability of 
being HCC but radiology is not 100% diagnostic. The masses 
exhibit some criteria such as enhancement, washout, or capsule 
changes but do not meet all the criteria. Lesions in this category 
are subdivided into LR-4A lesions, which are smaller than 2 cm, 
and LR-4B lesions, which are larger than 2 cm. Biopsy or addi- 
tional contrast-enhanced scan (CT if MRI was the initial scan or 
MRI if CT was the initial scan) is recommended for this category 
to confirm the diagnosis. Finally, LR-5 lesions are diagnostic of 
HCC. This group can be further subdivided on the basis of size 
into LR-5A lesions (1-2 cm) and LR-5B lesions (> 2 cm).'” 
LR-5B lesions meet the criteria for a Model for End-Stage Liver 
Disease (MELD) exception, whereas a single LR-5A lesion 
(1-1.9 cm) does not meet T2 criteria. Examples of the various 
LI-RADS lesions are shown in Fig. 46-9. 

Prospective validation of the LI-RADS is needed to confirm 
that this system can accurately predict the likelihood of HCC. 


e Fig. 46-7 Washout in hepatocellular carcinoma. A, Enhancement of two nodules in the arterial phase. 
B, The same nodules in the portal venous phase, indicating no enhancement. 
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D | Observations in this cell are categorized LR-4 except as follows: 


e LR-5g, if there is > 50% diameter increase in < 6 months. 
These observations are equivalent to OPTN 5A-g. 

e LR-5as, if there is both “washout” and visibility as discrete nodules 
at antecedent surveillance ultrasound, per AASLD HCC criteria. 


e Fig. 46-8 Liver Imaging Reporting and Data System diagnostic algorithm system for liver findings 
in cirrhotic patients. AASLD, American Association for the Study of Liver Disease; HCC, hepatocellular 
carcinoma; LAVA, liver acquisition with volume acquisition; OPTN, Organ Procurement and Transplanta- 
tion Network. (Data from LI-RADS v2013.1, American College of Radiology, http://www.acr.org/Quality- 


Safety/Resources/LIRADS.) 


Initial data have shown that assigning designations of LR-1 and 
LR-2 has a 100% negative predictive value for HCC and LR-5 
lesions have a 100% positive predictive value. LR-3 and LR-4 
lesions had intermediate predictive values. Overall there was high 
interreader agreement, with an intraclass correlation of 0.80.'”° 
Radiographic response to liver-directed therapy is paramount 
in making decisions regarding the need for additional therapy and 
assessing if tumor burden is maintained within the Milan criteria. 
Two-dimensional measurements (World Health Organization) or 
one-dimensional measurements (Response Evaluation Criteria in 
Solid Tumors, RECIST) of the entire treated tumor have been 
recognized to not adequately assess treatment response. A decrease 
in tumor size generally does not simultaneously occur in conjunc- 
tion with tumor necrosis. Therefore use of this to assess response 
may lead to unnecessary repeated treatments and risk of liver 
deterioration. Response in liver-directed therapy is assessed by 
modified RECIST (mRECIST), which take into account tumor 
necrosis. Response is based on the decrease in the size of viable 
tumor in the arterial phase of a CT or MRI scan, as shown in 
Table 46-5. The correlation with radiographic response and necro- 
sis on explant pathology approaches 70% in TACE, the form of 


liver-directed therapy most commonly used, with 22% overesti- 
mation of the degree of necrosis on the basis of radiographic 


1 
response. i 


Treatment 


Despite therapeutic advancements in HCC, most patients still 
present at a stage that is not curable, and the 5-year overall survival 
remains dismal at 18%.” Treatment of HCC is equally dictated 
by tumor burden, the degree of liver dysfunction (Child-Pugh 
class) and the patients Eastern Cooperative Oncology Group 
performance status (Fig. 46-10). All of these parameters should 
be taken into account when one is deciding on treatment options. 
A multidisciplinary approach has been shown to increase the 
number of patients who receive potential curative treatment, and 
this has translated into improved overall survival.” 


Hepatic Resection 


Hepatic resection is a curative option and the treatment of choice 
for noncirrhotic patients with HCC. However, this option is 
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UAE Differences Between the American Association for the Study of Liver Disease System, the Organ 
s&s Procurement and Transplantation Network System, and the Liver Imaging Reporting and Data System 


Overview 


Comprehensive management 
system for HCC 

Includes an algorithm for 
US-based surveillance and CT/ 
MRI-based diagnosis of HCC 


OPTN policy for liver transplant 
candidates with HCC (in United States) 

Includes CT and MRI criteria for HCC to 
determine eligibility and priority for 
liver transplantation 


Comprehensive imaging diagnosis system for HCC 


Patients at risk of HCC in a 
surveillance program 


Target population 
transplantation 


Patients with HCC considered for liver 


All patients at risk of HCC 


Categorization of HCC Untreated definite HCC: 
observations Indeterminate Class 5A: 10-19 mm 
Benign Class 5B: 20-50 mm 


Class 5X: > 50 mm or tumor in vein 
Treated-definite HCC: 


Class 5T (treated) 


Nondiagnostic examination: 


Class 0 


Untreated observations: 

LR-1: definitely benign 

LR-2: probably benign 

LR-3: intermediate probability 

LR-4: probably HCC 

LR-5: definitely HCC 

LR-5V: tumor in vein 

LR-M: probably malignant, not specific for HCC 
Treated observations: 

LR-treated 


Imaging methods 
addressed 


US for surveillance; CT and MRI 
with extracellular agents for 
diagnosis 


CT and MRI with extracellular agents 


CT and MRI with extracellular agents. Provides 
guidance for use of MRI with hepatobiliary 
agents, although these have not been evaluated 
prospectively for primary diagnosis of HCC 


AASLD, American Association for the Study of Liver Disease; C7, computed tomography; HCC, hepatocellular carcinoma; L/-RADS, Liver Imaging Reporting and Data System; MRI, magnetic resonance 


imaging; OPTN, Organ Procurement and Transplantation Network; US, ultrasound. 


Adapted from Mitchell DG, Bruix J, Sherman M, et al. LI-RADS (Liver Imaging Reporting and Data System): summary, discussion, and consensus of the LI-RADS Management Working Group and future 


directions. Hepatology 2015;61 (3):1056-1065. 


available to only approximately 10% to 37% of patients with 
HCC.” The average 5-year survival after resection is between 
60% and 80%.*”’ Before the 1980s perioperative mortality from 
hepatic resection was as high as 10%.” With improvements in 
surgical technique, patient selection, and perioperative care, 
disease-free survival from liver resection has greatly improved.”” 
Surgical mortality at experienced centers with careful patient 
selection is approximately 1% to 3%.” Laparoscopic surgical 
techniques, cross-clamping the hilum via the Pringle maneuver, 
and maintaining low intraoperative central venous pressure have 
all led to improved outcomes.*” 

The criteria for patient selection differ by country; however, 
the key principal is that those with preserved hepatic function 
have better long-term outcomes. In the United States and Europe, 
the BCLC system recommends hepatic resection for patients with 
Child A cirrhosis, lesions smaller than 5 cm or three lesions 
smaller than 3cm, no evidence of vascular invasion, and a hepatic 
venous pressure gradient less than 10 mmHg.” The MELD score 
has also been effective in predicting patient outcomes. Patients 
with a MELD score less than 9 have better outcomes and fewer 
incidences of liver failure after resection.*” Another test of liver 
function is the indocyanine green clearance test, which is primar- 
ily used in Asia. Patients with indocyanine green retention of 20% 
or more at 15 minutes are not considered candidates for resec- 
tion.”’° CT scans to ascertain liver volume have also been used as 
an indirect measurement of liver function after resection. Patients 
with compensated cirrhosis need a liver remnant that is 40% to 
50% of the original volume to prevent failure.*'' Patients who 
require larger resections but who do not meet the minimum 
volume requirement can undergo pulmonary vein embolization. 


Through this technique the pulmonary vein on the side of the 
lesion is embolized to induce hypertrophy in the remnant lobe 
and allow safer resections.”'* The embolization itself also serves as 
a marker for the liver’s regenerative capacity, because hypertrophy 
of 5% or less after pulmonary vein embolization indicates poor 
regenerative capacity and is associated with poor postoperative 
outcomes.” 

Laparoscopy and intraoperative ultrasonography have been 
used with increasing frequency to help improve patient selection 
by identifying patients with lymph node or vascular involvement 
which would preclude surgery. These techniques allow a more 
detailed look at the parenchyma to identify lesions which may not 
have been evident on standard imaging.” 

There are several factors that help determine the success of 
resection. The two most heavily debated factors are the use of 
resection in patients with (1) portal hypertension and (2) multiple 
lesions. Portal hypertension has been a relative contraindication 
for resection. Early studies showed that patients with no evidence 
of portal hypertension and low bilirubin levels had improved 
long-term survival and were less likely to decompensate postop- 
eratively.”'” Specifically, portal hypertension was defined as a plate- 
let count of less than 100,000/uL, a hepatic venous pressure 
gradient greater than 10 mmHg, or the presence of varices.”"° 
Patients without portal hypertension and a normal bilirubin level 
had a 5-year survival rate of 70% compared with 25% for those 
with both portal hypertension and an elevated bilirubin level.” 
A meta-analysis of 11 studies looking at outcomes in patients with 
and without portal hypertension showed a higher mortality risk 
at 3 years and 5 years in patients with portal hypertension (odds 
ratio 2.09, CI 2.02-4.59).’'* That study did not take into account 
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LI-RADS 
Category 


Typical hemangloma 
A, T2WI; B,C,D, LAVA 
multiphase MRI 


LR-1 


Atypical cyst (hydatid cyst; CT) 
A, Simple; B, arterial; C, portal; 
D, venous. 


LR-2 


Intermediate probability of 
being HCC (MRI) 

Mass <20 mm with arterial 
hyperenhancement, no wash 
out, no capsule, stable for 2 
years. 

A, Simple; B, arterial; C, venous; 
D, venous 2 years after. 


LR-3 


Probably HCC (CT) 

Mass >20 mm with arterial 
phase hyperenhancement and 
no additional major features. 
A, Simple; B, arterial; C, portal; 
D, venous. 


LR-4 


Definitely HCC (MRI) 

40-mm mass with arterial phase 
hyperenhancement (B,C) with 
capsule and wash out (D). 


LR-5 


e Fig. 46-9 Characteristic lesions of the various Liver Imaging Reporting and Data System (LI-RADS) 
categories. CT, Computed tomography; HCC, hepatocellular carcinoma; MRI, magnetic resonance 
imaging; T2WI, T2-weighted image. (Data from Castellanos SH, Gonzalez-Aguirre A, Chapa Ibarguengoitia 
M. Bi-RADS, C-RADS, GI-RADS, LI-RADS, Lu-RADS, TI-RADS, PI-RADS. The long and winding road of 
standardization. Presented at ECR 2014.) 


TABLE P A z 
PFE Assessment of Target Lesions in Hepatocellular Carcinoma 


Complete Disappearance of all target lesions Disappearance of any intratumoral arterial enhancement in all 
response target lesions 
Partial response At least a 30% decrease in the sum of the diameters of target At least a 30% decrease in the sum of the diameters of viable 
lesions, taking as a reference the baseline sum of the (enhancement in the arterial phase) target lesions, taking as a 
diameters of target lesions reference the baseline sum of the diameters of target lesions 
Stable disease Any cases that do not qualify for either partial response or Any cases that do not qualify for either partial response or 
progressive disease progressive disease 
Progressive An increase of at least 20% in the sum of the diameters of An increase of at least 20% in the sum of the diameters of 
disease target lesions, taking as a reference the smallest sum of the viable (enhancing) target lesions, taking as a reference the 
diameters of target lesions recorded since treatment started smallest sum of the diameters of viable (enhanced) target 


lesions recorded since treatment started 


HCC, Hepatocellular carcinoma; mRECIST, modified Response Evaluation Criteria in Solid Tumors; RECIST, Response Evaluation Criteria in Solid Tumors. 
Adapted from Lencioni R, Llovet JM. Modified RECIST (mRECIST) assessment for hepatocellular carcinoma. Semin Liver Dis 2010;30:52-60. 
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e Fig. 46-10 Treatment schematic for hepatocellular carcinoma (HCC). MWA, Microwave ablation; 
OLT, orthotopic liver transplantation; PEI, percutaneous ethanol injection; RFA, radiofrequency ablation; 
SIRT, selective internal radiation therapy; TACE, transarterial chemoembolization. 


the BCLC score at the time of resection. Other studies have 
shown that resection is possible in patients with portal hyperten- 
sion if tumor size is taken into account. A large retrospective study 
in China that compared outcomes in patients with and without 
portal hypertension undergoing resection showed that there was 
no difference in survival at 1 year, 3 years, and 5 years in those 
with early-stage HCC who underwent minor hepatectomy.” ? 

Hepatic resection has also been looked at in patients with 
BCLC Stage B and Stage C disease. Although long-term survival 
for this stage of disease is overall poor, those who underwent 
hepatic resection did better when compared with those who 
received TACE. In propensity-matched groups survival for hepatic 
resection versus TACE was 87% versus 81% at 1 year and 34% 
versus 15% at 5 years.””” 

There is recurrence after resection in 50% to 70% of patients 
at 5 years and this is main cause of death after resection.” ?” 
Relapse can occur early or late and is felt to be from different 
pathogenic mechanisms. Whereas early recurrence, which is 
defined as recurrence in less than 2 years, is felt to be from intra- 
hepatic spread of the original lesion, late recurrence is felt to be 
from a de novo HCC lesion.” There are several factors that 
predict the risk of recurrence, and they include multiple tumor 
nodules, a tumor diameter greater than 5 cm, a tumor margin of 
1 cm rather than 2 cm, vascular invasion, higher AFP levels, and 
higher intraoperative blood loss.”’”*”*** As tumor size increases, 
there is a concordant increase in the risk of vascular invasion. 
Vascular invasion is present in 60% to 90% of tumors larger than 
5 cm compared with only 20% of 2-cm lesions.” 

Given the high risk of recurrence, surgeons began doing ana- 
tomic resections to remove entire liver segments, rather than 


aiming for adequate tumor margins. Previous studies reported 
improved outcomes with these resections compared with nonana- 
tomic resections.**’’' However, newer studies argue that there is 
no difference between anatomic and nonanatomic resections.” 
This is an important distinction, given that anatomic resection 
can often result in a higher incidence of liver decompensation due 
to a lower functional reserve.” 

Hepatitis B and hepatitis C may also play a role in the likeli- 
hood of recurrence. Patients with HBV viral loads less than 1000 
had significantly higher 5-year survival rates than those with 
active HBV viremia.” Patients with lower HCV viral loads had 
better 5-year survival than those with high viral loads (76.6% 
vs. 57.7%). By examination of HCC tumor samples, five 
up-regulated genes have been identified and translated into a 
score, which may help identify patients at risk of recurrence. This 
score has been validated in European and U.S. populations.”*° 

Adjuvant therapy after resection has no proven benefit for 
HCC recurrence. A recent Phase III trial evaluating the efficacy 
of sorafenib versus placebo failed to show a therapeutic benefit.” 


Liver Transplantation 


Liver transplantation is the only treatment option with the poten- 
tial to cure both HCC and the underlying cirrhosis. It remains 
the treatment of choice in patients with cirrhosis whose tumors 
are within the size criteria. In the 1980s transplant was not con- 
sidered a treatment option, with studies showing less than 30% 
survival at 3 years because of high recurrence rates.” A pinnacle 
study in 1996 established transplant as a viable option for HCC 
treatment if the tumor was within what we now call the Milan 
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criteria: one lesion of 5 cm or smaller or two or three lesions of 
3cm or smaller.” With the inclusion of these criteria in the selec- 
tion process, 5-year and 10-year survival after orthotopic liver 
transplantation (OLT) is greater than 70%.” Five-year survival 
has been prospectively shown to be similar for patients who 
undergo transplant for HCC versus patients who undergo trans- 
plant for cirrhosis without HCC.” 

Patients listed for transplant with one lesion of at least 2 cm 
but not larger than 5 cm or two or three lesions of at least 1 cm 
but not larger than 3 cm are eligible to receive MELD exception 
points to increase the likelihood of receiving an organ. In October 
2015 the Organ Procurement and Transplantation Network 
changed the allocation policy for HCC.” Patients must be on 
the waiting list for 6 months before receiving MELD exception 
points. This change will allow for a chance to observe the tumor 
biology and identify patients with aggressive tumors that may be 
at risk for recurrence posttransplant. The new policy also places a 
ceiling on MELD exception points at 34, which ensures that 
patients will not have the ability to participate in Share 35. 

Changes to the current allocation policy for patients with HCC 
are anticipated which will likely include a mandated 6-month 
period before patients receive a MELD upgrade for HCC meeting 
the Milan criteria.” This is in response to mounting evidence 
that those who receive a MELD upgrade for HCC are provided 
with an unfair advantage over those without HCC, leading to 
higher waiting list mortality among non-HCC patients.” It is 
also evident that not all patients with T2 lesions are at an equal 
risk of dropout, and hence such patients do not warrant the same 
degree of priority. Patients with a solitary tumor smaller than 
3 cm with response after initial locoregional therapy (complete 
response and AFP level < 20 ng/mL) have a minimal risk of 
dropout: 1-year and 2-year progression beyond a T2 lesion of 
1.3% and 1.6%, respectively.“ 

Lesions smaller than 2 cm in patients who are not resection 
candidates will not meet the criteria for a MELD upgrade. Most 
physicians will monitor the lesion and wait until it is larger than 
2 cm to apply for the MELD upgrade. Although there is a risk of 
rapid tumor progression, a study presented at the AASLD meeting 
in 2013 that evaluated 114 patients with T1 HCC lesions of 
between 1 cm and 1.9 cm showed that less than 10% of patients 
progressed beyond a T2 lesion in a year. Thus, for most patients, 
watchful waiting can be successfully applied. Those who did pro- 
gress had an AFP level greater than 500 ng/mL and would likely 
benefit from early listing.” 

For patients with disease burden outside the Milan criteria, 
downstaging has been used to help list patients for transplant. 
Downstaging is a term that describes any treatment that controls 
tumor growth to facilitate potential surgical treatment that would 
otherwise not be possible. This differs from adjuvant treatments, 
which are used to control existing disease in the hope of lowering 
future recurrence risk. An international consensus conference on 
OLT for HCC endorsed that downstaging may be considered if 
the 5-year overall survival after OLT is comparable to that of those 
meeting the T2 criteria on presentation. University of California, 
San Francisco group reported excellent 4-year overall survival after 
OLT with downstaging to the Milan criteria using mRECIST.** 
More recently the same group published the results of their 
updated prospective experience: the 5-year post-OLT overall sur- 
vival rate was 78% among the downstaged patients, which was 
not significantly different from that of those listed meeting the 
Milan criteria without the need for downstaging (81%; p = 
0.69). Also, the recurrence-free survival was comparable 


between the two groups. This was a prospective trial with an upper 
limit of inclusion for downstaging and a mandatory waiting 
period of 3 months after downstaging before listing. 

Successful transplant has also been shown in subsets of patients 
whose tumors exceed the Milan criteria, causing some to question 
whether the standard of organ allocation for HCC patients should 
change. The first expanded criteria model was from the University 
of California, San Francisco, derived from tumor explants in 
2001, which proposed patients with a single lesion not larger than 
6.5 cm or two lesions not larger than 4.5 cm with a total tumor 
diameter not greater than 8 cm.”” The criteria allow expansion of 
the number of eligible patients by approximately 5% to 10%.” 
These criteria were validated prospectively with 1-year and 5-year 
overall survival rates of 95.9% and 90.9%, respectively, and 1-year 
and 5-year recurrence-free survival rates of 92.1% and 80.7%, 
respectively.” Other expanded criteria have been proposed by 
other countries, such as Korea and Japan, which have variations 
on tumor diameter, tumor number, and AFP level.” 


Living Donor Liver Transplantation 


Living donor liver transplantation (LDLT) came to the forefront 
because of a mismatch between supply of and demand for organs. 
This is a potential option for those just outside the Milan criteria 
who are at risk of transplant list dropout. Despite 95% of donors 
returning to normal function within 1 year of donation, compli- 
cations have been found in up to 40% of donors, with a mortality 
tisk of 0.2% to 0.5%.’”* Although most complications are 
minor, there is increasing risk to the donor when the recipient has 
a high risk of recurrence. A study comparing LDLT patients and 
diseased donor liver transplantation (DDLT) patients for HCC 
outside the Milan criteria showed that the LDLT group had 
shorter waiting times (2.6 months vs. 7.9 months) and had a 
lower dropout rate (0% vs. 18.5%). Recurrence rates were similar 
for the two groups, and recurrence occurred in 12% of patients 
at 5 years.” The Adult-to-Adult Living Donor Liver Transplanta- 
tion Cohort Study Group also examined outcomes for 229 
patients undergoing LDLT and DDLT for HCC. They showed 
that although recurrence was higher in the LDLT cohort (38% 
vs. 11%), the 5-year survival was similar for both groups.” Other 
studies have argued that LDLT is an independent risk factor for 
recurrence, with a 5-year recurrence rate of 19.3% compared with 
6% in the DDLT group. These differences were more prominent 
in higher-risk groups that had a preoperative AFP level greater 
than 400 ng/mL, microvascular invasion, and tumor necrosis.”” 
One hypothesis for this discrepancy is that, compared with DDLT, 
LDLT allows fast-tracking to transplant and therefore allows an 
limited waiting time to observe and detect high-risk tumor behav- 
ior that could result in early recurrence.” It is likely a combina- 
tion of differences in tumor characteristics (more advanced HCC 
in LDLT as the DDLT option is limited in those exceeding the 
Milan criteria), shorter waiting time in LDLT, and less liver- 
directed therapy account for higher rates of HCC recurrence in 
LDLT versus DDLT in some studies. In contrast, when similar 
selection criteria are used for LDLT and DDLT, no significant 
difference in HCC recurrence has been found.” 


Liver-Directed Therapy 


Despite a lack of level 1 evidence, liver-directed therapy is used 
to prevent tumor progression while a patient is awaiting OLT and 
to improve post-OLT outcomes.” If the anticipated waiting time 


exceeds 6 months, liver-directed therapy is recommended.” Cur- 
rently one third to one half of patients on the transplant waiting 
list undergo treatment with TACE, RFA, or transarterial 
radioembolization.*” 

Response to liver-directed therapy, known as ablate and wait, 
may provide insight into the biologic behavior of individual 
tumors.” An observation period coupled with tumor response 
can act as a surrogate for tumor biology. However, the minimal 
period of observation to rule out an aggressive tumor phenotype 
is currently not known. A multicenter study recommended a 
minimum of 6 months from the time of HCC diagnosis in con- 
junction with liver-directed therapy to OLT to minimize the risk 
of early HCC recurrence after OLT. Regardless of the initial 
tumor size, a lack of response to TACE has been correlated with 
a higher chance of dropout and risk of HCC recurrence after 
OLT? Furthermore, overall survival has been reported to be 
significantly inferior in short waiting time regions compared with 
regions with longer waiting times.” 

Changes in AFP levels in response to liver-directed therapy 
have also been reported to be prognostic. The AFP level closest to 
the time of OLT has been reported to be an independent predictor 
of overall survival after transplant.’ An elevated AFP level that 
subsequently declines in response to liver-directed therapy has not 
been associated with an increase in mortality, whereas a rising AFP 
level despite liver-directed therapy results in a significant increase 
in post-OLT mortality. The AFP level cutoff portending worse 
outcomes after OLT has varied. In one study, an AFP level of less 
than 100 ng/mL among patients exceeding the Milan criteria was 
associated with a 5-year overall survival rate approaching 70%. In 
the same study, those within the Milan criteria experienced a 
higher rate of HCC recurrence when the AFP level was greater 
than 1000 ng/mL.” 

A large multicenter trial from Europe demonstrated that both 
AFP progression (>15 ng/mL/month) and radiographic tumor 
progression (mRECIST) after liver-directed therapy are associated 
with an increased risk of recurrent HCC after OLT regardless of 
the Milan status.” 


Ablative Therapy 


Percutaneous local ablative therapies include percutaneous ethanol 
injection, RFA, microwave ablation, and cryoablation. Percutane- 
ous ethanol injection has largely been replaced by thermal ablative 
techniques such as RFA and microwave ablation because of 
reported superior overall survival in meta-analyses and tumor 
control in lesions larger than 2 cm.*”*°”* Additionally, fewer treat- 
ment sessions are generally needed with thermal ablation. Response 
to therapy is related to the size of the index lesion. A complete 
radiographic response is expected in 90% of tumors smaller than 
2.5 cm. Response rates decrease significantly with an increase in 
the size of the tumor; a complete response is achieved for less than 
50% of lesions larger than 5 cm.”” Other considerations beyond 
tumor size include tumor location. Lesions located near large 
blood vessels can lead to “heat sink,” and this cooling effect can 
lead to a decrease in response. One may overcome this by per- 
forming RFA laparoscopically with clamping of the nearby vessel 
to diminish heat loss. Microwave ablation has been reported to 
offer less heat sink and may be the more appropriate thermal 
ablative technique for lesions near a large blood vessel.””° Subcap- 
sular lesions should be avoided because of increased risk of tumor 
seeding into peritoneum and bleeding complications. For lesions 
exceeding 3 cm there may be improved 5-year overall survival 
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with RFA plus TACE compared with RFA alone. For lesions 
smaller than 3 cm, combination therapy did not improve out- 
comes compared with RFA alone.”” 

Cryoablation induces cellular death via intracellular ice forma- 
tion, cell dehydration, and destruction of small vessels.” A single 
randomized controlled trial has compared percutaneous cryoabla- 
tion with RFA. A total of 360 treatment-naive patients with 
Child-Pugh A or Child-Pugh B disease with one or two lesions 
of at least 4 cm were included. The primary end point of local 
tumor progression at 3 years was significantly lower in the cryo- 
ablation group (7%) than in the RFA group (11%) (p = 0.043). 
The difference in local tumor progression was more pronounced 
in lesions larger than 3 cm: 7.7% versus 18.2% (p = 0.041). 
Despite improved local tumor control, overall survival and tumor- 
free survival at 5 years were similar between the two groups. The 
major complication rate was equivalent between cryoablation and 
RFA: 3.9% versus 3.3%, respectively (p = 0.776). 

RFA has excellent results in very early HCC (BCLC Stage 0, 
solitary lesions < 2 cm), with a 5-year overall survival rate of 68%, 
a result equivalent to that for resection.” Although RFA is associ- 
ated with less morbidity, shorter hospitalization, and lower cost, 
its role in favor of hepatic resection in larger lesions or more than 
one lesion is less clear. There have been three randomized con- 
trolled trials comparing resection with RFA, with conflicting 
results.” One randomized controlled trial that compared 
resection with RFA in patients meeting the Milan criteria dem- 
onstrated a superior 5-year overall survival rate (76% vs. 55%) 
and less recurrence at 5 years (42% vs. 63%) in the resection 
group.’ Furthermore, a subanalysis showed that the benefit of 
resection persisted even in those with a single lesion smaller than 
3 cm. Propensity scoring has been used to attempt to limit con- 
founding variables present in nonrandomized studies. After 
matching patients for baseline patient and tumor characteristics, 
one study found no significant difference in overall survival for 
anatomic resection compared with RFA; however, recurrence rates 
were significantly higher among all patients except those with 
BCLC Stage 0, in whom overall survival and recurrence were 
comparable.**’ Another study found no significant difference in 
overall survival or recurrence among 544 Child-Pugh A cirrhotic 
patients with a solitary HCC not larger than 3 cm treated with 
RFA versus resection before and after use of propensity scoring. 
However, there was a noted trend for lower recurrence after pro- 
pensity scoring associated with resection. Older age and higher 
alanine aminotransferase levels were independently associated 
with risk of recurrence.’ Lower recurrence rates associated with 
resection are likely due to the ability to remove satellite lesions 
and tumor emboli within neighboring vessels. No randomized 
controlled trials have been conducted comparing resection with 
RFA in patients with very early HCC. Recent studies have ques- 
tioned the role of RFA versus resection in such patients. After 
taking into account differences in baseline characteristics by 
means of propensity scoring, overall survival and recurrence-free 
survival were significantly improved with resection, and receipt of 
RFA was identified as an independent predictor for mortality and 
local tumor recurrence.” 

Markov modeling has been used to stimulate large randomized 
controlled trials (10,000 persons) that are unlikely to ever be 
completed. RFA was the recommended initial treatment strategy 
for solitary lesions smaller than 5 cm despite a greater chance of 
recurrence due to less associated morbidity especially in elderly 
patients with RFA.” RFA was also recommended as the initial 
treatment of choice on the basis of a Markov analysis of patients 
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with early HCC, with resection reserved for those with residual 
disease after RFA.” 

The safety and efficacy of repeated RFA has been reported fol- 
lowing recurrence after initial RFA.” There were no reported 
procedure-related deaths in more than 1900 repeated RFA proce- 
dures. The 5-year overall survival rate in this group of 577 patients 
was 40%. The competing risk of mortality associated with chronic 
liver disease was underscored by a 40% non-HCC mortality. 
Those with recurrence earlier than 24 months from the initial 
RFA, Child-Pugh B disease, or advanced recurrence had an infe- 


rior overall survival. 


Transcatheter Arterial Chemoembolization 


TACE is the most commonly use form of locoregional therapy in 
unresectable HCC. The chemotherapeutic agent emulsified in 
Ethiodized oil is injected into the hepatic artery feeding the 
tumor, followed by embolization of this vessel to improve reten- 
tion of the drug and induce hypoxemic death within the tumor. 
Side effects include postembolization syndrome consisting of 
abdominal pain, nausea, and vomiting. Some have advocated that 
TACE be restricted to those whose tumor anatomy allows selec- 
tive TACE (more than two segments) to minimize side effects.”*” 

Randomized controlled trials support the use of TACE in 
patients with unresectable HCC with preserved liver function 
(BCLC Stage B) compared with no therapy.” Three of four 
reported systemic reviews have reported improved overall survival 
compared with that from supportive care.”””*”’ The most recent 
study, by Oliveri et al.,”” included studies published after 2002 
and concluded that there was a lack of definitive evidence to 
support the use of TACE in unresectable HCC. The validity of 
this study was subsequently rebutted on the basis of the inclusion 
of trials that may have biased the results.” Interpretation across 
studies is limited by significant heterogeneity in technique, the 
chemotherapeutic and embolization agent used, the selectivity of 
TACE, and the schedule of TACE (on demand or scheduled). 
Three-year overall survival in patients treated with TACE has 
varied widely, likely related to differences in patient selection 
among various studies, with the best overall survival being 
observed in studies with stringent selection criteria with exclusion 
of those that technically are still considered as having intermediate 
HCC but have features portending worse overall survival (higher 
tumor burden, impaired liver function, and performance status 
1).”” These findings are shown in Fig. 46-11. 

In comparison with TACE, in drug-eluting bead (DEB) TACE 
a biocompatible bead, ranging in size from 700 um to less than 
100 um, is loaded with the chemotherapeutic agent (mostly 
doxorubicin). Although studies have shown DEB TACE to be 
equivalent to conventional TACE, it may have an improved safety 
profile. Doxorubicin is slowly released after dissociating from the 
bead. This has been reported to improve the delivery of doxoru- 
bicin to the tumor vascular bed and allows a more sustained 
tumoral concentration of the drug. Additionally, the systemic 
absorption is lower, leading to less systemic delivery and hence 
improved tolerability.”°*” There has been standardization of 
DEBs to better compare results across studies. A consensus state- 
ment on the use of DEBs in the treatment of HCC recommends 
a bead size of 100 um to 300 um to maximize delivery of che- 
motherapy and provide an embolic effect.” 

An international randomized controlled trial comparing con- 
ventional TACE with DEB TACE, PRECISION, did not meet 


the primary end point of radiographic response assessed by the 
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e Fig. 46-11 Survival outcomes of hepatocellular carcinoma patients 
treated with transarterial chemoembolization. OS, Overall survival. (Data 
from Sieghart W, Hucke F, Peck-Radosavljevic M. Transarterial chemoem- 
bolization: modalities, indication, and patient selection. J Hepatol 2015; 
62[5]:1187-1195.) 


European Association for the Study of the Liver at 6 months from 
initial therapy.’ A post hoc analysis showed that those with more 
advanced disease (Eastern Cooperative Oncology Group perfor- 
mance status 1, bilobar disease, Child-Pugh B disease, or recurrent 
disease) demonstrated a significantly higher rate of radiographic 
response with DEB TACE compared with conventional TACE, 
likely due to significantly less liver toxicity and doxorubicin side 
effects in the DEB TACE group. A second randomized controlled 
trial comparing conventional TACE with DEB TACE was termi- 
nated after the second interim analysis failed to show a difference 
in outcomes, leading the study authors to conclude that routine 
use of DEB TACE may not be justified because of the higher cost 
compared with the cost of conventional TACE.” Compared with 
PRECISION, this latter study was enriched with patients with a 
lower tumor burden and the dose of doxorubicin/epirubicin was 
maximized at 75 mg. Therefore any potential benefit of DEB 
TACE may have been overlooked in this cohort. 

DEB TACE resulted in superior outcomes, including local 
response and time to progression, compared with use of non- 
loaded beads of the same size. However, there was no difference 
in overall survival.’ Subsequent studies reported an advantage 
of DEB TACE over both bland embolization and conventional 
chemoembolization, with higher rates of necrosis on explant and 
improved 3-year posttransplant recurrence-free survival associated 
with DEB TACE.*”* Lastly, a prospective trial with DEB TACE 
reported encouraging results in patient with BCLC Stage B, Child- 
Pugh A disease, with a median overall survival of 47.7 months, 
which represents an improvement over previously reported results 
with conventional TACE.*” 

Intermediate HCC represents a heterogeneous group of 
patients. A subclassification of BCLC Stage B includes four sub- 
groups: B1 through B4. The patients with Stage B1 disease 
(Child-Pugh score 5-7, Eastern Cooperative Oncology Group 
performance status 0, HCC < 7) had the longest median overall 
survival of 41 months.” Additional clinical scoring systems have 
been devised to determine which groups of patients within the 
BCLC Stage B disease group are the ideal candidates for TACE, 
including the hepatoma arterial-embolization prognostic (HAP) 
scoring system and the selection for TACE treatment (STATE) 
scoring system.” These scoring systems take into account 
various factors, including albumin (HAP and STATE scoring 


TABLE 
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Wem Absolute and Relative Contraindications for Transarterial Chemoembolization 


Factors related to liver cirrhosis: decompensated cirrhosis (Child-Pugh B disease, score 
> 8), including jaundice, clinical hepatic encephalopathy, or hepatorenal syndrome; 
impaired portal vein blood flow (portal vein thrombus, hepatofugal blood flow) 


Factors related to liver cirrhosis: untreated esophageal varices 
at high risk of bleeding 


Factors related to HCC: extensive tumor involving the entirety of both lobes of the liver; 


malignant portal vein thrombosis 


Factors related to HCC: large tumor (> 10 cm) 


Technical contraindication to hepatic intraarterial treatment: for example, untreatable 


arteriovenous fistula 


Other factors: severe comorbidities; incompetent papilla with 
aerobilia (owing to biliary stenting or surgery); biliary dilation 


Impaired renal function; creatinine concentration > 2 mg/dL or creatinine clearance 


< 30 mL/min 


HCC, Hepatocellular carcinoma. 


Data from Sieghart W, Hucke F, Peck-Radosavljevic M. Transarterial chemoembolization: modalities, indication, and patient selection. J Hepatol 2015;62(5):1187-1195. 


systems), AFP (HAP scoring system), bilirubin (HAP scoring 
system), and C-reactive protein (STATE scoring system) levels 
and maximum tumor size (HAP and STATE scoring system). Use 
of such scoring systems may help to identify subgroups of patients 
for whom TACE is contra indication on the basis of predicted 
poor overall survival. The HAP score has recently been validated 
in European and Asian populations.*”” Contraindications for 
TACE have been considered absolute and relative based on both 
patient and tumor factors (Table 46-6). 

Another area of clinical interest is how to distinguish which 
patients would derive benefit from additional sessions of TACE 
on the basis of radiographic response and which patients would 
be at high risk of incurring harmful effects from repeated TACE. 
Barring a lack of liver deterioration, most authorities agree that 
two TACE sessions should be performed before one deems TACE 
ineffective. Radiographic objective response (complete or partial 
response) to TACE taking into account the degree of tumor 
necrosis (European Association for the Study of the Liver or 
mRECIST) is an independent predictor of overall survival. The 
decision to perform repeated TACE based on the lack of an objec- 
tive response is supported by studies that have shown that nearly 
half of retreated patients will attain an objective response after a 
second TACE session, with similar overall survival compared with 
patients with radiographic response after TACE once.” Therefore 
a lack of an objective response after the initial TACE alone should 
not dissuade one from deciding to repeat TACE. The size of the 
target lesion predicts the probability of achieving an objective 
response after the first and subsequent TACE sessions, with infe- 
rior response in those lesions larger than 5 cm.” Progression of 
disease after TACE that is associated with HCC stage progression 
(vascular invasion and/or metastatic disease) carries a significantly 
worse overall survival compared with those with treatable progres- 
sion with repeat TACE whom may be considered for repeated 
TACE.” In addition to radiographic response, predicting toler- 
ability to repeated TACE must also be considered. There is a lack 
of consensus in defining liver deterioration after TACE when one 
is determining the feasibility of repeating TACE. The assessment 
for retreatment with TACE score aims to prognosticate outcome 
following repeated TACE. This score takes into account tumor 
response, liver deterioration (Child-Pugh score increase of 1 point 
vs. 2 or more points), and aspartase aminotransferase level increase 
of 25%. Patients are classified as having up to 1.5 points versus 


2.5 or more points. Those in the latter group are unlikely to derive 


benefit from repeated TACE.” 


Selective Internal Radiation Therapy 


Radioembolization is another form of transarterial therapy. Micro- 
spheres loaded with yttrium-90 are delivered to the capillary bed 
of the tumor via injection into the hepatic artery. Because of the 
small size of the microspheres, 25 um to 35 um, and the hyper- 
vascular nature of HCC, there are high-targeted doses of radiation 
within the tumor and minimization of radiation to nontumorous 
tissue. Intralesional radiation leads to tumor necrosis. 

Selective internal radiation therapy (SIRT) requires a staging 
angiogram in order to identify aberrant anatomy, determine the 
correct catheter position, and calculate the degree of pulmonary 
shunting via a technetium-99 macroaggregated albumin scan, 
which uses particles that are similar in size to the yttrium-90 
microspheres that are injected at the time of therapy. If the staging 
angiogram demonstrates concern for delivery of particles to non- 
target tissue, coil embolization may be required to prevent inad- 
vertent delivery of radiation to other organs, such as the stomach, 
colon, diaphragm, and gallbladder. Dosimetry is used to calculate 
the amount of radiation that will be required and determine the 
degree of lung shunting.’’’ If lung shunting is calculated to be 
too high (> 30 Gy with a single injection and a cumulative dose 
> 50 Gy), transarterial radioembolization may not be performed 
or alternatively the dose of radiation can be lowered according to 
the degree of shunting. Seven days to 10 days after the staging 
angiogram, the patient returns for treatment. Both angiograms 
are performed in an outpatient setting. 

Because yttrium-90 therapy is a microembolic therapy, which 
is in contrast to TACE, the hepatic artery maintains patency. On 
the basis of this premise, yttrium-90 has been used in patients 
with portal vein thrombosis, including main portal vein throm- 
bosis, and has been shown to be safe. Similarly to other forms of 
locoregional therapy, the efficacy is impacted by the degree of liver 
dysfunction, Child-Pugh classification, and stage of the tumor 
(presence of portal vein thrombosis and or metastatic disease). The 
location of portal vein thrombosis, branch versus main, has also 
been shown to affect results. 

Table 46-7 highlights outcomes of patients treated with trans- 
arterial radioembolization. All of the studies except one were 
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TABLE 
46-7 


Clinical Experience With Selective Internal Radiation Therapy for Hepatocellular Carcinoma 


Patient Characteristics 


CP A/B/C (%) 45/52/3 77/22(<7)/0 
BCLC A/B/C/D (%) 17/28/52/3 2/47/51/0 
Mean tumor size (cm) 7.0 — 
Multifocal (%) 73 — 
PVT (%) 43 31 
Extrahepatic 16 30 
metastases (%) 
Outcomes 
Overall survival (mo) CP A: 17.2 CP A: 17.2 
CRB sven CP B: 6.0 
BCLC A: 26.9 BCLC A: — 
BCLC B: 17.2 BCLC B: 16.4 
BCLC C: 7.3 BCLC C: not reached 
TTP (mo) 7.9 10.0 
CPA 10.8 
CP B 8.4 


Adverse Events 
Abdominal pain (%) 23 (grade 1-2) 56 (grade 1-2) 


GI ulcers (%) 0 0 


82/18/0 83/17(<7)/0 59/38/3 
16/27/56/1 0/33/67/0 1/27/69/3 
— 5.6 8.8 
76 69 81 
23 67 
9 = 12 
CP A: — CP A: — CP A: 21.7 
CP B: — CP B: — CP B: 7.1 
BCLC A: 24.4 BCLC A: — BCLC A: — 
BCLC B: 16.9 BCLC B: 18 BCLC B: 23.8 
BCLC C: 10.0 BCLC C: 13 BCLC C: 11.8 
— it 53 

CP A 5.7 

CP B 4.6 
27 (all grades) 6 (grade 3-4) 12 
7 0 1.9 


BCLC, Barcelona Clinic Liver Cancer; CP Child-Pugh; Gl, gastrointestinal; PVT, portal vein thrombosis; TTP time to progression. 
Data from Kulik L, Salem R. Yttrium-90 radioembolization for hepatocellular carcinoma in hepatitis B: commentary on a 103-patient Asian cohort. Hepatol Int 2014; 8(3):304-307. 


single-center studies. In intermediate HCC, overall survival rates 
are similar across the various studies. Noted differences in advanced 
HCC may be related to the heterogeneity in terms of the number 
of patients with Child-Pugh A disease versus Child-Pugh B disease 
in each study. The safety profile was similar across studies, with 
fatigue being the most common side effect. 

SIRT is not included in the BCLC algorithm for HCC therapy. 
There are no current published randomized controlled trials com- 
paring SIRT with other forms of liver-directed therapy, specifi- 
cally TACE. Retrospective analysis of SIRT versus TACE has 
reported no significant difference in overall survival.’'*’'? On the 
other hand, there have been significant differences between the 
two intraarterial therapies, with noted improved quality of life 
associated with SIRT.” Additionally, SIRT is associated with less 
abdominal pain, fewer treatment sessions and a longer time to 
progression. 

An area of interest has been the use of SIRT in downstaging. 
A retrospective analysis of yttrium-90 therapy versus conventional 
TACE in patients with T3 HCC found it was significantly more 
probable that the HCC would to be downstaged to T2 HCC 
(based on World Health Organization criteria) when yttrium-90 
therapy was used compared with TACE: 58% versus 31%, respec- 
tively (p = 0.023). Furthermore, disease progression at 1 year was 
significantly lower among the yttrium-90 cohort, 15% versus 


32% (p < 0.05). 


Downstaging to resection has also been reported with SIRT, 
and this has been coined radiation lobectomy. Lobar yttrium- 
90 radioembolization offers the ability to treat the tumor with 
simultaneous hypertrophy of the future liver remnant. This can 
then allow resection in some patients who may not otherwise have 
been candidates because of concern for a small liver remnant.’ 
Although hypertrophy can be seen within 1 month after yttrium- 
90 therapy, the degree of hypertrophy correlates with the time 
elapsed since treatment. The median increase in functional liver 
reserve was 45% from the baseline at 9 months. 

Cost analysis using Markov modeling of yttrium-90 therapy 
versus TACE has shown that in some circumstances yttrium-90 
therapy is more cost-effective, specifically among patient with 
BCLC Stage C disease.’ 

SIRT may be preferred in specific clinical scenarios, including 
the presence of portal vein thrombosis, large tumors requiring treat- 
ment of more than two segments, and one is when attempting to 
downstage to either OLT or resection. 


Systemic Therapy 


Systemic therapy is the mainstay of treatment for patients with 
advanced, BCLC Stage C HCC; however, the options are limited. 
Conventional chemotherapy with doxorubicin has not been 
shown to demonstrate a reproducible survival benefit.” Sorafenib 


is currently the only systemic agent approved for treatment of 
HCC. The clinical benefit demonstrated in these trials was limited 
by the study design to include only patients with Child-Pugh A 
disease. Various other systemic agents have been investigated as 
monotherapy or in combination with sorafenib. Despite the 
promise of the new molecular agents in Phase II trials, they all 
ultimately failed in Phase II trials. For all of these agents the trial 
designs were similar to those for sorafenib, which selected only 
patients with Child-Pugh A disease with BCLC Stage B or Stage 
C disease, and examined overall survival as the primary end point. 


Sorafenib 


Sorafenib is a multikinase inhibitor that specifically targets the 
serine/threonine kinase of the Ras—mitogen-activated protein 
kinase pathway. Sorafenib was approved in the United States for 
treatment of unresectable HCC in 2007. Initial Phase II trials of 
sorafenib in patients with Child-Pugh A or Child-Pugh B cir- 
thosis showed a median overall survival of 9.2 months, compared 
with 6 months without treatment. The SHARP and Asian Pacific 
trials were both randomized controlled trials composed of Child- 
Pugh A cirrhotic patients treated with sorafenib at 400 mg twice 
daily or placebo, with the primary end point of overall survival. 
Both reported statistically significant improvement in overall 
survival and time to progression, with nearly identical hazard 
ratios. ">! The results of the SHARP trial are shown in Fig. 
46-12. The approved dosage is 400 twice daily. The most common 
side effects leading to dose reduction include hypertension, diar- 
thea, and hand-foot skin reaction. 

A subsequent prospective observation study, GIDEON (global 
investigation of therapeutic decision in hepatocellular carcinoma 
and of its treatment with sorafenib), aimed at generating data on 
the real-life experience with sorafenib highlighted the impact of 
Child-Pugh class on overall survival. An analysis of 3202 patients 
reported median overall survival of 13.6 months (CI 12.8-14.7 
months) for patients with Child-Pugh A disease and 5.2 months 
(CI 4.6-6.3 months) for patients with Child-Pugh B disease.” 
Overall survival in patients with a Child-Pugh score of 9 was the 
shortest at 3.7 months. There was no observed difference in the 
time to progression on the basis of the Child-Pugh class. An 
ongoing randomized controlled trial (NCT01405573) is address- 
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e Fig. 46-12 Survival rate of advanced hepatocellular carcinoma 
patients treated with sorafenib (red line) and placebo (blue line) in a 
randomized trial. C/, Confidence interval. (Data from Llovet JM, Ricci S, 
Mazzaferro V, etal. Sorafenib in advanced hepatocellular carcinoma. 
N Engl J Med 2008;359:378-390.) 
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ing the safety and efficacy of sorafenib in patients with Child- 
Pugh B disease. 

Proper management of side effects can increase the chances of 
continuation of sorafenib therapy. Approximately 10% of patients 
in randomized controlled trials develop hypertension. Blood pres- 
sure should be monitored on a weekly basis for the first 6 weeks 
of therapy. Calcium channel blockers have been recommended as 
the first-line therapy for VEGF inhibitor—induced hypertension. 
Management of hand-foot skin reaction includes topical agents, 
but their use should be discontinued if there is grade 3/4 toxicity. 
Prophylactic urea-based cream significantly decreases the grade of 
hand-foot skin reaction compared with best supportive care (56% 
vs. 74%; p < 0.001). 


Combination of Sorafenib With Liver-Directed 

Therapy or Resection 

The antiangiogenesis action of sorafenib has led to interest in 
combining sorafenib therapy with liver-directed therapy, specifi- 
cally TACE. Three randomized controlled trials have examined 
sorafenib therapy plus TACE compared with TACE alone in 
patients with BCLC Stage B disease, with varied results.” 
Differences in the results may in part be related to the time of 
initiating sorafenib therapy. Different strategies have been used, 
including sorafenib therapy after TACE (sequential), sorafenib 
therapy before TACE and holding sorafenib therapy at the time 
of TACE (sequential), or continued sorafenib therapy with TACE 
(continuous).”” To antagonize the surge in VEGF that occurs 
within 24 hours of TACE, it would seem that the continuous 
option would be the most logical; however, angiographic findings 
of vascular pruning have been noted when sorafenib is given in 
conjunction with TACE. Concern for such vascular changes dis- 
rupting optimal delivery of TACE into the tumor has led to the 
suggestion that sorafenib therapy be held for 7 days before TACE 
and reinitiated immediately after TACE.” A meta-analysis of six 
trials concluded that the combination of sorafenib therapy and 
TACE results in improved overall survival and time to progres- 
sion.”’ Additional data on the efficacy of sorafenib therapy in 
combination with conventional TACE and DEBs is expected 
from ongoing randomized controlled trials (NCT01004978, 
NCI0324076). 

A randomized controlled trial of brivanib therapy plus TACE 
(brivanib therapy started after TACE) compared to placebo plus 
TACE was terminated early after the results of Phase III random- 
ized controlled trials failed to demonstrate a benefit of brivanib 
in advanced HCC. An intent-to-treat analysis of the 502 patients 
who were randomized did not show improved overall survival 
associated with brivanib combined with TACE.” 

A small nonrandomized Phase II trial demonstrated a signifi- 
cantly lower recurrence rate after resection in patients treated with 
sorafenib for 4 months compared with no therapy.’’' However, 
the use of sorafenib as adjuvant therapy after an intended curative 
procedure, including resection or RFA, in a large randomized 
controlled trial (Sorafenib as Adjuvant Treatment in the Preven- 
tion of Recurrence of Hepatocellular Carcinoma, STORM) failed 
to meet its primary end point of improved recurrence-free sur- 
vival.” Currently there are no proven therapies available to 
decrease HCC recurrence after resection. 


Tyrosine Kinase Inhibitors 

The approval of sorafenib paved the way for the development of 
other molecular therapies that target different aspects of the angio- 
genic pathway. 
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Sunitinib is an oral tyrosine kinase inhibitor that inhibits 
VEGF1, VEGF2, PDGF receptor-&, PDGF receptor-B, and 
RET. Several Phase I studies, with various doses because of pro- 
nounced toxic effects, showed successful antitumor activity com- 
pared with placebo.” A Phase III trial (the SUN trial) randomly 
assigned 1068 patients to receive sunitinib at 37.5 mg daily or 
sorafenib at 400 mg twice daily. The trial was terminated because 
of severe adverse events from sunitinib such as neutropenia and 
thrombocytopenia, which developed in 25% to 30% of the study 
participants.” 

MET is a hepatocyte growth factor receptor tyrosine kinase 
whose overexpression is associated with a poor prognosis in HCC 
patients. The MET inhibitor tivantinib was evaluated in a Phase 
I study at a dosage of 240 mg twice daily and was found to be 
well tolerated. Subsequent studies targeted patients whose tumors 
have high MET expression by immunohistochemistry. In a Phase 
II randomized controlled trial patients in whom had first-line 
therapy failed and had high MET expression were randomized to 
receive tivantinib at 360 mg daily or placebo. Overall survival was 
7.2 months for patients who received tivantinib compared with 
3.8 months for patients who received placebo (hazard ratio 0.38; 
p=0.01).*” An ongoing Phase III international study, the Metiv- 
HCC study (NCI01755767), is investigating a more appropriate 
dosage of 240 mg twice daily. 

Brivanib is an oral tyrosine kinase inhibitor that selectively 
inhibits both fibroblast growth factor and VEGF signaling. Phase 
II trials with brivanib were initially very promising, with antitu- 
mor activity seen in patients in whom prior antiangiogenic therapy 
had failed.**° However, in the Phase III BRISK-PS study, which 
tested the efficacy of brivanib in patients in whom sorafenib 
therapy had previously failed, there was no improvement in 
overall survival with brivanib compared with placebo (9.4 vs. 8.2 
months). Although there was no improvement in overall survival, 
there was a clinically significant increased median time to progres- 
sion in patients treated with brivanib of 4.2 months compared 
with 2.7 months in patients who received placebo (hazard ratio 
0.56, 95% CI 0.42-0.76; p < 0.001) In the Phase II] BRISK-FL 
study, 1155 patients were randomized to receive brivanib at 
800 mg daily or sorafenib at 400 mg twice daily, with the primary 
end point of noninferiority. Both agents had similar activity, with 
an overall survival of 9.5 months for brivanib versus 9.9 months 
for sorafenib. Brivanib was not as well tolerated.” 

In attempt to block another pathway in the pathogenesis of 
HCC, drug trials have looked at the EGFR pathway. Erlotinib is 
an orally administered medication that inhibits the EGFR tyro- 
sine kinase.” In Phase II clinical trials, erlotinib at 150 mg daily 
used in 40 patients resulted in a median overall survival of 43 
weeks, with 17 patients having stable disease after 16 weeks of 
therapy.” Given the potential efficacy, The Sorafenib and Erlo- 
tinib, a Randomized Trial Protocol for the Treatment of Patients 
With Hepatocellular Carcinoma (SEARCH), looked at the com- 
bined use of sorafenib and erlotinib. In that trial, 720 patients, of 
whom most had BCLC Stage C disease, were randomly assigned 
to receive sorafenib at 400 mg twice daily and erlotinib at 150 mg 
daily or sorafenib and placebo. The trial found that the addition 
of erlotinib did not improve overall survival, with a median sur- 


vival of 9.5 months for the sorafenib plus erlotinib group com- 
pared with 8.5 months for the control group (p = 0.408). 

Linifanib is a tyrosine kinase inhibitor that inhibits both 
VEGF and PDGF. In Phase II trials it had similar efficacy as 
monotherapy when compared with the original Phase III trials of 
sorafenib.*' However, a recent Phase III clinical trial, the LIGHT 
trial, comparing linifanib at 17.5 mg with sorafenib at 400 mg 
twice daily found both medications had similar overall survival 
(9.1 vs. 9.8 months, 95% CI 8.3-11 months). The trial did not 
meet the primary end point to determine superiority and nonin- 
feriority results. Those taking linifanib had higher rates of grade 
3 and grade 4 adverse events.” 


Mammalian Target of Rapamycin Inhibitors 

Up-regulation of the mTOR pathway in HCC patients led to the 
development of mTOR inhibitors. Animal models demonstrated 
that mTOR inhibitors decrease cell proliferation, delay metasta- 
ses, and improve overall survival.” The first human study was 
the Everolimus for Liver Cancer Evaluation-1 (EVOLVE-1) study, 
which included 546 patients who were randomized to receive 
everolimus at 7.5 mg daily or placebo. There was no difference in 
overall survival between the two groups (7.5 vs. 7.3 months, 


hazard ratio 1.05; p = 0.675).°“ 


Immunotherapy 


Programmed death 1 (PD-1) is an immunoinhibitor receptor 
belonging to the CD28 family. PD-1 can be soluble or expressed 
on several cell types, including T and B lymphocytes, natural killer 
cells, and tumor-infiltrating lymphocytes. Overexpression of 
PD-1 has been associated with poor outcomes in several malig- 
nancies, including HCC. Its link to HCC was first seen in patients 
with HBV infection, with higher expression of PD-1 correlatin 
with increased viral loads and a 6.29-fold increase in HCC risk.*” 
A Phase I/II study with a PD-1 inhibitor, nivolumab, is ongoing. 
There are 47 patients in the study, and a complete response was 
reported in two patients (5%) and a partial response was reported 
in six patients (14%). Unlike other therapies, the responses thus 
far are of prolonged duration and researchers are projecting a 
1-year overall survival rate of approximately 62%.*“° 


Conclusion 


HCC is a leading cause of malignancy worldwide. The demo- 
graphic landscape has changed over the years with the improved 
treatments for HCV and the increasing number of cases attributed 
to fatty liver disease. Although we have a better understanding of 
the clinical course of HCC, our current treatment modalities are 
still limited for those patients with advanced disease. Future 
research dedicated to understanding biomarkers and tumor genet- 
ics may help develop targeted treatment regimens. 
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ABBREVIATIONS 


ABC-2 Advanced Biliary Cancer 2 

CCA cholangiocarcinoma 

CDK cell division kinase 

Cl confidence interval 

COX-2 cyclooxygenase 2 

CT computed tomography 

EBRT external-beam radiation therapy 

EGF epidermal growth factor 

EGFR epidermal growth factor receptor 

ERC endoscopic retrograde cholangiography 
EUS endoscopic ultrasound 

FISH fluorescence in situ hybridization 

FGFR-2 fibroblast growth factor receptor 2 

FLIP FLICE-inhibitory protein 

HBV hepatitis B virus 

HCC-CCA hepatocellular-cholangiocellular carcinoma 
HCV hepatitis C virus 

HGF hepatocyte growth factor 

hMLH1 human Mut L homolog 1 

HR hazard ratio 

hTERT human telomerase reverse transcriptase 
IDH isocitrate dehydrogenase 

IL-6 interleukin 6 

IL-33 interleukin 33 

MAPK mitogen-activated protein kinase 

Mcl-1 myeloid cell leukemia 1 

MMP matrix metalloproteinase 

MRC magnetic resonance cholangiography 

MRI magnetic resonance imaging 

NO nitric oxide 

OR odds ratio 

PDT photodynamic therapy 

PSC primary sclerosing cholangitis 

PTC percutaneous transhepatic cholangiography 
RT radiation therapy 

SBRT stereotactic body radiotherapy 

STAT signal transducer and activator of transcription 
TNF tumor necrosis factor 

TNM tumor node metastasis 

WISP1v WNT1-inducible signaling pathway protein 1 


Introduction 


Cholangiocarcinoma (CCA) is a malignancy of the bile ducts 
which has rising incidence. CCA is caused by malignant transfor- 
mation of cholangiocytes—the epithelial cells that line the bile 
ducts—and/or possibly biliary stem cells and hepatocytes.'* CCA 
accounts for 10% to 20% of all hepatobiliary neoplasms and is 
the second most common primary liver tumor.’ Anatomically, 
CCA is divided into three types (intrahepatic, perihilar, and distal; 
Fig. 47-1) based on its location along the biliary tree, each having 
discrete epidemiologic and clinical features and probable indepen- 
dent etiopathogenetic origins.’ Despite recent progress, a better 
understanding of CCA biology is needed. This increase in knowl- 
edge is likely to improve early detection and hopefully therapy 
for CCA.‘ 


Epidemiology and Risk Factors 


Epidemiology 


The incidence of CCA has increased over past decades.” Approxi- 
mately 5000 new cases of CCA are diagnosed every year in the 
United States.” However, it should be noted that in several 
registries perihilar CCAs are classified as intrahepatic CCAs (peri- 
hilar CCAs involve the right and left hepatic ducts and their 
confluence and extend from the insertion of the cystic duct up to 
the second-degree bile ducts). We believe this classification to be 
erroneous and consider perihilar CCAs a distinct subtype given 
their clinical and biologic characteristics.'' Mixed hepatocellular- 
cholangiocellular carcinoma (HCC-CCA) is the newly recognized 
phenotype of CCA. Mixed HCC-CCA expresses markers of hepa- 
tocellular and biliary differentiations and represents less than 1% 
of liver tumors. In this text we focus on the main subtypes of 
CCA (intrahepatic, perihilar, and distal). 

The epidemiology of intrahepatic as opposed to perihilar and 
distal CCA is different. Possible misclassification between these 
three kinds of CCA may affect reported epidemiologic parame- 
ters. In the United States, based on the Surveillance, Epidemiol- 
ogy, and End Results registries, the age-adjusted incidence rate of 
intrahepatic CCA increased slightly from 0.92 per 100,000 in 
1992-1995 to 0.93 per 100,000 in 2004-2007 (p = 0.07). In 
contrast, the incidence of extrahepatic CCA increased signifi- 
cantly from 0.70 per 100,000 in 1992-1995 to 0.95 per 100,000 
in 2004-2007 (p < 0.001).”"* These data took into consideration 
prior misclassification of perihilar CCA as intrahepatic CCA. 
Because of the epidemiologic disparity, we discuss the epidemiol- 
ogy of intrahepatic, perihilar, and distal CCA independently. 
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e Fig. 47-1 The term cholangiocarcinoma (CCA) refers to tumors involv- 
ing the entire biliary tree. Intrahepatic CCA denotes malignancies affect- 
ing the bile ducts inside the liver up to the second-degree bile ducts. 
Perihilar CCA extends from the second-degree bile ducts above the 
site of cystic duct insertion. Distal CCA extends distally from the site of 
cystic duct insertion to above the ampulla of Vater. (CCA, Distal cholan- 
giocarcinoma; ICCA, intrahepatic cholangiocarcinoma; pCCA, perihilar 
cholangiocarcinoma. 


The incidence of intrahepatic CCA varies across the world.” 
It is highest in northeast Thailand (96 per 100,000 men and 38 
per 100,000 women), probably due to the high prevalence of 
liver-fluke infestations. In the past, the average age of diagnosis 
of intrahepatic CCA was in the mid-50s, but there has been a 
recent shift in age of diagnosis towards the mid-60s. This observa- 
tion might relate to: (1) development of CCA in the context of 
ever-increasing chronic liver disease in the aging population; and 
(2) improved diagnosis, follow-up, and management of risk 
factors (i.e., primary sclerosing cholangitis [PSC], choledochal 
cysts) in younger individuals. Caucasians and African-Americans 
have a comparable age-adjusted incidence of intrahepatic CCA. 
In contrast, the incidence among Asians is twice as high as that 
of Caucasians. However, Caucasians are the only ethnic group in 
which a gradual increase in the age-adjusted incidence of intrahe- 
patic CCA is reported. 

The mortality related to intrahepatic CCA is also increasing 
worldwide.” In fact, the percentage increase in mortality from 
intrahepatic CCA was greater than that observed for hepatocellu- 
lar carcinoma. In the United States, the age-adjusted mortality rate 
for intrahepatic CCA increased from 0.07 per 100,000 in 1973 
to 0.69 per 100,000 in 1997.“ Mortality rates from intrahepatic 
CCA in American Indian and Native Alaskan groups reach 1.3 per 
100,000 and 1.4 per 100,000, respectively.'* Overall, the 5-year 
survival of patients with intrahepatic CCA remains disappoint- 
ingly low and practically unchanged over the decades.*'° This lack 
of progress occurs despite earlier detection and employment of 
aggressive surgical approaches (i.e., hepatectomy, extended lobec- 
tomy, vascular reconstruction, and portal vein embolization). 

The incidence of perihilar and distal CCA also differs across 
the globe. In the United States, the age-adjusted incidence of 
extrahepatic CCA has been reported to be 1.2 per 100,000 for 
men and 0.8 per 100,000 for women. As mentioned earlier, the 
overall incidence of extrahepatic CCA is increasing. Correspond- 
ingly, cumulative mortality rates have also increased by 39%." 
Mortality rates are higher in men compared with women (1.9 per 
100,000 and 1.5 per 100,000, respectively).'° 


TABLE x . . 
Cholangiocarcinoma Risk Factors 


Age (over 65 years old for de novo CCA) 
Primary sclerosing cholangitis (PSC) 
Liver fluke infestation 
Opisthorchis viverrini 
Clonorchis sinensis 
Caroli’s disease 
Choledochal cysts 
Bile duct adenoma and biliary papillomatosis 
Chronic intraductal stones (i.e., hepatolithiasis) 
Liver cirrhosis 
Chronic viral hepatitis C and B 
Thorotrast 
Surgical biliary-enteric drainage procedures 
Toxins (dioxin, polyvinyl chloride) 
Obesity 
Metabolic syndrome 
Diabetes mellitus 


Risk Factors 


Most patients diagnosed with CCA do not have or have not 
been exposed to known risk factor(s) associated with the disease 
(Table 47-1).° Primary sclerosing cholangitis (PSC) is a definite 
risk factor for CCA. The risk for developing CCA in a patient 
with PSC is approximately 1.5% per year after diagnosis of the 
cholestatic liver disease.” Interestingly, among PSC patients who 
develop CCA, approximately 50% are found to have malignancy 
of the bile duct” within 2 years of the diagnosis of PSC.'* This risk 
lowers to 7% for the 2- to 10-year period after diagnosis of PSC.” 

Liver flukes, namely Opisthorchis viverrini and Clonorchis sinen- 
sis, are strongly associated with CCA. These liver worms inhabit 
the bile ducts and sporadically the gallbladder. Individuals become 
infected with these parasites by eating undercooked fish. In 
patients with choledochal cysts (i.e., congenital cystic dilatation 
of bile ducts) the lifetime risk of developing CCA is approximately 
10% to 15%, and the median age of diagnosis is 34 years.” 
Intrahepatic biliary stones (i.e., hepatolithiasis) are frequent in 
Asia but rare in western countries. Studies have reported the 
association of hepatolithiasis with peripherally located intrahe- 
patic CCA.”' Thorotrast is a colloidal suspension of *’ThO,, 
which mainly emits alpha-particles and was used as a contrast 
agent in radiology from the 1930s to the 1950s. Thorotrast causes 
microsatellite instability and subsequently CCA, probably via 
clonal expansion of cholangiocytes and inactivation of human 
Mut L homolog 1 (hMLH1) by hypermethylation.” In addition, 
toxins like dioxin and polyvinyl chloride have been postulated to 
contribute to development of CCA. Recently, chronic hepatitis B 
virus (HBV), hepatitis C virus (HCV), and cirrhosis have been 
added to the list of risk factors for development of intrahepatic 
CCA. HCV has a stronger association with intrahepatic CCA in 
western countries and Japan. A HBV association with CCA has 
been demonstrated in Asian countries. Metabolic syndrome, dia- 
betes mellitus, and obesity were also associated with intrahepatic 
CCA in recent epidemiologic studies.'*’*** Common features 
among several of the risk factors of CCA include chronic inflam- 
mation of the bile ducts and cholestasis. As discussed later in this 
chapter, both these events are likely to contribute to the malignant 
transformation of biliary epithelia. 


Molecular Pathogenesis 


Recently, there has been considerable progress in understanding 
the molecular pathogenesis of CCA. It is widely accepted that 
malignant transformation of biliary epithelium takes place amidst 
a milieu of chronic inflammation of the bile ducts along with per- 
sistent cholestasis. This environment causes increased production 
of cytokines and reactive oxygen species, resulting in protracted 
cellular (i.e., cholangiocyte) stresses and accrual of irreversible 
DNA damage.' Subsequently, cholangiocytes undergo malignant 
transformation, namely, attain molecular changes and develop 
cellular and subcellular characteristics that are otherwise lacking 
in normal conditions. Table 47-2 shows the proposed contribut- 
ing pathways. The molecular alteration of cholangiocytes, which 
leads to carcinogenesis is a multifaceted process of interrelated 
events. A recent integrative molecular analysis of 119 intrahepatic 
CCAs identified two gene signatures, an “inflammatory” class and 
a “proliferation” class.” The former demonstrated activation of 
pathways responsible for overexpression of cytokines and signal 
transducer and activator of transcription 3 (STAT3). The prolifer- 
ation subtype (62% of cases), demonstrated alterations in expres- 
sion of oncogenes KRAS, RAS, MAPK, MET, and BRAE among 
others. CCA subtypes exhibit differing biologic behavior that 
is likely dependent on genetic alterations. Pathogenic pathways 


TABLE 
47-2 
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contributing to intrahepatic CCA are not necessarily pertinent 
to perihilar or distal CCAs. For example, alterations in isocitrate 
dehydrogenase 1 (IDH1) and DNA repair genes are observed in 
intrahepatic CCA (18% of intrahepatic CCA), whereas aberra- 
tions of the ERBB2 oncogene occur in extrahepatic CCA (25% 
of tumors).”° Provocatively, the most recent studies with genetic 
models demonstrated the potential contribution of differentiated 
liver cell subtypes, including hepatocytes, to cholangiocarcinogen- 
esis.” This might explain why viral hepatitis and cirrhosis are risk 
factors for CCA. Despite impressive advancements, the tempo 
of the research is limited by difficulties in sample acquisition 
from perihilar CCAs. These tumors are highly desmoplastic and 
therefore obtaining adequate cells for studies is challenging. Some 
of the major genetic aberrations observed in CCA are discussed 
later in this chapter. 

Dysregulation of cell proliferation, differentiation, and mor- 
phogenesis can lead to malignant transformation. For instance, 
the fibroblast growth factor receptor (FGFR) is a transducer of 
signals for cell differentiation and mitogenesis. Several FGFR2 
gene fusions have been described in CCA, including FGFR2- 
BICC1, FGFR2-MGEA5, and FGFR2-TACC3 (Fig. 47-2). It was 
proposed that FGFR fusion partners mediate oligomerization, 
which triggers activation of the respective FGFR kinase.” The 
FGFR2 tyrosine kinase fusion occurs in up to 17% of intrahepatic 


Molecular Alterations of Cholangiocyte Malignant Transformation 


Autologous proliferation signaling IL-6, gp80/gp130 up-regulation 
HGF/c-met up-regulation 
EGF/c-erbB-2 up-regulation 


COX-2 up-regulation 


Sugawara et al.” 

Yokomuro et al.,°" Lai et al.“ 

Ito et al., Kiguchi et al.“ 

Chariyalertsak et al., Endo et al., Yoon et al.” 


KRAS mutations Kang et al., Tannapfel et al.” 
Loss of antigrowth signaling p53 mutations Kang et al.°° 
p21/WAF mutations Furubo et al.'“° 


Mdm2 up-regulation 
p16" mutation 


Furubo et al.'“° 
Tannapfel et al.,°’ Ahrendt et al.°° 


Evasion of apoptosis FLIP up-regulation 
NO inhibition of caspases 
Bcl-2 up-regulation 


Bcl-xL up-regulation 


Que et al. 
Torok et al. 
Harnois et al.'“ 
Okaro et al. “? 


Mcl-1 up-regulation Yoon et al.” 

COX-2 up-regulation Nzeako et al. 

miR-29 down-regulation Mott et al.’° 
Unlimited replicative potential Telomerase activity Itoi et al.ĉ®®° 


Angiogenesis VEGF overexpression 


Benckert et al.” 


Tissue invasiveness and metastasis E-cadherin down-regulation 


a-catetin and B-catetin down-regulation 
Matrix metalloproteinase (MMP) up-regulation 
Human aspartyl (asparaginyl) B-hydroxylase overexpression 


WISP1v overexpression 


Ashida et al.'“° 
Ashida et al.'“° 
Terada et al.” 
Lavaissiere et al., Ince et al., Maeda et al.” 
Tanaka et al.’° 


Epigenetic modifications IDH1, IDH2 hot spot mutations 


Churi et al., Saha et al. 


Survival signaling 


FGFR2 fusions; Notch, Hedgehog pathway overexpression 


Razumilava et al.,'° Ang et al., Borad et al.” 


COX-2, Cyclooxygenase-2; EGF epidermal growth factor; FGFR, fibroblast growth factor receptor; FLIP FLICE-inhibitory protein; HGF hepatocyte growth factor; /DH, isocitrate dehydrogenase; 
IL-6, interleukin 6; NO, nitric oxide; VEGF vascular endothelial growth factor; WAF wild-type p53 activated fragment 1; WISP7v, WNT1-inducible signaling pathway protein 1. 
Modified from Berthiaume EP, Wands J. Molecular pathogenesis of cholangiocarcinoma. Semin Liver Dis 2004; 24:127-137. 
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e Fig. 47-2 FGFR2 gene fusion events. Transcripts and hypothetical protein products are modeled to 


illustrate the potential functional impact of fusion events involving FGFR2 (A-C). The identified fusi 


on events 


involving MGEA5S (A) and BICC1 (C) are chromosome 10 intrachromosomal (D). The fusion event involving 


FGFR2 and TACC3 (B) is interchromosomal (D). All identified fusion breakpoints are close in 
and are predicted to occur within the last intron of the transcript and terminal to a known protei 


proximity 
n tyrosine 


kinase domain (A-C, gold domain). In all cases, fusions result in a predicted expansion of casein kinase 
Il phosphorylation and protein kinase C phosphorylation sites. A protein product model is shown only for 
one of the reciprocal events involving the FGFR2 and BICC1 genes (FGFR2->RBICC7, C). The fusion 
breakpoints of the reciprocal events affect Exons 1 and 2 of the BICC7 gene, which translates to a dif- 


ference of a predicted phosphoserine site within the casein kinase II phosphorylation region 


C, purple 


triangle within red circle). BICC1, Bicaudal C homolog 1 gene; FGFR2, fibroblast growth factor receptor 
2; MGEA5, meningioma-expressed antigen 5 (hyaluronidase); TACC3, transforming acidic coiled-coil 
containing protein 3. (Modified from Borad Mu, et al. Integrated genomic characterization reveals novel, 
therapeutically relevant drug targets in FGFR and EGFR pathways in sporadic intrahepatic cholangiocar- 


cinoma. PLoS Genet 2014;10:e1004135.) 


CCAs and is associated with a more indolent clinical course. 
FGFR inhibitors are available for use in a clinical practice and 
were utilized in patients with CCA as the first example of targeted 
therapy for biliary cancer.***' The FGFR2-MGEAS fusion treated 
with ponatinib and the FGFR2-TACC3 fusion treated with pazo- 
panib and subsequently ponatinib demonstrated clinical effective- 
ness in patients with intrahepatic CCA. However, consecutive 
resistance development and off-target effects are still drawbacks of 
these therapies. 

Under normal conditions, cholangiocytes retain tissue homeo- 
stasis despite exposure to proliferation signals. However, chronic 
biliary inflammation causes local interleukin 6 (IL-6) and hepa- 
tocyte growth factor (HGF) production, which are initially 
derived from periductal stromal cells (i.e., stellate cells). IL-6 is 
a powerful mitogen involved in cholangiocyte proliferation, as 
reported in both animal and human studies.” IL-6 binds to 
its plasma membrane receptor, forming the active heterodimer, 
gp80/gp130 that in turn stimulates cellular transcription through 
the mitogen-activated protein kinase (MAPK)/signal transducer 
and activator of transcription (STAT) pathway.” Interestingly, 
malignant, but not normal, cholangiocytes also produce high 
levels of IL-6” and overexpress the gp80/gp130 heterodimer. A 


new genetic model of CCA suggests that biliary mitogen inter- 
leukin 33 (IL-33) imposes its carcinogenic effect via the IL-6 
axis.” HGF also promotes cholangiocyte growth via its plasma 
membrane receptor, c-met.”””’ In addition, CCA cells achieve 
an endogenous capacity to produce HGF and up-regulate its 
c-met receptor.**“°"! Hence, through the IL-6 and HGF path- 
ways malignant cholangiocytes maintain autologous proliferating 
mechanisms. 

Another mechanism that contributes to cholangiocarcinogen- 
esis is the signaling activation of epidermal growth factor (EGF) 
and its receptor (EGFR).*?? Interaction of EGF with EGER leads 
to activation of the MAPK pathway.“ The c-erb-B2 protein, a 
homolog of EGER, is a tyrosine kinase that is activated in CCA.“! 
Indeed, constitutive expression of c-erb-B2 in gallbladder epithe- 
lium leads to adenocarcinoma.“ When a patient with a mutation 
in the gene encoding the direct negative regulator of EGFR, 
ERRFI1, was treated with an EFGR inhibitor, erlotinib, a rapid 
response with tumor regression was observed.” 

Cyclooxygenase 2 (COX-2), an isoform that catalyzes the for- 
mation of prostaglandins from arachidonic acid, is induced by 
mitogens and cytokines“ and is involved in the pathogenesis of 
CCAs. COX-2 is overexpressed in malignant, but not normal, 


cholangiocytes.*”“* The complex and interrelated processes of car- 
cinogenesis in bile ducts is indicated by the fact that IL-6, HGF 
and EGF stimulate COX-2 expression in cholangiocytes.**”” The 
exact mechanism by which COX-2 causes CCAs is uncertain, but 
probably involves inhibition of apoptotic pathways. 

KRAS is an oncogene that plays an important role in mitogenic 
cellular signals. Mutations of this gene have been detected in over 
20% of biopsy-proven CCAs.”””' KRAS mutations have been asso- 
ciated with perihilar CCAs and periductal tumor extension.”””” 

In addition to biliary inflammation as a precipitant of cho- 
langiocarcinogenesis, CCA demonstrates an inherent tropism for 
bile. For example, bile acids have been reported to transacti- 
vate the EGFR and to promote the expression of COX-2 in 
cholangiocytes.”»” 

Critical pathways that inhibit cell proliferation are usually lost 
during cholangiocarcinogenesis. For instance, loss of heterozygoc- 
ity for the tumor suppressor gene p53 is frequent in CCA with 
p53 genetic alterations observed in up to 35% of intrahepatic and 
45% of extrahepatic CCAs.””” This gene alteration is also a most 
frequent finding in a fluke-associated CCA (44%).”° The p53 gene 
directs the cellular machinery of cell cycle and apoptosis. Regard- 
ing the cell cycle, p53 regulates the p21/WAF1 (wild-type p53 
activated fragment 1) protein which binds to the cell division 
kinase (CDK) 4-cyclin D complex. Thus, p53 causes negative 
feedback of the CDK4-cyclin D complex, therefore averting 
phosphorylation of Rb and, as a result, release of the E2F tran- 
scription factor.” Moreover, p53 can induce apoptosis by pro- 
moting Bax insertion in the mitochondrial membrane and 
stimulating mitochondrial depolarization and subsequent apop- 
tosis. Inactivation of the p14/mdm/p53 pathway and the p16 (a 
tumor suppressor gene) via a variety of molecular mechanisms has 
been described in de novo CCA and in PSC-associated CCA.” 
As shown in Table 47-2, p53, p21/WAF1, and p16 mutations are 
involved in loss of critical cell signaling, which may allow the 
development of CCA. 

Apoptosis is an important cellular mechanism that controls 
tissue homeostasis. Disarrangement of apoptosis may lead to 
aberrant cell proliferation. Ligand activation of the Fas/TRAIL 
(tumor necrosis factor [TNF]-related apoptosis-inducing ligand)/ 
TNF-receptor family or release of cytochrome c by mitochondria 
causes activation of caspases, resulting in DNA fragmentation 
and cell destruction.“ As mentioned earlier, both chronic biliary 
inflammation and chronic cholestasis cause persistent cholangio- 
cyte stress and DNA damage. Thus, apoptosis serves as a scaven- 
ger for cells that develop malignant transformation. Loss of the 
protective function of apoptosis in cholangiocytes may result in 
development of CCA. Cholangiocytes express the Fas receptor on 
plasma membrane” and respond to FAS ligand stimulation with 
apoptosis. In a CCA cell-line there was diminished responsiveness 
of the Fas/FAS ligand due to alteration of the FLICE-inhibitory 
protein (FLIP).® FLIP inhibits activation of procaspase 8, causing 
attenuated signaling via the Fas/FAS ligand pathway.’ Moreover, 
cholangiocytes under the effect of nitric oxide (NO) display inhi- 
bition of both caspase 3 and 9, probably via nitrosylation, and 
become relatively resistant to apoptosis.°’ COX-2 induced by 
inflammation is antiapoptotic. Up-regulation of COX-2 inhibits 
Fas/FAS ligand-induced apoptosis by increasing expression of the 
inhibitory protein myeloid cell leukemia 1 (Mcl-1).“ Interest- 
ingly, bile acids, which are elevated in CCA have a positive effect 
on the expression of Mcl-1 protein via inhibition of proteosome 
degradation.” Besides bile acids, inflammatory mediators could 
up-regulate Mcl-1. Asa result, potential malignant cholangiocytes 
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are averted from apoptosis. Importance of Mcl-1 is also empha- 
sized by a presence of Mcl-1 genetic aberrations in 16% of cases 
of intrahepatic CCAs.”° 

Cancer survival advantages can be also achieved by epigen- 
etic changes regulated by a milieu of means including meth- 
ylation. Mutations of the enzymes participating in regulation of 
methylation, IDH1 and IDH2, can lead to overproduction of 
2-hydroxyglutarate. Accumulation of 2-hydroxyglutarate inhib- 
its the function of o-ketoglutarate-dependent enzymes control- 
ling histone demethylation and DNA modification.” JDH1 and 
IDH2 mutations are observed in 10% to 23% of gastrointestinal 
and biliary cancers and are targetable.'*”® In addition, the serum 
level of 2-hydroxyglutarate can be measured and serve as a poten- 
tial tumor marker. 

CCAs are able to grow perpetually. In contrast, normal cho- 
langiocytes, like other types of cells, undergo a defined number 
of cellular divisions prior to undergoing senescence owing to 
progressive telomere shortening. Telomeres are long stretches of 
repeat sequences present at the end of chromosomes that are 
involved in DNA synthesis. After multiple cell cycles, telomere 
shortening causes chromosomal instability and renders cells 
unable to divide.®° Preservation of telomere shortening via over- 
expression of the human telomerase reverse transcriptase (hTERT) 
allows cancers, including CCAs, to sustain chromosomal replica- 
tion and therefore to maintain continual proliferation.” Detect- 
able hTERT activity and increased expression of hTERT mRNA 
have been reported in intrahepatic CCA.°*” 

Angiogenesis is promoted by many malignancies to ensure the 
adequate blood supply of oxygen and nutrients to constantly 
dividing tumor cells. CCAs have a rich vascular supply and intra- 
hepatic CCAs express vascular endothelial growth factor (VEGF). 
Moreover, in a CCA cell line, increased expression of VEGF was 
dependent on transforming growth factor-B (TGF-f) stimula- 
tion.” The TGF-B and its inducer SMAD, which is mutated in 
16.7% of liver fluke-associated CCAs, has been associated with 
an increased metastatic potential. * 

Invasiveness of the surrounding tissue and metastasis are fea- 
tures of neoplasia. E-cadherin, a cell surface protein, is involved 
in cellular adhesion and, therefore, metastases. Intrahepatic CCAs 
have reduced expression of E-cadherin associated with advanced 
tumor histologic stage.” Matrix metalloproteinases (MMPs) have 
been reported to be up-regulated in CCA, an event which was 
associated with clinical invasiveness.” Moreover, the human 
aspartyl B-hydroxylase (HAAH), a protein involved in tumor 
invasion, is expressed in hepatocellular carcinoma and CCA.” 
HAAH involves posttranscriptional hydroxylation of B-carbons 
on specific residues present in EGF-like domains of proteins that 
participate in cell migration and motility.” Expression of HAAH 
in transfected cell lines was associated with anchorage-independent 
growth and tumor development in nude mice.” CCA cell lines 
have been reported to overexpress HAAH.” Another protein asso- 
ciated with connective tissue growth factor family, termed WISP 1v 
(WNT 1-inducible signaling pathway protein 1), is also overex- 
pressed in CCA.” Overexpression of WISP1v was linked with 
lymphatic and perineural CCA invasion.” 

MicroRNAs, small noncoding RNAs, are the new class of 
potent regulators of gene expression. By modulating the expres- 
sion of multiple genes, including those described earlier, micro- 
RNAs participate in a variety of CCA cell processes.” Thus, 
miR-29 is a negative regulator of antiapoptotic Mcl-1 and its 
expression is decreased in a CCA cell line.” Cell-to-cell adhesion 
is regulated by miR-26a, which targets glycogen synthase kinase 
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(GSK)-3B messenger RNA, aiming it for degradation. In CCA, 
microRNAs are also implicated in development of chemoresis- 
tance (miR-21, miR-200b, miR-29b, miR-205, and miR-221) 
and evasion of apoptosis (miR-29, miR-25, miR-31, miR-204, 
miR-320, miR-421, and miR-886). 

Other pathways involved in cholangiocarcinogenesis include 
Notch signaling controlling cell differentiation, the morphogenic 
Hedgehog pathway, and platelet-derived growth factor (PDGF) 
signaling.'* Whereas mTOR activation in CCA was demon- 
strated in several studies, interestingly, it was associated with 
poor outcomes in patients with extrahepatic CCA but more dif- 
ferentiated tumors in patients with intrahepatic CCA.” Tumor 
microenvironment provides a niche for cancer development and is 
enriched with cancer-associated fibroblasts. The latter participate 
in tumor-stroma cross talk, provide growth signals, and promote 
angiogenesis." 

Thus, several successful strikes are made toward better under- 
standing of CCA biology and development of new targeted 
therapies for CCAs. Contemporary observations of IDH gene 
mutations and fibroblast growth factor receptor 2 (FGFR2) 
fusions in intrahepatic CCAs can allow application of IDH and 
FGFR inhibitors in CCAs in the clinic. A tumor classification 
based on the predominant driving oncogenic pathway rather than 
on only location or stage should be considered. This is an impor- 
tant paradigm of treatment shift in CCA from cytotoxic therapies 
to therapies targeting oncogenic drivers. 


Pathology and Classification 


Most CCAs are adenocarcinomas by histopathology. They usually 
are well-differentiated to moderately-differentiated tubular adeno- 
carcinomas within a dense extensive desmoplastic stroma. Other 
histologic variants of CCA include papillary adenocarcinoma, 
signet-ring carcinoma, squamous cell or mucoepidermoid carci- 
noma, and a lymphoepithelioma-like form. 

CCAs are classified into intrahepatic, perihilar, and distal (see 
Fig. 47-1). Approximately 50% of CCA cases involve the perihilar 
bile ducts, 25% involve the distal bile ducts, and the remaining 
25% are represented by intrahepatic CCAs. The Bismuth-Corlette 
classification of perihilar CCA, which is used for evaluation of 
surgical resectability, is shown in Fig. 47-3. Based on growth pat- 
terns, perihilar and distal CCAs can be sclerosing, nodular, and 
papillary. The sclerosing type is the most common and causes 
annular thickening of the bile ducts due to infiltration and fibro- 
sis. Intrahepatic CCA often grows as a mass lesion, accounting for 
approximately one quarter of bile duct tumors, and can be con- 
fused with hepatocellular carcinoma. Intrahepatic CCAs can be 
solitary or multinodular. It might also be well demarcated as a 
mass lesion or as a diffuse infiltrating neoplasm growing along the 
intrahepatic bile ducts. 


Clinical Presentation and Diagnosis 
Perihilar and Distal CCA 


Patients with perihilar and distal CCA present with symptoms, 
signs, and biochemical laboratory tests of obstructive cholesta- 
sis. They often complain of jaundice, dark urine, pale stools, 
pruritus, malaise, and weight loss. Laboratory tests reveal an 
increased alkaline phosphatase and bilirubin. The serum level of 
carbohydrate antigen 19-9 (CA19-9) is often elevated. CA19-9 
detects circulating high-molecular-weight mucin glycoproteins 
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e Fig. 47-3 The Bismuth-Corlette classification of perihilar cholangio- 
carcinoma (CCA). Type | CCA affects the common hepatic duct; Type Il 
CCA involves the common hepatic duct and the confluence of the right 
and left hepatic ducts; Type Illa and lllo CCA includes the common hepatic 
duct and either the right or left hepatic duct, respectively; and Type IV 
CCA involves the biliary confluence and extends to both right and left 
hepatic ducts or refers to multifocal bile duct tumors. 


coated with sialylated blood group epitopes (i.e., sialyl Lewis),*° 
therefore CA19-9 blood levels depend on the Lewis phenotype.*’ 
Approximately 7% of the population are Lewis-negative and thus 
these individuals have an undetectable CA19-9 in the presence 
of malignancy.” Furthermore, CA19-9 is not specific for CCA. 
Pancreatic, gastric, colorectal, and gynecological cancers, bacterial 
cholangitis, and smoking can cause elevation of CA19-9. A cutoff 
of 129 U/mL is used for diagnosis of CCA in PSC. However, 
more than 30% of patients with PSC and CA19-9 levels greater 
than 129 U/mL are free of cancer long-term.” 

In perihilar and distal CCA, imaging studies, computed 
tomography (CT), and magnetic resonance imaging (MRI) scans 
demonstrate dilatation of the biliary tree and often localize the 
level of biliary obstruction. Unilobular bile duct obstruction 
usually causes atrophy of the affected lobe along with hypertrophy 
of the nonaffected lobe, a phenomenon known as the atrophy- 
hypertrophy complex.” Endoscopic retrograde cholangiography 
(ERC, Fig. 47-4) and magnetic resonance cholangiography 
(MRC, Fig. 47-5) are common procedures to define the position 
and extent of CCA along the biliary tree. Percutaneous transhe- 
patic cholangiography (PTC) might be an alternative to ERC 
when the endoscopic approach is not feasible. Brush cytology 
and endoscopic biopsies of the bile ducts can be obtained during 
ERC for histopathologic diagnosis. An ERC of a patient with 
a perihilar CCA is shown in Fig. 47-4. Tissue-proven diagnosis 
can be challenging because CCA is a highly desmoplastic tumor 
consisting of excessive fibrous tissue with few aggregations of 
malignant cholangiocytes. This desmoplastic reaction surrounds 
the bile ducts and extends into the submucosal tissue, making the 
diagnosis of CCA based on biliary cytology findings only possible 
in approximately 30% of cases.“ 

Fluorescence in situ hybridization (FISH) is a newly estab- 
lished method to assess cellular aneuploidy and chromosomal 
duplication in CCA. FISH utilizes fluorescently labeled DNA 
probes to detect cholangiocytes with chromosomal alterations 


(Fig. 47-6). The presence of significant populations of cells with 
chromosomal gains indicates the possibility of biliary malignancy. 
A positive test is defined when five or more cells display gains of 
two or more chromosomes, or 10 or more cells demonstrate a 
gain of a single chromosome (defined as polysomy, an equivalent 
of aneuploidy). To perform a FISH study, bile duct brushings are 


e Fig. 47-4 An endoscopic retrograde cholangiography (ERC) demon- 
strating a perihilar cholangiocarcinoma causing obstruction of the biliary 
bifurcation with the peripheral dilation of the bile ducts. 
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collected at the time of ERC and cells are fixed on a slide. Then 
four fluorescently labeled DNA probes hybridize to the centro- 
mere of chromosomes 3, 7, and 17 and the p/6 gene on chromo- 
some 9 (9p21). After hybridization, the slide is stained with the 
nuclear counterstain 4’,6-diamidino-2-phenylindole (DAPI) and 
fluorescence microscopy is used to scan the slide for atypical cells 
(i.e., gains of chromosomes 3, 7, 9, and 17; see Fig. 47-6). If the 
number of cells with chromosomal gains (i.e., polysomy) observed 
is adequate to declare the test positive, then the percentage of 
abnormal cells is calculated. In a large study of 498 consecutive 
patients undergoing ERC for pancreatobiliary strictures, poly- 
somy of FISH had high sensitivity (42.9%) compared with 
routine cytology (20.1%) and both tests displayed identical speci- 
ficity.°”*° Test sensitivity for detection of perihilar CCA is 38% to 
58% as compared with 15% sensitivity of conventional cytology.” 
Serial polysomy, especially in combination with CA19-9 of 
129 U/mL or greater, is a strong predictor of CCA development 
and precedes diagnosis of CCA by imaging studies by 2.7 years.*”** 

Endoscopic ultrasound (EUS) has applicability in determining 
the nature of biliary strictures and assists with delineation of 
tumor location and size, involvement of vascular structures, and 
lymph nodes. EUS-guided fine-needle aspiration biopsy of sus- 
pected CCA has specificity, sensitivity, and positive predictive 
value of 86%, 100%, and 100%, respectively.” However, if liver 
transplantation is a potential treatment approach, tumor biopsy 
should be strongly discouraged due to the high risk of needle- 
track seeding.” The contribution of CT and MRI scans in the 
management of CCAs is to aid the diagnosis and to evaluate 
tumor resectability. In perihilar CCAs, magnetic resonance chol- 
angiogram (MRC) images may show moderately irregular thick- 
ening of the bile duct wall associated with proximal biliary 
dilatation.” In clinical practice, it is not uncommon to make the 
diagnosis of perihilar and distal CCA based solely on clinical, 
laboratory, and imaging findings in the absence of tissue-proven 


e Fig. 47-5 A magnetic resonance imaging (MRI) and magnetic resonance cholangiography (MRC) 
demonstrating a perihilar cholangiocarcinoma with a concentric thickening of the bile duct (A) and biliary 
obstruction (B) indicated by arrows. 
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e Fig. 47-6 Fluorescently labeled DNA probes decorating genomic loci on four separate chromo- 
somes. Red probe indicates chromosome 3, green probe specifies chromosome 7, gold probe points 
to chromosome 9, and aqua color identifies chromosome 17. Normal cholangiocytes (A) have two dupli- 
cates of each probe, as expected for normal diploid cells. Malignant cholangiocytes (B) reveal gains of 
chromosomal probes, suggesting polysomy. 


diagnosis. Perhaps the greatest challenge is to diagnose CCA in 
patients with PSC. The patient may present with a dominant 
biliary stricture that makes differentiation between a benign stric- 
ture and CCA difficult. In a patient with PSC, sudden and unex- 
pected clinical deterioration, coupled with progressive elevation 
of alkaline phosphatase and serum CA19-9 values greater than 
100 U/mL, in the absence of bacterial cholangitis, strongly indi- 
cates the development of CCA. F 1 provides an algorithm 
for evaluation of patients with bile duct dilation suspicious for 
CCA. A serum level of IgG4 should be obtained in patients with 
biliary strictures to rule out IgG4-related disease. However, ele- 
vated IgG4 levels can be present in CCA and do not rule out 
cancer. In a proper clinical setting, additional tissue staining for 
IgG4-positive plasma cells might be indicated to confirm IgG4- 
related disease.” 


Intrahepatic CCA 


Intrahepatic CCA presents with nonspecific symptoms and signs 
of a liver mass lesion, such as abdominal pain, anorexia, weight 
loss, malaise, and night sweats. An incidental abdominal mass 
during physical exam or imaging study may be the sole finding 
in asymptomatic patients. Laboratory tests reveal an elevated alka- 
line phosphatase with a normal bilirubin. CA19-9 is likely to be 
increased.“ The diagnosis of intrahepatic CCA is commonly made 
by the exclusion of other primary or metastatic hepatic mass 
lesions, which in many occasions could imitate the former. Using 
cross-sectional MRI, intrahepatic CCA appears hypointense and 
hyperintense on T1- and T2-weighted images, respectively.” ™ The 
utility of positron emission tomography (PET) is limited due to 
the high rate of PET-negative lesions, but PET may be helpful in 
diagnosis of metastatic disease.” At times, liver biopsy of the 
mass lesion is the definitive approach to make the correct diagno- 
sis. Fig. 4 3 offers an algorithm for evaluation of the liver mass 
with and without cirrhosis. 


Staging 


Clinical staging of CCA is necessary to identify potential candi- 
dates for surgical resection, prognosis, and, ideally, response 
within a clinical trial. 5 describe the 
tumor node metastasis s (TNM) selastiction o intrahepatic, 
perihilar, and distal CCAs, respectively. The value of the TNM 
categorization system for perihilar and distal CCAs is limited. This 
is because the TNM system relates to surgically obtained histopa- 
thology but not to clinical extension of the disease, and the latter 
is more important in making decisions for surgical resection of 
the tumor. During clinical staging of perihilar and distal CCAs, 
the proximal and distal margins of the tumor should be clearly 
identified. Obtaining high-quality imaging studies of the bile 
ducts, liver, vascular structures, and lymph nodes can attain this 
aim. ERC, MRC, PTC, and EUS can be used, often in combina- 
tion, to map the tumor boundaries. It is crucial to rule out vas- 
cular encasement of the contralateral (i.e., nonaffected) liver lobe 
by CCA and to verify the patency of the portal vein and hepatic 
artery before committing to partial hepatectomy. Regional metas- 
tases should be excluded. To this end, EUS is superior compared 
with conventional cross-sectional abdominal imaging (i.e., MRI) 
to exclude metastatic disease. This is particularly important for 
doubtful-appearing regional lymph nodes, which can be biopsied 
during EUS to rule out metastatic disease. Indeed, 15% to 20% 
of CCA patients with unremarkable abdominal imaging studies 
have metastatic lymph node involvement based on EUS evalua- 
tion.” The current TNM system is based on surgical acquisition 
of tissue, which limits the clinical assessment of patients with 
CCA. A classification system that includes information about 
disease extent without subjecting the affected patients to surgical 
resection would be more desirable. Such staging systems for intra- 
hepatic, perihilar, and distal CCAs have been proposed and may 
facilitate the evaluation of nonsurgical therapies. The new 
clinical staging system of perihilar CCAs was recently introduced 


CHAPTER 47 Cholangiocarcinoma MTL) 


Cross-sectional imaging study: 
bile duct dilation with/without 
associated mass 


ý 


ERC with brushings/biopsy/dilation/stenting 
and serum CA19-9 with IgG4 


E EE 


Dominant stricture Negative T Serum IgG4 
with positive cytology/biopsy/polysomy and/or positive 
cytology/biopsy/polysomy with CA19-9 129 U/mL immunohistochemistry 
and no mass for IgG4 
EUS for perihilar CCA Accelerated recall: 
staging with lymph repeat studies in 
nodes biopsy 3-4 months 


E 


If operable: Inoperable and meets Not a surgical/transplant Trial of 
consider surgery transplant criteria: candidate: consider corticosteroid therapy 
consider liver systemic therapy and 
A transplantation metal stent 


Intrahepatic mass ona 
cross-sectional imaging study 


Cirrhosis No cirrhosis 


Mass with Mass with Inoperable biopsy 
typical for atypical for Operable confirmed 
HCC features HCC features intrahepatic CCA 
HCC Consider No extrahepatic Extrahepatic 
£ biopsy metastases metastases 
Intrahepatic 
CCA 
Consider surgery, Consider : 
Treat as loco-regional Surgery loco-regional Consider 
HCC therapy, and/or therapy and/or systemic therapy 
B systemic therapy systemic therapy 
¢ Fig. 47-7 Approach to management of cholangiocarcinoma. Algorithm for management of bile duct dilation with 
and without associated mass (A) and for management of intrahepatic mass on a cross-sectional imaging study in 


patient with and without cirrhosis (B). CA79-9, Carbohydrate antigen 19-9; ERC, endoscopic retrograde cholangiog- 
raphy; EUS, endoscopic ultrasound. (Reproduced with modifications from Razumilava N, Gores Gu. Classification, 
diagnosis, and management of cholangiocarcinoma. Clin Gastroenterol Hepatol 2013;11:13-21 e1; quiz e3-4.) 
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WAE Tumor Node Metastasis (TNM) Pathological 
eZee Classification of Intrahepatic 
Cholangiocarcinoma 


| Jil NO MO 
ll T2 NO MO 
lll 13 NO MO 
IVA T4 or any T N1 MO 
IVB Any T Any N M1 


MO, No distant metastasis; M1, distant metastasis; MO, no regional lymph node metastasis; 
N1, regional lymph node metastases; 77, solitary tumor without vascular invasion; 72a, soli- 
tary tumor with vascular invasion; 72b, multiple tumors with vascular invasion; 73, tumor 
perforating the visceral peritoneum or involving the local extrahepatic structures by direct 
invasion; 74, tumor(s) with direct invasion of adjacent organs other than gallbladder or with 
perforation of visceral peritoneum. 

Data from Sobin LH, Gospodarowicz MK, Wittekind C, editors. International Union against 
Cancer (UICC): TNM classification of malignant tumors, 7th ed. Oxford: Wiley-Blackwell, 2009. 


wwN=)8-3 Tumor Node Metastasis (TNM) Pathological 
stems Classification of Perihilar Cholangiocarcinoma 


| 11 NO Mo 
II T2a-b NO Mo 
IIIA 18 NO MO 
IIIB T1-T3 N1 MO 
IVA T4 Any N MO 
IVB Any T N2 MO 

Any T Any N Mi 


MO, No distant metastasis; M7, distant metastasis; N7, regional lymph node metastasis 
(including nodes along the cystic duct, common bile duct, hepatic artery, and portal vein); 
N2, Metastasis to periaortic, pericaval, superior mesenteric artery, and/or celiac artery lymph 
nodes; 77, ductal wall; 72a, beyond ductal wall; 72b, adjacent hepatic parenchyma; 73, 
unilateral portal vein or hepatic artery branches; 74, main portal vein or branches 
bilaterally. 

Data from Sobin LH, Gospodarowicz MK, Wittekind C, editors. International Union against 
Cancer (UICC): TNM classification of malignant tumors, 7th ed. Oxford: Wiley-Blackwell, 2009. 


ats a Proposed Clinical Staging System for Perihilar Cholangiocarcinoma 


by Chaiteerakij et al. (Table 47-6).”” The system is based on non- 
operative information at the time of perihilar CCA diagnosis and 
has excellent discriminatory power to classify patients into four 
prognostic stages, which could be useful to clinicians and for the 
design of clinical trials. The readily available parameters included 
in this system are as follows: (1) the Eastern Cooperative Oncol- 
ogy Group (ECOG) performance status; (2) tumor size and 
number; (3) vascular encasement; (4) presence of lymph nodes 
and peritoneal metastasis; and (5) CA19-9 level. 


Therapy 


Surgical resection with negative surgical margins (RO) is a poten- 
tially curative treatment for all subtypes of CCA but can be 
achieved in only 30% of patients. Unfortunately, more than half 
of CCA patients present with advanced unresectable disease. 
Advanced surgical techniques include vascular reconstruction, 
extended lobectomy, and embolization of the portal vein branch 
supplying the lobe undergoing resection to promote hypertrophy 
of the remaining lobe prior to surgery. Associating liver partition 
and portal vein ligation for staged hepatectomy is the newest 
technique proposed for extensive liver parenchyma resection. This 
technique is undergoing evaluation due to exceedingly high rates 
of associated mortality and morbidity.'”’ For all intrahepatic and 


WAE Tumor Node Metastasis (TNM) Pathological 
ate Classification of Distal Cholangiocarcinoma 


IA 1 NO MO 
IB T2 NO MO 
IIA 13 NO MO 
IIB T1-T3 N1 MO 
Ill T4 Any N MO 
IV Any T Any N M1 


MO, No distant metastasis; M1, distant metastasis; N1, regional; 77, ductal wall; 72a, beyond 
ductal wall; 73, adjacent organs; 74, celiac axis or superior mesenteric artery. 

Data from Sobin LH, Gospodarowicz MK, Wittekind C, editors. International Union against 
Cancer (UICC): TNM classification of malignant tumors, 7th ed. Oxford: Wiley-Blackwell, 2009. 


Mass lesion Unicentric < 3 cm Unicentric < 3 cm Unicentric < 3 cm or multicentric NA 
Vascular encasement No Yes NA NA 
Metastasis No No Lymph node metastasis Peritoneal (or other organ) metastasis 
ECOG performance status 0 1-2 0-2 3-4 
CA19-9 level (U/mL) < 1000 < 1000 > 1000 NA 


CA19-9, Carbohydrate antigen 19-9; ECOG, Eastern Cooperative Oncology Group; NA, not applicable. 
Modified from Chaiteerakij R, et al. A new clinically based staging system for perihilar cholangiocarcinoma. Am J Gastroenterol 2014;109:1881-1890. 


most perihilar and distal CCAs, complete surgical removal of the 
malignancy necessitates major hepatectomy. To this end, many 
patients do not qualify for surgery because of disease extent and/ 
or other comorbidities. In such cases, palliative therapies (i.e., 
biliary stenting) provide symptom relief and may have a positive 
effect on survival. 

The best outcomes (a 5-year recurrence-free survival rate of 
68%) are observed in a very small fraction of selected patients 
with perihilar CCA who undergo neoadjuvant chemoradiation 
followed by orthotopic liver transplantation (OLT). Fig. 47-7 
provides an algorithm for the management of CCA. 


Surgical Therapy 


Perihilar and Distal CCA 


Most CCAs involve the biliary bifurcation (i.e., perihilar tumors). 
CCA implicating the distal bile ducts usually requires pancreati- 
coduodenectomy. Clinical staging of patients with perihilar and 
distal CCA is a key step prior to consideration for surgical resec- 
tion. The evaluation for resectability of perihilar and distal CCAs 
demands appropriate patient selection and careful assessment of 
imaging studies. During this assessment process, approximately 
one third of patients are deemed unresectable. Of those felt to be 
good candidates for surgical resection, 25% to 30% are found to 
have unresectable tumors during laparotomy.” To this extent, 
laparoscopy prior to resection of perihilar and distal CCAs has 
become the standard surgical approach. A new surgical staging 
system was recently proposed to assess for feasibility of surgery 
and guide the surgical plan. ° 

In this section, we discuss surgical therapy for perihilar tumors. 
In general, patients with resectable perihilar CCA require partial 
hepatic resection to have tumor-free margins. Patients with 
tumor-free margins have a 20% to 40% 5-year survival rate. > 
Other independent prognostic factors for long-term survival 
include lymph node status and differentiation grade of the 
tumor.” Therefore, the primary aim of surgical resection is 
biopsy-proven negative margins and local lymph node resection. 
To achieve this goal for perihilar CCA, resection of the tumor/ 
extrahepatic bile ducts and subhilar lymphadenopathy is usually 
needed.'” Indeed, concurrent en bloc partial hepatectomy is asso- 
ciated with a higher degree of negative resection margins.” In 
one study, the survival of patients with node-negative CCA was 
higher in patients with more than seven lymph nodes harvested. °° 
Furthermore, R1 resections (i.e., positive resection margins) had 
better survival than unresected patients. "° Notably, perihilar CCA 
involving the biliary confluence almost always engages the main 
caudate duct and demands caudate lobe removal. Regional lymph 
node metastases are associated with reduced 3-year and 5-year 
survival.” However, involvement of cystic, pericholedochal, 
hepatic arterial, portal, and posterior pancreaticoduodenal lymph 
nodes by the tumor is not an absolute contraindication to 
surgery.” 

Resection of perihilar and distal CCAs is major surgery, with 
5% to 10% mortality and notable morbidity, even at medical 
centers with significant expertise.” Preoperative biliary drainage 
of the liver remnant is recommended if the remnant is less than 
30% of the initial organ volume.” This promotes better regenera- 
tion of the liver remnant after surgery. Postoperative mortality is 
dominated by infective complications.” In addition to curative 
intent, surgery can be used to palliate obstructive jaundice in peri- 
hilar and distal CCA. This goal can be achieved by choledocho- 


jejunostomy or hepaticojejunostomy. Nonetheless, improvements 
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of current endoscopic modalities (i.e., biliary stenting) and the 
high cost and morbidity of surgical approaches have rendered 
choledochojejunostomy more favorable for palliation of jaundice. 


Intrahepatic CCA 


Surgery is the best option for treatment of intrahepatic CCA, 
however, surgical outcomes for intrahepatic CCA are still poor. 
In general, intrahepatic CCAs are large tumors at the time of 
diagnosis and patients need major liver resections. Presence of 
lymph node metastasis is associated with worse outcomes (hazard 
ratio [HR], 2.21; 95% confidence interval [CI], 1.67-2.93; 
p < 0.01).’” Although tumor metastasis to regional lymph nodes 
predicts survival, the effect of surgical node dissection on survival 
is unclear. Following surgical resection of intrahepatic CCA with 
biopsy-proven negative margins, the 1-year survival and 5-year 
survival are 72.4% and 30.4%, respectively." Additionally, the 
most recent retrospective analysis of 535 patients with surgically 
resected intrahepatic CCA has demonstrated that actuarial overall 
survival decreased over time from 39% at 3 years to 16% at 8 
years (p = 0.002). Whereas liver transplantation coupled with 
neoadjuvant chemoradiation can be a curative option for a highly 
selective group of patients with perihilar CCA,''' liver transplan- 
tation for intrahepatic CCA still cannot be recommended and 
requires protocol-driven prospective studies.''* Recent data from 
Spain have indicated favorable outcomes of liver transplantation 
for small (< 2 cm) intrahepatic CCAs, However, most intrahe- 
patic CCAs in that study were found in liver explants incidentally 
and/or were treated with locoregional therapy before transplanta- 
tion.''’ These data provide a new insight into biological behavior 
of small intrahepatic tumors and indicate potential benefits of 
neoadjuvant locoregional therapy. 


Palliative Therapeutic Approaches 


Many patients with CCA present with unresectable disease. 
Because CCA usually affects the elderly, a notable proportion of 
surgical candidates have other comorbidities that preclude safe 
surgical resection of the tumor. Surgical bypass approaches aimed 
to offer palliation of jaundice have been successful but have high 
operative mortality, morbidity, and cost. There is a very limited 
number of randomized controlled trials for modestly effective 
systemic therapies for CCA. Palliative therapy focuses on relief of 
obstructive jaundice and/or reducing the tumor bulk, which 
improves patient symptoms but is less likely to improve survival. 
Although nonsurgical approaches to treat obstructive jaundice can 
be performed endoscopically or percutaneously, later we discuss 
endoscopy-based therapies which are better tolerated by patients 
and more physiologic. 


Biliary Stents 

Amelioration of obstructive jaundice in CCA improves patient 
symptoms and quality of life. Biliary stents are an effective modal- 
ity in relieving malignant bile duct obstruction with subsequent 
decline of jaundice. Studies have shown that biliary drainage of 
only 25% to 30% of the hepatic parenchyma is required to 
accomplish adequate palliation of obstructive jaundice. Drainage 
of 50% or more of the hepatic parenchyma may improve patient 
survival in inoperable cases.“ In patients with CCA there are 
several issues to consider prior to therapy of obstructive jaundice 
with endoscopic biliary stents.''” Host parameters (i.e., patient life 
expectancy, position and degree of biliary obstruction, hepatic 
lobe atrophy) and the appropriate selection of the type and 
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number of biliary stents (i.e., plastic vs. metallic, covered vs. 
uncovered self-expandable metallic, single vs. double drainage) are 
important considerations in optimizing treatment.’ ° For example, 
a jaundiced patient with Bismuth Type I perihilar CCA can be 
successfully palliated with a single biliary stent. However, there is 
a lack of consensus among experts for biliary stenting of perihilar 
CCA Bismuth Types II, III, and IV. In a prospective, randomized, 
controlled trial of patients with perihilar CCA, it was concluded 
that unilateral drainage was adequate to alleviate biliary obstruc- 
tion; moreover, efforts to place a second biliary stent may result 
in complications (i.e., bacterial cholangitis) without survival ben- 
efits. Placement of plastic or covered self-extendable metallic 
stents, both of which can be removed, is recommended until a 
treatment plan is finalized. Any patient with biliary stent(s) should 
be educated on symptoms suggestive of bacterial cholangitis and 
promptly started on antibiotics with gram-negative microorgan- 
ism coverage. 

In current clinical practice, MRC is utilized to assist with the 
disease diagnosis and the endoscopic placement of biliary stents 
to relieve jaundice. Obtaining an MRC prior to ERC helps the 
endoscopist in choosing the optimal bile ducts for stenting and 
in avoiding atrophied hepatic segments, thus minimizing the risk 
of postprocedure bacterial cholangitis.''’ Both plastic and metallic 
biliary stents have been used to alleviate obstruction of perihilar 
and distal CCA. Plastic stents are of smaller diameter and become 
occluded more easily compared with self-expandable metal 
stents.’ The latter are also cost-effective in patients with CCA 
who are expected to survive for more than 6 months after diag- 
nosis of the malignancy. The uncovered self-expandable stent is a 
good palliative option in these cases. 


Systemic Therapy 


The Advanced Biliary Cancer 2 (ABC-2) study has established the 
chemotherapeutic combination of gemcitabine with cisplatin as a 
practice standard for advanced CCA.''* Patients (7 = 410) were 
randomized to receive combination therapy with gemcitabine and 
cisplatin or gemcitabine alone for 6 months. Median overall sur- 
vival in patients who received a combination of gemcitabine with 
cisplatin versus gemcitabine alone was 11.7 months and 8.1 
months, respectively (HR, 0.64; 95% CI, 0.52-0.80). Thus the 
benefits of this cytotoxic therapy were modest. It should also be 
noted that patients with gallbladder cancer and intrahepatic CCA 
responded better to therapy than patients with perihilar CCA 
where CI crossed 1.0. Several potential second-line therapies have 
been tested but most studies lack the statistical power, are too 
toxic, or focus only on a progression-free survival instead of the 
more practical overall survival. Dissection of the signaling path- 
ways involved in CCA biology that are potentially targetable 
(Table 47-7) can offer more refined treatment options. 

There is a growing number of clinical trials with targeted 
therapy alone or in combination with traditional chemother- 
apy for CCA. The single open-label, randomized, Phase III 
trial with gemcitabine and oxaliplatin with or without erlotinib 
demonstrated minimally significant improvement in a median 
progression-free survival with chemotherapy plus targeted therapy 
(5.9 months) versus chemotherapy alone (3 months; 95% CI, 
0.53-1.0). The Phase II trial with 31 patients treated with gem- 
citabine and oxaliplatin in combination with panitumumab in 
KRAS wild-type unresectable or metastatic biliary tract and gall- 
bladder cancer reported median progression-free survival of 10.6 
months (95% CI, 5-24 months) and median overall survival of 
20.3 months (95% CI, 9-25 months).'"” A study that randomized 


FGFR-2 gene fusion, 17% of 


WAGE Signaling Pathways That Have an 
Individualized Medicine Potential 
in Cholangiocarcinoma 


Pazopanib, ponatinib, PD173074, 


intrahepatic CCAs AZD4547 
IDH1 and IDH2, 10-23% of AGI-6780, AGI-5198, AG-221, 
intrahepatic CCAs AG-120 


EGFR (RAS, RAF, MEK, ERK/ 
MAPK axis), 14-24% 


Erlotinib, cetuximab, irinotecan, 
panitumumab, lapatinib, sorafinib, 
selumetinib, vandetanib 


MEK, frequency unknown 


Selumetinib, trametinib 


VEGF, frequency unknown 


Sorafenib, bevacizumab, erlotinib, 
cediranib, vandetanib 


Her2/neu, 8% 


Lapatinib 


MET (PI3K, AKT, mTOR axis), 


Onartuzumab, tivantinib, crizotinib 


5% 
PI3K/mTOR, 9% GDC-0980 
AKT, 1% MK2206 
mTOR, frequency unknown Everolimus 
NF-xB, frequency unknown Bortezomib 
PARP1/2, frequency unknown Veliparib 
MET/ROS/ALK, frequency Crizotinib 
unknown 
ERBB2, 25% of intrahepatic Lapatinib 
CCAs 
COX-2 Celecoxib 


ALK, Anaplastic lymphoma receptor tyrosine kinase; AK7, the serine-threonine protein kinase; 
CCA, cholangiocarcinoma; COX-2, cyclooxygenase 2; EGFR, epidermal growth factor recep- 
tor; ERK, extracellular signal-regulated kinase; ERBB2, erb-b2 receptor tyrosine kinase 2; 
FGFR-2, fibroblast growth factor receptor 2; Her2/neu, human epidermal growth factor 
receptor 2; IDH, isocitrate dehydrogenase; MAPK, mitogen-activated protein kinase; MEK, 
MAPK/ERK kinase; MET, mesenchymal-epithelial transition factor receptor tyrosine kinase; 
mTOR, mechanistic target of rapamycin; NF-«B, nuclear factor kappa-light-chain-enhancer 
of activated B cells; PARP. poly(ADP-ribose) polymerase; PI3K, phosphatidylinositol-4,5- 
bisphosphate 3-kinase; RAF Raf Proto-Oncogene, serine/threonine kinase; RAS, rat sarcoma 
viral oncogene; ROS, ROS proto-oncogene 1, receptor tyrosine kinase; VEGF vascular 


endothelial growth factor. 


150 patients to a combination of gemcitabine and oxaliplatin with 
or without the anti-EGFR antibody cetuximab showed minimal 
benefits of adding targeted therapy. The progression-free survival 
was 5.5 months versus 6.1 months and the overall survival was 
12.4 months versus 11 months for the backbone chemotherapy 
and combination arms, respectively.'*° Results of the study where 
patients were randomized between a gemcitabine chemotherapy 
backbone with or without sorafenib demonstrated absence in 
improvement in a disease control or overall survival, but rather 
a higher toxicity of the combination.'*' Interestingly, absence 
of PDGFR-B expression correlated with longer progression-free 
survival in this patient cohort. Whereas sorafenib and lapatinib 
monotherapy was not effective, the combination of gemcitabine 


and oxaliplatin with bevacizumab is promising, '* Results of several 
Phase II trials are pending. 


Locoregional Therapies 


The locoregional therapies are mainly suitable for patients with 
CCA who are not surgical candidates and have localized disease. 
These therapies include transarterial therapies, radiation therapy 
(RT), and ablation techniques. Transarterial therapies are repre- 
sented by transarterial chemoembolization (TACE), transarterial 
chemoinfusion (TACI), and radioembolization with radioactive 
beads (TARE). Conventional TACE and drug-eluting beads 
TACE (DEB-TACE) are both shown to prolong survival in 
patients with intrahepatic CCA in retrospective data analyses. 
Thus, patients treated with conventional TACE had a median 
overall survival of 12.2 months as compared with an overall sur- 
vival of 3.3 months in patients treated with non-TACE approaches. 
A weighted cumulative median overall survival of patients with 
intrahepatic CCA treated with TACE was 15.6+1.1 months based 
on a recent meta-analysis. Tumor vascularity (odds ratio [OR], 
13.5; p < 0.001) and the tumor size (lesion < 8 cm; OR, 2.64; 
p = 0.048) were independent predictors of response to TACE and 
TACI in patients with intrahepatic CCA. ™®? Median survival of 
patients with hypovascular tumors was significantly lower than 
median survival in patients with hypervascular lesions (5 months 
vs. 15 months, p < 0.01). Data on the use of TACE in an adjuvant 
setting after RO resection of intrahepatic CCAs are limited and 
demonstrated some benefits in overall survival but not in recur- 
rence rate in patients with TNM Stage I-IV disease.” The 
number of studies on use of TARE for CCA are very limited and 
mainly report the use of yttrium-90 microspheres.'*” Most study 
patients that received TARE had metastatic disease (intrahepatic 
and extrahepatic), prior systemic therapy with radiofrequency 
ablation (RFA) or TACE, or had undergone liver resection. There 
was an indication of benefits in the survival of patients with CCA 
(a median survival of 9.3-22 months from the first TARE treat- 
ment and 20.4-43.7 months from CCA diagnosis). The perfor- 
mance status was associated with improved survival after TARE 
for CCA (29.4, 10, and 5.1 months for patients with ECOG 
performance status 0, 1, and 2, respectively; p < 0.001).'** Overall, 
the data on benefits of locoregional therapy in CCA are limited 
and mainly derived from retrospective analysis. Clinical trials 
would be beneficial as these therapies are becoming more refined 
and accessible. 

Radiation therapy for CCA includes the following techniques: 
(1) external beam radiation therapy (EBRT), subdivided into 
three-dimensional conformal RT (3D-CRT), intensity-modulated 
RT (IMRT), and stereotactic body RT (SBRT); (2) brachyther- 
apy; and (3) proton therapy. In a study of patients with intrahe- 
patic and extrahepatic CCAs from Korea, the benefits of SBRT 
alone or in combination with EBRT were analyzed and found to 
be modest but comparable with other palliative therapies. Thus, 
the 1-year and 2-year overall survival rates were 45% and 20%, 
respectively, for patients with unresectable primary or recurrent 
CCA. The median survival of patients with unresectable primary 
CCA versus patients with recurrent CCA was 5 months and 13 
months, respectively. Better ECOG performance status, smaller 
tumor volume (< 50 mL), and later recurrence after surgical resec- 
tion (> 12 months) were associated with higher overall survival in 
this study. Therapy was reasonably tolerated, whereas grade 3 
toxicity was experienced by 10% of patients.'” Another study 
evaluated the effect of SBRT in primary unresectable (7 = 6) and 
recurrent (7 = 6) intrahepatic CCAs and demonstrated the overall 
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survival at 6 and 12 months of 83% and 73%, respectively. The 
freedom from progression within the SBRT field was 100% with 
a medium follow-up of 14 months.'”° Sites of disease relapse were 
liver, lymph nodes, and lungs. Results of the study of effect of 
3D-CRT with or without chemotherapy (cisplatin and/or 
5-FU-based therapies) demonstrated benefits of this approach 
with a median overall survival of 12 months in patients with 
unresectable locally advanced extrahepatic CCA and locally recur- 
rent CCA. However, 65% of patients in this cohort experienced 
relapse, which suggests potential limitations of EBRT in control 
of the disease and potential benefits of prior chemotherapy.” 

Ablation techniques in CCA include RFA, cryotherapy, and 
microwave ablation. The excellent local tumor control effect was 
demonstrated in intrahepatic CCA of less than 3 cm (a mean 
overall survival of 38.5 months [range, 12-69 months]) in a recent 
study from the United States.'’* RFA also shows some survival 
benefits in patients with recurrent hepatic metastases after curative 
resection for extrahepatic CCA.'” There are no data on the use 
of other ablation techniques in CCA. Prospective trials would be 
beneficial to evaluate the effect of ablation therapy in CCA. 

Brachytherapy is an intraluminal approach that permits more 
focal, higher, and more effective doses of radiation than EBRT: In 
the course of intraluminal brachytherapy, premounted iridium- 
192 seeds are deployed within a catheter and placed across the 
neoplastic biliary stricture during ERC or PTC.'*'*! Brachy- 
therapy should extend the palliation of obstructive jaundice and 
avoid unnecessary radiation damage of the surrounding tissues/ 
organs. To date, the therapeutic effects of brachytherapy on CCA 
are unclear. °>"? The technique also carries a risk of infectious 
complications including hepatic abscess, which can be difficult to 
manage. A cohort of 193 patients with CCA from the Surveil- 
lance, Epidemiology, and End Results database was analyzed in a 
study from the United States.” Median survival of patients 
treated with brachytherapy was 11 months compared with 4 
months for patients who received no radiation (p < 0.0001). 
Extrahepatic disease was associated with better overall survival 
after brachytherapy (HR, 0.84; 95% CI, 0.79-0.89). Overall, 
most data on the use of brachytherapy for CCA comes from small 
studies of neoadjuvant therapy prior to liver transplantation for 
perihilar CCA. Additional studies are necessary to evaluate 
brachytherapy as a palliative approach. 

Photodynamic therapy (PDT) is more suitable for palliation 
of perihilar and distal CCA. This therapy is an ablative procedure 
that involves the systemic preadministration of a nontoxic photo- 
sensitizer drug that accumulates principally within the CCA. Sub- 
sequently, the patient undergoes ERC to activate the photosensitizer 
via direct nonthermal laser application on the tumor. Complica- 
tions of PDT include biloma and hemobilia. Biliary perforations 
have not been reported and the rate of cholangitis is not increased 
following PDT compared with placement of biliary stents alone. 
The recent retrospective study that compared ERCP-based radio- 
frequency ablation and PDT in 48 patients with unresectable 
CCA demonstrated no difference in overall survival between the 
groups (9.6 months vs. 7.5 months, respectively; p = 0.8). The 
rate of stent occlusion and bacterial cholangitis per month was 
higher in the RFA treatment group as compared to the PDT 
treatment group (0.06 vs. 0.02, p = 0.008, and 0.13 vs. 0.05 per 
month, p = 0.08, respectively).'** A study from Korea compared 
the effectiveness of PDT in combination with chemotherapy 
(gemcitabine and/or cisplatin) or PDT alone and demonstrated 
the benefits of a combined approach (median survival of 538 days 
in the PDT with chemotherapy group vs. 334 days in the PDT 
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alone group, p = 0.05).'” A multicenter, prospective, randomized 
trial from Europe evaluated the effect of biliary stenting followed 
by PDT (Group A) compared with biliary stenting alone (Group 
B) in patients with unresectable CCA.'*° Patients in Group A 
demonstrated prolonged survival (7 = 20; median survival, 493 
days; 95% CI, 276-710) compared to patients in Group B (7 = 
19; median survival, 98 days; 95% CI, 87-107; p < 0.0001).'*° 
In a recent retrospective study from the United States, there was 
a significant increase in survival in the PDT group (16.2 + 2.4 
months) as compared to the biliary stent alone group (7.4 + 1.6 
months). Nevertheless, more prospective randomized trials on 
PDT for unresectable perihilar and distal CCA—including 
patients with concurrent PSC—are needed to further assess the 
utility of this promising approach. 


Liver Transplantation for Unresectable 
Perihilar Cholangiocarcinoma 


Liver transplantation combined with neoadjuvant chemoradia- 
tion therapy has emerged as the best treatment option for a highly 
selective subset of patients with early-stage perihilar CCA (Fig. 
47-8 and Box 47-1). Whereas former experience with OLT for 
CCA was disappointing due to a high rate of tumor recurrence," 
recent data indicates that neoadjuvant therapy coupled with 
careful patient selection results in excellent patient survival (a 
5-year posttransplant survival rate of 69 + 4%).'” Diagnosis of 


Mayo Clinic Protocol 


Patient evaluation: 
Cross-sectional imaging studies, 
cholangiography/biliary brushings, and CA19-9 


| 


Staging: EUS with sampling of lymph nodes 


External beam radiation: 40-45 Gy total over 3 weeks plus 
concomitant chemosensitization with 5-FU: 225 mg/m2/day 


| 


Brachytherapy: 10-20 Gy after external beam radiation 


| 


Capecitabine: 2000 mg/m?/day every 
2 out of 3 weeks until time of transplantation 


O Y 


Laparoscopic staging with regional lymph nodes excision: 
shortly prior to anticipated transplantation 


| 


Liver transplantation 


Cross-sectional imaging studies: every 2-3 months 


e Fig. 47-8 The Mayo clinic protocol for neoadjuvant chemotherapy fol- 
lowed by liver transplantation for early stage perihilar cholangiocarcinoma. 
CCA, Cholangiocarcinoma; HCC, hepatocellular carcinoma. 


perihilar CCA is established based on the presence of a malignant- 
appearing stricture on cholangiography in combination with 
either (1) positive cytology brushings; (2) positive transcatheter 
biopsy; (3) polysomy on cytological analysis with FISH; (4) 
CA19-9 greater than 100 U/mL; or (5) a hilar mass on cross- 
sectional imaging at the site of the malignant-appearing stricture. 
If the malignancy forms a mass lesion, the diameter should be less 
than 3 cm on cross-sectional imaging studies. Furthermore, the 
CCA has to be deemed surgically unresectable after evaluation by 
an experienced hepatobiliary team.'* Tumor vascular encasement 
causing absence of blood flow without evidence of vessel invasion 
is not a contraindication to enrollment. 

All patients with PSC complicated by perihilar CCA should 
be considered for liver transplantation as PSC is associated with 
an oncogenic field defect and often prevents resection due to 
parenchymal disease. Enrolled patients have to be suitable for 
radiation therapy, chemotherapy, and liver transplantation, as 
determined by the interdisciplinary team. 

The neoadjuvant therapy protocol aims to prevent locoregional 
tumor recurrence and includes EBRT with concomitant 
5-fluorouracil (5-FU) sensitization followed by brachytherapy. 
EBRT (at a total dose of 40-45 Gy in 30 sessions) is completed 
in 3 weeks. 5-Fluorouracil is given intravenously at 225 mg/m? 
per day administered via continued pump-assisted intravenous 
infusion. This is followed by brachytherapy of the tumor (total 
dose of 10-20 Gy). Capecitabine chemotherapy (2000 mg/m? per 
day for 2 out of 3 weeks) is administered after brachytherapy while 
patients await liver transplantation. Capecitabine is held during 
episodes of active infection and shortly prior to a staging proce- 
dure. A staging operation is performed shortly prior to transplan- 
tation to identify patients with metastatic disease who will not 
benefit from transplantation. Cadaveric livers or living-donor liver 
grafts can be used. Transplanted patients receive standard immu- 
nosuppression therapy. 

A recent analysis was conducted on results of neoadjuvant 
chemoradiation followed by liver transplantation for perihilar 
CCA at 12 U.S. centers over the 1993 to 2010 period of time. 
The analysis demonstrated that the 2-year and 5-year recurrence- 
free survival rates were 78% and 65%, respectively, with a median 


*BOX 47-1 Criteria for Patient Selection for 


Liver Transplantation for Perihilar 
Cholangiocarcinoma 


Diagnosis of perihilar CCA based on malignant-appearing biliary structure with 

one of the following: 

e Positive cytology brushings 

Positive transcatheter biopsy 

Polysomy on cytological analysis with FISH 

Carbohydrate antigen 19-9 > 100 U/mL 

Hilar mass on cross-sectional imaging at the site of the malignant- 

appearing stricture 

Unresectable perihilar de novo CCA or perihilar CCA in a setting of PSC 

Radial mass diameter < 3 cm on cross-sectional imaging studies 

No history of transperitoneal (percutaneous or EUS-assisted tumor biopsy 

Portal vein should not be involved with cancer (vascular encasement [without 
evidence for vessel invasion] of the hilar vessels is not a contraindication 
to transplantation) 

Absence of metastases 

Good candidacy for radiation therapy, chemotherapy, and transplantation 


follow-up of 2.5 years.'*? The intent-to-treat survival rates were 


68% and 53% at 2 years and 5 years, respectively. The staging 
procedure prior to transplantation identified 17% of patients who 
had advanced disease, which precluded transplantation. Predictors 
of dropout from the protocol prior to transplantation were malig- 
nancy detection on biliary brushing or biopsy (HR, 3.6; p = 0.01), 
the calculated Model for End-Stage Liver Disease (MELD) score 
of 20 or more (HR, 3.5; p = 0.02), CA19-9 of 500 U/mL or more 
(HR, 2.3; p = 0.04), and mass size of 3 cm or more (HR, 2.1; p 
= 0.05). Among patients who died following liver transplantation, 
most died from cancer recurrence (20% of the total cohort), 
whereas 2% of patients died from multiorgan failure, sepsis, liver 
failure, and lymphoproliferative disorders. The presence of resid- 
ual tumor in the explant (HR, 9.8; p < 0.001), portal vein encase- 
ment (HR, 3.3; p = 0.0007), and elevated CA19-9 (HR, 1.8; 
p = 0.01) were predictors of disease recurrence after liver trans- 
plantation for perihilar CCA.''' Several measures were proposed 
to decrease a risk of tumor recurrence and improve outcomes for 
perihilar CCA after liver transplantation. Among these measures 
are avoidance of transperitoneal (percutaneous or EUS-guided) 
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tumor biopsy, MELD score exception for patients with perihilar 
CCA, pancreatoduodenectomy in cases of microscopic involve- 
ment of the common bile duct, extension of the donor pool with 
living donor transplantation, and a potential use of adjuvant 
therapy. The latter can include immunosuppressive therapy with 
agents that also possess the antineoplastic effect (mTOR inhibi- 
tors [sirolimus and everolimus]) in combination with gemcitabine 
and cisplatin chemotherapy. 


Conclusion 


Given the increasing incidence of CCA, progress has to be made 
to improve the survival of patients afflicted with this devastating 
disease. Better staging systems and randomized controlled clinical 
trials are needed to evaluate the usefulness of novel therapeutic 
agents and/or locoregional therapy.” As our understanding of the 
pathogenesis of CCA improves and targetable driver oncogenic 
pathways are identified, we expect that better pharmacologic 
inhibitors, alone or in combination with other therapies, will 
become available for treating these tumors. 


SUMMARY 


Recent Progress 

e Better understanding of CCA biology subtypes requires anatomical 
Classification of CCA on intrahepatic, perihilar, and distal subtypes. 

e Mixed HCC-CCA is a newly recognized liver tumor phenotype which 
simultaneously expresses markers of hepatocellular and cholangiocellular 
differentiation and is associated with poorer outcomes than HCC. 

e Cirrhosis, HBV, and HCV are newly established risk factors for 
intrahepatic CCA, and patients with these conditions should have CCA 
ruled out when an intrahepatic mass is present. 

e Presence of polysomy on fluorescence in situ hybridization (FISH) 
analysis of biliary brushings is associated with a high risk of CCA 
development, especially when coupled with a CA19-9 level of 129 U/mL 
or greater. 

e Neoadjuvant chemoradiation followed by liver transplantation is 
associated with excellent outcomes in a highly selective subset of 
patients with perihilar CCA. 

e Liver transplantation cannot be recommended for intrahepatic CCA due 
to unacceptably high rates of tumor recurrence. 

e EUS or percutaneous sampling of perihilar CCA is discouraged due to 
the high risk of seeding of tumor cells along the needle tract and can 
preclude curative liver transplantation. 

Combination of gemcitabine and cisplatin is a standard practice for CCA. 
Targetable FGFR gene fusions and IDH genetic alterations are frequent in 
intrahepatic CCA. 


References 


e Surgical techniques are enhanced by extended lobectomy, portal vein 
embolization, and vascular reconstruction. 

e Locoregional therapies are more refined and demonstrate some survival 
benefits in CCA. 


Key Knowledge Gaps 

e There is poor understanding of the significance of gene aberrations in 
CCA biology. 

e There is an absence of early markers of CCA. 

e A limited number of prospective studies exist on the effectiveness of 
different therapeutic modalities, including locoregional therapies, in CCA. 


Future Directions 

e Adherence to the contemporary anatomical classification of CCA on three 
subtypes. 

e Dissection of molecular signaling in CCA and development of tumor 
classification based on the prevalent oncogenic driving pathway. 

e Development of agents that target “oncogenic drivers” with minimal 
off-target effects and resistance emergence. 

e Strictly protocolized, multicenter, randomized, controlled trials with 
overall survival as a main end point. 

e Development of clinical staging systems that can assist in the 
development of clinical trials. 


A list of references can be viewed at www.expertconsult.com. 
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ABBREVIATIONS 


AFP alpha fetoprotein 

FLHCC fibrolamellar hepatocellular carcinoma 
HCC hepatocellular carcinoma 

LT liver transplantation 

NHL non-Hodgkin lymphoma 

RCT randomized controlled trial 

SEER Surveillance, Epidemiology, and End Results 
TACE transarterial chemoembolization 

TARE transarterial radioembolization 


Introduction 


Hepatocellular carcinoma (HCC) and cholangiocarcinoma are the 
two most common primary liver cancers. These malignant tumors 
were discussed in Chapters 46 and 47. The goal of this chapter is 
to discuss other less common malignant hepatic tumors, including 
fibrolamellar HCC (FLHCC), biliary cystadenocarcinoma, hep- 
atoblastoma, epithelioid hemangioendothelioma, angiosarcoma, 
and lymphoma (Table 48-1). Additionally, metastases to the liver 
from other primary cancer sites are the cancers most commonly 
observed in the liver in many countries. We briefly discuss hepatic 
metastases at the end of the chapter. 


Fibrolamellar Hepatocellular Carcinoma 


FLHCC isa rare primary liver tumor that shows different clinical, 
histologic, and molecular characteristics compared with classic 


HCC. 


Epidemiology 


A recent study described the epidemiology of FLHCC in the 
United States using the Surveillance, Epidemiology, and End 
Results (SEER) database, which covers approximately 26% of the 
U.S. population.’ A total of 46,392 HCC cases were identified 
between 2000 and 2010, whereas only 191 FLHCC cases (0.4% 
of HCC cases) were identified. The incidence rate of FLHCC was 
reported to be 0.2 per million person-years. There was no signifi- 
cant change in the incidence rates between 2000 and 2010. There 
was a male preponderance, with a male to female case ratio of 1.7. 
The incidence rates are similar between different racial and ethnic 
groups. FLHCC occurs in young individuals; 60% of patients 
presented when they were younger than 40 years, whereas only 
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2% of patients with HCC presented when they were younger than 
40 years. FLHCC accounts for 11% of liver cancer patients 
younger than 40 years. Although data on the global epidemiology 
of FLHCC are scarce, there appears to be some geographic varia- 
tion in the epidemiology of FLHCC. For example, the proportion 
of FLHCCs among primary liver cancers was as high as 5% in a 
study from Mexico.” 


Pathogenesis 


The pathogenesis of FLHCC is unique and distinct from that of 
classic HCC. There are no established risk factors for FLHCC. 
Frequently detected mutations in classic HCC, such as TP53 and 
CTNNBI1 mutations are not usually found.** Overexpression of 
anterior gradient 2, which was shown to inhibit the function 
of p53, was reported in most FLHCCs, whereas overexpression 
of anterior gradient 2 was very rare in patients with HCC." 
Overexpression and extra copy numbers of EGFR, overactiva- 
tion of mammalian target of rapamycin, Ras, mitogen-activated 
protein kinase, and phosphatidylinositol-3-kinase, and xenobiotic 
degradation pathways have also been described in the pathogen- 
esis of FLHCC.”” 

The molecular pathogenesis of FLHCC remained poorly 
understood until recently, when a number of key studies shed 
substantial light on the molecular pathogenesis of FLHCC. First, 
a novel chromosomal deletion was identified on chromosome 19, 
resulting in a chimeric transcript encompassing portions of the 
messenger RNAs of PRKACA and DNAJB1 This DNAJBI- 
PRKACA chimeric transcript was not detected in any nontumor 
samples. Western blot analysis confirmed the translation of this 
chimeric RNA transcript exclusively in the tumor. Although the 
mechanistic roles of the chimeric protein in the pathogenesis of 
FLHCC remain to be further investigated, the presence of the 
DNAJB1-PRKACA chimeric transcript in 100% of the FLHCCs 
tested so far raises the possibility that this genetic change plays a 
major role in the pathogenesis of FLHCC."° 

Another study analyzed 78 FLHCC samples using a whole- 
transcriptome single-nucleotide polymorphism array and next- 
generation sequencing.'' Unsupervised gene expression clustering 
revealed three molecular subclasses of FLHCC, designated the 
proliferation, inflammation, and unannotated classes. Several copy 
number variations, such as amplification at 8q24.3 and deletions 
at 19p13 and 22q13.32, were reported. An eight-gene signature 
was reported that predicted overall survival in patients with 
FLHCC. Further genomic profiling of FLHCC will provide key 
information for understanding the molecular pathogenesis of 
FLHCC and developing targeted treatment for FLHCC. 


WEJ Classification of Other Hepatic 
Gk Malignant Tumors 


Hepatocellular origin Fibrolamellar HCC, hepatoblastoma 


Biliary origin Biliary cystadenocarcinoma 
Vascular/mesenchymal Epithelioid hemangioendothelioma, 

origin angiosarcoma 
Lymphoid origin B-cell origin lymphoma in 80% of cases, most 


commonly diffuse large B-cell lymphoma 


Hepatic metastasis Colorectal, pancreatic, gastric, breast, and 


lung cancers, neuroendocrine tumors, etc. 


HCC, Hepatocellular carcinoma. 


e Fig. 48-1 Histopathology of fibrolamellar hepatocellular carcinoma. 
Characteristic morphology of fibrolamellar carcinoma composed of large 
eosinophilic cells with accompanying fibrosis. (Courtesy of Michael Tor- 
benson and Rondell Graham.) 


Pathology 


The distinct pathologic features of FLHCC were first reported 
approximately 60 years ago.” Histopathologically, FLHCC typi- 
cally shows well-differentiated, large polygonal malignant cells 
with eosinophilic hyaline bodies and granular cytoplasm that are 
embedded in lamellar bands of thick fibrous tissue in the absence 
of pathologic changes in the surrounding liver (Fig. 48-1). Rarely, 
glandular type differentiation with mucin production or clear 
cell-type changes are reported as a variant form of FLHCC.*” 
FLHCC shares both hepatocellular and cholangiocellular differ- 
entiation. FLHCC tissues are positive for albumin messenger 
RNA by in situ hybridization, hepatocyte paraffin 1, and poly- 
clonal carcinoembryonic antigen, confirming their hepatocellular 
differentiation. On the other hand, they stain positive for cyto- 
keratins 7 and 19 and epithelial cell adhesion molecule, suggesting 
a bile ductular differentiation." 


Clinical Features 


Because of their young age and low probability of cancer, 
most patients with FLHCC are not diagnosed until the tumor 
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progresses sufficiently to stretch the liver capsule and exert a suf- 
ficient mass effect to cause symptoms. As a result, less than 20% 
of patients present with primary tumors smaller than 5 cm.' The 
most common symptoms include abdominal pain, abdominal 
distension, and systemic cancer-related symptoms such as fatigue, 
weight loss, anorexia, and nausea.” Patients often present with 
pain from metastatic disease in other organs, such as joint or bone 
pain from skeletal metastasis. ® They may present with ascites due 
to peritoneal metastatic disease.” Rarely, FLHCC patients present 
with fulminant hepatic failure due to massive replacement of the 
liver by the tumor.'® Patients may also present with thrombophle- 
bitis of the lower extremities or hyperthyroidism as paraneoplastic 
phenomena.'””° 

There are no established serum tumor biomarkers sensitive 
or specific for FLHCC. Most patients do not have an elevated 
serum alpha fetoprotein (AFP) level.” Although one study showed 
that all 10 patients with FLHCC studied had elevated des-y- 
carboxyprothrombin levels, the diagnostic and prognostic value 
of des-y-carboxyprothrombin requires further study.” The levels 
of transaminases and bilirubin are often normal or mildly elevated 
at initial presentation. 


Diagnosis 


When young patients present with liver masses without charac- 
teristic radiologic features of HCC or cholangiocarcinoma or 
evidence of chronic liver disease, FLHCC should be suspected. 
FLHCC typically appears as a sharply demarcated lobulated het- 
erogeneous mass with a central scar.” Radiologic features of 
FLHCC may overlap with those of other scar-producing lesions, 
including focal nodular hyperplasia. Thus, ultrasound- or 
CT-guided liver biopsy should be strongly considered for the 
diagnostic confirmation of FLHCC. This will exclude hepatic 
metastasis from other primary sites or other rare primary liver 
cancers or benign tumors. Cross-sectional images (CT or MRI) 
are useful to delineate the extent of the disease and decide on the 
optimal treatment approach (Fig. 48-2). Following the recent 
discovery of the DNA/B1-PRKACA fusion transcript, which is 
specific to FLHCC, both fluorescence in situ hybridization and 
DNA sequencing assays have been developed to allow molecular 
confirmation of the diagnosis of FLHCC. 


Treatment and Prognosis 


Although limited treatment modalities exist for the management 
of FLHCC, overall the prognosis is better in patients with FLHCC 
compared with those with usual HCC (Table 48-2). A study using 
the SEER database reported a 5-year survival probability of 33% 
in patients with FLHCC compared with 16% in patients with 
usual HCC." It is not clear whether the better survival in FLHCC 
patients is due to the lack of underlying liver disease or to a less 
aggressive cancer biology. The prognosis of nonmetastatic FLHCC 
patients was similar to that of patients with noncirrhotic HCC 
but better than that of patients with cirrhotic HCC.” 

The treatment of choice in patients with FLHCC is surgical 
resection. Among the FLHCC patients in the SEER database, 
approximately 41% had surgical resection.' The technical feasibil- 
ity of surgical resection dictates the overall prognosis. The 5-year 
survival probability in patients with FLHCC who had surgical 
resection was 58%, which is superior to the probability of 44% 
of their usual HCC counterparts who had surgical resection. On 
the other hand, the prognosis was extremely poor in FLHCC 
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e Fig. 48-2 Cross-sectional imaging and gross resected specimen of fibrolamellar hepatocellular 
carcinoma. A, MRI images showing a lobulated, heterogeneously T2 hyperintense left lobe mass (white 
arrow) with central hypointensity (arrowhead) corresponding to the central scar. The mass is hypointense 
on the T1-weighted image (B), is enhanced in the arterial phase (C), and remains enhanced in the portal 
venous phase (D). Note the scar (arrowhead) is not enhanced. E, Coronal CT image showing a central 
nonenhanced scar (arrowhead) and calcification (black arrow). F, Cut section of resected specimen 
showing reddish brown mass with central scar. (Courtesy of Sudhakar Venkatesh.) 


TABLE ; ʻ : 
Treatment and Prognosis of Fibrolamellar Hepatocellular Carcinoma 


Treatment Study Study Design Number of Patients Follow-Up (mo) Median Survival (mo) 5-yr Survival (%) 
Surgical resection Eggert et al.' Population based: SEER 78 = = 58 
Mavros et al. Meta-analysis 90 26 222 70 
Liver transplantation Mavros et al. Meta-analysis 35 26 32 34 
Nonsurgical Eggert et al.' Population based: SEER 94 = = if 
treatment Mavros et al. Meta-analysis 21 26 20 0 


SEER, Surveillance, Epidemiology, and End Results. 


patients who did not have surgical resection, with a 5-year survival 
probability of only 7%. 

Similar results were observed in a meta-analysis of 575 FLHCC 
patients. The 5-year overall survival probability was 44% in all 
FLHCC patients, and it was higher, at 70%, in patients who had 
surgical resection.” The feasibility of surgical resection, free surgi- 
cal borders, and the absence of vascular invasion are good prog- 
nostic indicators.” Other studies reported hepatic dysfunction, 
larger tumor size, multiple liver masses, lymph node invasion, 
extrahepatic metastasis, and vascular invasion as poor prognostic 
indicators in patients with FLHCC.”'”****”” Unfortunately, 
most patients develop recurrent FLHCC after surgical resection, 
with a reported 5-year recurrence-free survival rate of 18%.” Late 
recurrence is not uncommon, and re-resection should be consid- 
ered whenever possible because of the lack of effective alternative 
treatments. 

Liver transplantation (LT) does not appear to be as effective as 
surgical resection. The 5-year overall survival probability was 34% 


in 35 patients who underwent LT for FLHCC, with a median 
survival of 32 months, which was shorter than the median survival 
of 222 months in 90 patients who underwent surgical resection 
(p < 0.001).” This appears to be due to the extensive tumor 
burden at the time of LT for FLHCC. As opposed to the usual 
selection of patients with early-stage HCC for LT, LT has tended 
to be performed in patients with advanced, unresectable FLHCC, 
resulting in a high rate of tumor recurrence after LT.” 

The utility of nonsurgical modalities for treatment of FLHCC 
has not been well investigated. Only a small proportion of patients 
receive nonsurgical treatment.” No chemotherapeutic regimens 
or targeted treatments have been shown to improve survival of 
patients with FLHCC in a randomized controlled trial (RCT). 
The use of chemotherapeutic agents has been mostly based on 
anecdotal experiences of a few cases.” > Although Phase II clinical 
trials of fluorouracil and recombinant interferon alfa-2b showed 
somewhat promising results (62% treatment response, including 
complete and partial responses) with tolerable adverse effects, the 


small number of patients with FLHCC (n = 9) makes it hard to 
generalize this finding. Experiences with transarterial chemoem- 
bolization (TACE) and transarterial radioembolization (TARE) 
have been reported recently. One study showed that TACE is well 
tolerated and led to a reduction in the size of the tumor, which 
subsequently permitted safe hepatic resections in two patients.*° 
The therapeutic efficacy of locoregional and systemic chemother- 
apy or targeted therapy requires further investigation to standard- 
ize treatment and improve the outcomes of patients with FLHCC. 
With the discovery of the DNA/B1I-PRKACA fusion transcript, 
there is an active effort to determine whether agents targeting this 
fusion will show clinical utility. 


Hepatoblastoma 


Hepatoblastoma is the most common primary hepatic malig- 
nancy in the pediatric population and accounts for 1% of all 
pediatric malignancies.” The incidence rate of hepatoblastoma 
has been increasing progressively over the past 4 decades.” 


Epidemiology 


Although hepatoblastoma is the most common pediatric hepatic 
malignancy, the incidence rate is very low.’ Analysis of SEER 
data showed an incidence rate of 1.1 per million person-years 
between 1973 and 1997.” The incidence rate increased from 0.6 
per million person-years to 1.2 per million person-years between 
the 1973-1977 and 1993-1997 time periods (p < 0.001). A 
more recent study showed that the incidence rate increased further 
to 1.4 per million person-years between 1992 and 2004, with an 
annual percent change of 4.3%.” In the United States and other 
countries with low rates of early acquisition of hepatitis B virus 
infection, the incidence rate of hepatoblastoma is two to three 
times higher than the incidence rate of HCC in children. Most 
hepatoblastomas are diagnosed in children younger than 5 years. 
Consequently, the incidence rate of hepatoblastoma is approxi- 
mately 20-fold higher than the incidence rate of HCC in children 
younger than 5 years, and hepatoblastoma accounts for 91% of 
primary hepatic malignancies in children younger than 5 years. 
By contrast, the incidence rate of HCC increases in older children, 
and HCC accounts for 87% of primary hepatic malignancies in 


TABLE 


yee Pathologic Classification of Hepatoblastoma 


CHAPTER 48 Other Malignant Hepatic Tumors 711 


individuals aged 15 years to 19 years. The incidence rates of hepa- 
toblastoma are 1.3-fold higher in boys than in girls. 


Pathogenesis 


A number of genetic syndromes have been linked to an increased 
tisk of hepatoblastoma, including Beckwith-Wiedemann syn- 
drome, Edwards syndrome, and familial adenomatous polyposis.” 
Aberrant activation of the Wnt signaling pathway is a key feature 
in the molecular pathogenesis of hepatoblastoma. Gain-of- 
function mutation of B-catenin contributes to Wnt pathway 
activation, and nuclear accumulation of B-catenin was strongly 
correlated with poorly differentiated hepatoblastomas.*”“' A study 
using microarray analysis identified two subclasses of hepatoblas- 
toma on the basis of a 16-gene signature that also predicts patient 
prognosis. Up-regulation of the Myc signaling pathway was asso- 
ciated with the immature subtype of hepatoblastomas, whereas 
downregulation of the Myc signaling pathway was associated with 
impaired tumorigenesis.“ High expression of telomerase reverse 
transcriptase is associated with Wnt signaling pathway activation 
in the absence of B-catenin mutation and was also associated with 
an aggressive phenotype of hepatoblastomas.”* 


Pathology 


Hepatoblastoma is an embryonal cancer that arises from primitive 
hepatocyte precursor cells that have the potential to differentiate 
into different morphologic features, such as fetal and/or embryo- 
nal hepatocytes, cartilage, bone, striated muscle fibers, and 
squamous epithelium.“ Grossly, tumors are well-circumscribed, 
nodular masses with foci of hemorrhage and necrosis with or 
without mesenchymal components such as bone or cartilage. 
Recently, the Children’s Oncology Group Liver Tumor Commit- 
tee proposed a histopathologic classification of hepatoblastoma 
(Table 48-3). The two main histologic subtypes are an epithelial 
subtype and a mixed epithelial and mesenchymal subtype.” The 
epithelial subtype accounts for two thirds of hepatoblastomas, and 
can be further subclassified into fetal, embryonal, macrotrabecu- 
lar, small cell undifferentiated, and cholangioblastic subtypes. 64 
Fetal hepatoblastoma can be further subclassified into well- 
differentiated (with uniform round nuclei organized into cords 


Epithelial subtype 


Fetal: well differentiated 


Uniform, round nuclei, cords with minimal mitotic activity with extramedullary hematopoiesis 


(two thirds of Fetal: crowded Mitotically active 
hepatoblastomas) Fetal: pleomorphic Poorly differentiated, hyperchromatic nuclei and scant cytoplasm 
Fetal: anaplastic Marked nuclear enlargement, pleomorphism 
Embryonal Small, basophilic, darkly stained with uniform, hyperchromatic nuclei and scant cytoplasm 
and often accompanied by extramedullary hematopoiesis 
Macrotrabecular Clustered growth of either fetal or embryonal cells between sinusoids 
Small cell undifferentiated Rare, small blue cell tumor highly invasive with poor responsiveness to chemotherapy 
Cholangioblastic Predominant biliary cells at the periphery of epithelial island 
Mixed subtype (one third Stromal Formation of blastema, bone, skeletal muscle, and cartilage 
of hepatoblastomas) Teratoid Mixture of primitive endoderm, neural derivatives, melanin, and squamous and glandular 


elements 


Modified from Czauderna P, et al. Hepatoblastoma state of the art: pathology, genetics, risk stratification, and chemotherapy. Curr Opin Pediatr 2014;26:19-28. 
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with minimal mitotic activity and extramedullary hematopoiesis), 
crowded (a mitotically active subtype), pleomorphic (with poorly 
differentiated cells, hyperchromatic nuclei, and scant cytoplasm), 
and anaplastic (with marked nuclear enlargement and pleomor- 
phism) subtypes. The embryonal subtype is characterized by 
small, basophilic, darkly stained cells with uniform, hyperchro- 
matic nuclei and scant cytoplasm and is often accompanied by 
extramedullary hematopoiesis. The macrotrabecular subtype is 
characterized by clustered growth of either fetal or embryonal cells 
between sinusoids. Small cell undifferentiated hepatoblastoma, 
which has a pathologic appearance similar to that of neuroblas- 
toma or other small blue cell tumors, represents 2% to 5% of 
hepatoblastomas.“*“* This subtype of tumor is highly invasive, 
with poor responsiveness to chemotherapy. Most children with 
this tumor subtype die within 2 years of diagnosis.” Lastly, the 
cholangioblastic subtype is characterized by a predominance of 
biliary cells at the periphery of epithelial islands. The mixed 
subtype can be further classified into mixed types with stromal 
derivatives or teratoid features.“ The stromal derivative subtype 
is characterized by the formation of blastema, bone, skeletal 
muscle, and cartilage. The teratoid subtype is characterized by 
mixtures of primitive endoderm, neural derivatives, melanin, and 
squamous and glandular elements. 


Clinical Features 


Patients with hepatoblastoma typically present with abdominal 
distension. Because of rapid growth, the tumor may rupture, 
leading to hemoperitoneum. Sexual precocity may be present 
because of the ectopic synthesis of gonadotropin. Hepatoblasto- 
mas commonly occur as a single hepatic mass.”' Serum AFP levels 
are markedly elevated in most patients. AFP is a clinically useful 
diagnostic and prognostic tumor marker in the management of 
hepatoblastoma. Both normal and markedly elevated AFP levels 
are associated with poor prognosis.”' Serial monitoring of AFP is 
particularly useful in monitoring treatment response and tumor 
recurrence after curative treatment. 


Diagnosis 


Doppler ultrasonography is useful for identifying liver masses and 
to determine the presence of tumor vascular invasion. Once a liver 
mass has been detected, contrast-enhanced CT or MRI should be 
performed for anatomic delineation of the tumor extent to deter- 
mine the potential resectability of the tumor. MRI with a hepa- 
tobiliary specific contrast medium such as gadoxetate disodium 
has been shown to be highly effective in characterizing tumor 
extent and the presence of satellite nodules or vascular invasion.” 
The diagnosis of hepatoblastoma should be confirmed by biopsy 
and histology. Because of the heterogeneity of hepatoblastomas, 
it is recommended to obtain a minimum of 5 to 10 cores for 
adequate tissue diagnosis.“ 


Prognosis and Treatment 


The prognosis of hepatoblastoma is better than that of HCC but 
worse than that for other pediatric malignancies. In 2003 the 
5-year survival probability was reported to be 52% in children 
with hepatoblastoma versus 18% in children with HCC (p < 
0.0001).** Surgical resection with or without neoadjuvant and/or 
adjuvant chemotherapy is the primary treatment strategy for 
hepatoblastoma. Tumors composed of pure populations of fetal 


cells carry a better prognosis than embryonal or mixed epithelial- 
mesenchymal hepatoblastomas or small cell undifferentiated 
hepatoblastomas. Thus adjuvant chemotherapy is not recom- 
mended in patients with early-stage pure fetal subtype tumors 
with low mitotic activity, as surgical resection alone is a sufficient 
treatment.” In patients presenting with advanced disease, neoad- 
juvant chemotherapy can be administered to downstage the tumor 
to achieve a complete resection. In patients with early-stage 
disease, adjuvant chemotherapy is typically recommended after 
surgical resection. LT can be considered in patients with extensive 
disease burden in whom complete resection of the tumor is 
not feasible.” LT is still feasible in patients who initially present 
with metastatic disease, as long as the metastatic lesions regress 
with neoadjuvant chemotherapy; however, it is contraindicated 
in patients with chemotherapy-resistant, progressive metastatic 
disease.” 

Platinum-based treatment regimens are typically used as neo- 
adjuvant or adjuvant chemotherapy for hepatoblastoma. Cisplatin 
is the most commonly used chemotherapeutic agent, adminis- 
tered alone or in combination with 5-fluorouracil, vincristine, or 
doxorubicin.” 


Biliary Cystadenocarcinoma 


Biliary cystadenocarcinoma is a rare cystic neoplasm of the liver 
that accounts for less than 10% of cystic biliary tumors.” 


Epidemiology 


Little is known about the epidemiology of biliary cystadenocarci- 
noma. In contrast to the female preponderance of biliary cystad- 
enomas, the incidence rate of biliary cystadenocarcinoma is 
similar for men and women.” The mean age at the time of diag- 
nosis is between 50 years and 60 years.””’* The incidence and 
prevalence of this rare cancer in the general population is not 


known. 


Pathogenesis and Pathology 


The molecular pathogenesis of biliary cystadenocarcinoma is 
poorly understood, partly due to the rarity of this tumor. One 
third of patients with cystadenocarcinoma have an area of preex- 
isting benign cystadenoma suggesting progression from cystade- 
noma to cystadenocarcinoma.” Most biliary cystic neoplasms 
arise from the intrahepatic bile ducts; rarely cystic neoplasms arise 
from the extrahepatic biliary tract.’ On gross examination, biliary 
cystadenocarcinomas present as large complex cystic liver masses 
with internal septations and mural nodules that may protrude 
from the cystic epithelium.” Cystic fluid can be thick or thin 
mucoid, blood-tinged fluid containing necrotic material. Histo- 
logically, cystadenocarcinomas are characterized by tubulopapil- 
lary growth of pleomorphic malignant, columnar cells that form 
irregular papillary, tubular, squamous, or spindled projections 
into the stroma and cystic lumen. 


Clinical Features 


Most patients with biliary cystadenocarcinoma present with non- 
specific gastrointestinal symptoms, including abdominal pain, 
bloating, nausea, or vomiting.™®®®® Occasionally patients present 
with jaundice and fever. Rarely, asymptomatic patients are diag- 
nosed with incidental cystadenocarcinomas. 


Diagnosis 


The differential diagnosis of a multiloculated cystic liver mass is 
broad, including neoplastic processes including cystadenoma, cyst- 
adenocarcinoma, mesenchymal hamartoma, inflammatory myofi- 
broblastic tumor, necrotic HCC, and metastasis.°° Nonneoplastic 
processes include liver abscesses, bilomas, intrahepatic hamartomas, 
polycystic liver disease, and echinococcal cysts. Mural nodules and 
irregular thickness of septa with contrast enhancement are sug- 
gestive of malignancy.” Biliary cystic neoplasms are usually large, 
solitary, multilocular cystic lesions with well-circumscribed smooth 
margins and internal septations. Although hemorrhagic cystic fluid, 
solid mural nodules, and coarse calcification along the septations are 
more commonly seen in cystadenocarcinoma than in cystadenoma, 
it can be difficult to differentiate biliary cystadenocarcinoma from 
biliary cystadenoma on the basis of preoperative clinical features 
and radiologic images.””°”*’ A recent study reported that less than 
20% of patients with a pathologic diagnosis of cystadenocarcinoma 
were thought to have cystadenocarcinoma preoperatively.” Patients 
with cystadenocarcinoma have higher serum cancer antigen 19-9 
and cancer antigen 125 values than patients with cystadenoma.” 
The AFP level is usually normal. If malignancy is suspected and 
lesions are potentially resectable, aspiration of cystic fluid should 
be avoided as it is not sensitive and may lead to peritoneal seeding 
of hepatic cystadenocarcinoma.™” Surgical resection should be 
considered, and the final diagnosis is usually confirmed by histo- 
pathologic examination of the resected specimen. 


Treatment and Prognosis 


Surgical resection of the cystic mass is the cornerstone of treat- 
ment whenever it is technically feasible. As the tumors tend to 
be large, patients often need hemihepatectomy or extended hepa- 
tectomy.”’ Approximately one third of patients with biliary cyst- 
adenocarcinoma develop recurrent disease. Surgical resection of 
recurrent tumors should be considered when recurrent cancer is 
limited to the liver without extrahepatic metastasis. The median 
survival of patients with biliary cystadenocarcinoma was reported 
to be 8.4 years.” The effectiveness of other treatment modalities 
is not well established, and alternative options should be consid- 
ered on a case-by-case basis. 


Hepatic Epithelioid 
Hemangioendothelioma 


Hepatic epithelioid hemangioendothelioma is a rare mesenchymal 
tumor of the liver. It is a low-grade malignancy arising from the 
hepatic vasculature.°° 


Epidemiology 


Hepatic epithelioid hemangioendothelioma is an exceedingly rare 
tumor with an estimated incidence rate of less than 1 per million.” 
The epidemiology of this rare tumor is not well established. The 
mean age of onset is reported to be between 40 years and 50 years, 
and there is a female preponderance.” 


Pathogenesis and Pathology 


The risk factors and pathogenesis are unknown because of the 
rarity of the tumors. Epithelioid hemangioendotheliomas often 
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present with multicentric disease involving both lobes of the liver. 
Macroscopically the tumors are firm and white.” Histologically, 
infiltration of the neoplastic dendritic and epithelioid cells into 
sinusoids can mimic veno-occlusive disease.” The tumors also 
often have a cytoplasmic vacuole that corresponds to a vascular 
lumen.’ Epithelioid hemangioendotheliomas stain positively for 
endothelial markers such as factor VIII-related antigen, CD34, 
or CD31 on immunohistochemistry.” Podoplanin has been pro- 
posed as a sensitive (78%) and highly specific (100%) diagnostic 
tumor maker for hepatic epithelioid hemangioendothelioma.”° 


Clinical Features 


Patients often present with nonspecific gastrointestinal symptoms, 
including abdominal pain, nausea, and weight loss. Some patients 
may present with symptoms or signs related to portal hyperten- 
sion and liver failure. Patients may also present with acute abdom- 
inal pain due to tumor rupture with spontaneous hemoperitoneum. 
Occasionally patients present with an incidentally found liver 


6 
mass. $ 


Diagnosis 


Plain abdominal radiographs may show multiple calcific densities 
in the liver.” On liver ultrasonography epithelioid hemangioen- 
dotheliomas are usually hypoechoic but may be hyperechoic or 
have mixed echotexture.”’ On CT scan there are usually multiple 
inhomogeneous, hypodense or hyperdense lesions with peripheral 
enhancement. Approximately 20% of patients have calcification 
within the lesions.” Similarly, MRI shows heterogenous signal 
intensity of multiple liver masses, with higher intensity at the 
periphery of the lesion in the T2-weighted sequences.” There are 
no specific radiographically diagnostic features of epithelioid 
hemangioendothelioma, and the diagnosis requires confirmation 
by biopsy or resection and histopathologic examination. 


Treatment and Prognosis 


Surgical resection is the primary treatment for epithelioid heman- 
gioendotheliomas. However, because of the extent of disease at 
the time of diagnosis, only a small proportion of patients undergo 
surgical resection.” Thus LT may be considered in patients with 
extensive unresectable tumor burden in the liver that compro- 
mises liver function.” The outcome after LT seems promising. 
A report from the European Liver Transplant Registry showed 
that the 1-year, 5-year, and 10-year overall survival rates after LT 
for epithelioid hemangioendotheliomas were 93%, 83%, and 
72%, respectively.“ Overall, the prognosis is better than for HCC, 
cholangiocarcinoma, angiosarcoma, or other tumors of vascular 
origin. A large U.S. study of 137 patients showed that 43% of 
patients survived for more than 5 years.” Similarly, a SEER study 
with 56 patients showed a median overall survival of 75 months.” 
The role of locoregional treatment, radiation treatment, or sys- 
temic chemotherapy/targeted treatment remains unknown. 


Angiosarcoma 


Angiosarcoma of the liver is the most common sarcoma of hepatic 
origin and accounts for 1% to 2% of hepatic malignancies.” In 
contrast to hepatic epithelioid hemangioendothelioma, angiosar- 
comas are highly aggressive vascular tumors and are usually rapidly 


lethal (Table 48-4). 
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TABLE 
yee Vascular Origin Tumors of the Liver 


Incidence rate Less than 1 per million person-years 
Age of onset 40-50 years 
Sex Female preponderance 
Risk factors Unknown 
Treatment 
Surgical Mainstay of treatment 


Liver transplantation Unresectable/extensive tumor burden in the 
liver that compromises liver function 


Survival 
Median survival (mo) 5 


5-yr survival (%) 83 


Epidemiology 


The incidence rate of hepatic angiosarcoma is estimated to be 0.2 
per million person-years.’ In contrast to hepatic epithelioid 
hemangioendothelioma, there is a male preponderance and angio- 
sarcomas tend to affect older individuals. Approximately one 
quarter of patients have a history of exposure to chemical carcino- 
gens. Exposure to thorium dioxide, polyvinyl chloride, arsenic, 
inorganic copper, and anabolic steroids has been reported to be a 
risk factor for hepatic angiosarcoma.°””°”” 


Pathogenesis 


Several cancer signaling pathways have been implicated in the 
pathogenesis of hepatic angiosarcoma. These include the fibro- 
blast growth factor, transforming growth factor, and vascular 
endothelial growth factor signaling pathways.” Germline muta- 
tion of the phosphatase and tensin homolog gene (PTEN), an 
inhibitor of angiogenesis, has been implicated in the pathogenesis 
of hepatic angiosarcoma.”* Disruption of the Notch 1 signaling 
pathway, a regulator of embryonal vascular development, induces 
vascular remodeling, intussusceptive angiogenesis, and angiosar- 
comas in the livers of mice.” 


Pathology 


Grossly, hepatic angiosarcoma presents as large multicentric hem- 
orrhagic masses with scant stromal tissues.” Microscopically, 
tumors are composed of malignant endothelial cells with cellular 
atypia and frequent mitosis, growing through sinusoids. Well- 
differentiated tumors show irregular anastomosing vascular chan- 
nels that consist of abnormal endothelial cells, whereas poorly 
differentiated tumors form solid strands and sheets without char- 
acteristic features of vascular tumors.” Angiosarcomas show posi- 


tive staining for CD31, CD34, and factor VIII antigen. 


Clinical Features 


Patients with angiosarcoma present with nonspecific abdomi- 
nal symptoms, including abdominal pain, distension, nausea, 


Less than 1 per million person-years 
50-70 years 


Male preponderance 


Exposure to thorium dioxide, polyvinyl chloride, arsenic, inorganic copper, and 
anabolic steroid 


Mainstay of treatment: only small proportion of patients are eligible for surgery 
Contraindicated because of high recurrence rate 


anorexia, and weight loss, or with acute-onset abdominal pain 
secondary to catastrophic intratumoral bleeding with rupture and 
hemoperitoneum or fulminant liver failure.” Some patients 
present with symptoms related to extrahepatic metastatic disease, 
such as bone pain from bone metastasis or respiratory symptoms 
from pulmonary metastasis. Patients may present with symptoms 
related to thrombocytopenia, disseminated intravascular coagula- 
tion, or veno-occlusive disease.*** 


Diagnosis 


Ultrasonography of the liver shows multiple hyperechoic lesions. 
Contrast-enhanced CT shows multiple hypoattenuating or hyper- 
attenuating lesions without features suggestive of cavernous 
hemangioma such as progressive centripetal enhancement (Fig. 
48-3). There can be evidence of hemorrhage within large domi- 
nant masses or multiple small nodules with heterogeneous inter- 
nal architecture.*° Dynamic MRI shows multifocal heterogeneous 
hypervascular masses with arterial and portal venous enhance- 
ment without delayed washout.*”*’ There is no specific radiologic 
characteristic to confirm the diagnosis of hepatic angiosarcoma, 
and the diagnosis can be confirmed only by histologic examina- 


tion (Fig. 48-4). 


Treatment and Prognosis 


Hepatic angiosarcoma is a lethal disease of which most patients 
die within 1 year to 2 years after diagnosis.” A recent study from 
Taiwan suggested some recent improvement in the prognosis, but 
more than two thirds of patients still died within 2 years of diag- 
nosis. Data from the SEER database on 207 patients with 
hepatic angiosarcoma revealed a median overall survival of only 1 
month.” Because of the multifocal nature of angiosarcomas, only 
a small fraction of patients are eligible for surgical resection at the 
time of diagnosis. Even after surgical resection with curative 
intent, outcomes are very poor and most patients die within 
1 year.” LT is not an optimal treatment option in patients with 
hepatic angiosarcoma because of the high recurrence rate and 
poor posttransplant survival.”'”’ The optimal roles of locoregional 
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e Fig. 48-3 Contrast-enhanced CT images of hepatic angiosarcoma in arterial (A), portal venous (B), and 
delayed (C) phases showing multiple enhanced lesions. Dominant mass in the left lobe (arrow in A) 
showing spotty arterial phase enhancement and filling in portal venous and delayed phases. D, Cut section 
of explant showing multiple hemorrhagic nodules. (Courtesy of Sudhakar Venkatesh.) 
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micrograph of a hepatic angiosarcoma disclosing high-grade tumor cells 
in a vasoformative pattern. (Courtesy of Michael Torbenson and Rondell 
Graham.) 


treatment, systemic chemotherapy, radiation therapy, and targeted 
treatments remain to be determined.” 


Hepatic Lymphoma 


Primary hepatic lymphoma is a rare hematologic malignancy that 
is confined to the liver without involvement of the lymph nodes, 
bone marrow, or spleen. It accounts for less than 0.01% of non- 
Hodgkin lymphoma (NHL).” 


Epidemiology 


NHL is the sixth most common cancer in the United States, with 
an incidence rate of 230 per million person-years for men and 
160 per million person-years for women.” Approximately one 
third of NHL cases present as an extranodal disease, and less than 
1% of extranodal NHL cases are primary hepatic lymphoma.” 
Primary hepatic lymphoma most often affects middle-aged men.” 


Pathogenesis and Pathology 


The pathogenesis of primary hepatic lymphoma is not well under- 
stood. Viral hepatitis was reported to be a risk factor for primary 
hepatic lymphoma. In a French multicenter retrospective study 
of 31 patients with primary hepatic lymphoma, 21% of patients 
had hepatitis C virus (HCV) infection.” Similarly, a study of 
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69 patients with primary hepatic lymphoma showed that 20% 
of patients had chronic hepatitis B virus infection.” Long-term 
stimulation of B lymphocytes by HCV or hepatitis B virus may 
lead to monoclonal proliferation and inhibition of apoptosis. 
Indeed, HCV can induce a translocation (14318) in chronically 
infected patients, particularly those with mixed cryoglobuline- 
mia, which leads to overexpression of the antiapoptotic protein 
bcl-2 and a monoclonal immunoglobulin heavy chain gene 
rearrangement.” Furthermore, in patients with this translo- 
cation, treatment of HCV with interferon alfa with or without 
ribavirin resulted in the correction of the immunoglobulin heavy 
chain gene rearrangement and t(14;18) translocation in most 
patients.” The fact that disappearance of this genetic alteration 
is associated with virologic response to treatment supports the 
causative effect of HCV in the pathogenesis of primary hepatic 
lymphoma. 

Lymphomas of B-cell origin account for 80% of primary 
hepatic lymphomas. Diffuse large B-cell lymphoma is the most 
common cause of primary hepatic lymphoma and accounts for 
half of primary hepatic lymphomas.” Other subtypes of hepatic 
lymphoma include diffuse mixed small and large cell, lymphoblas- 
tic, diffuse immunoblastic, diffuse small noncleaved cell, and 
diffuse histiocytic NHLs.” Primary hepatic lymphomas of T-cell 
origin, including peripheral T-cell lymphoma, anaplastic T-cell 
lymphoma, and hepatosplenic T-cell lymphoma, are quite rare.” 
Grossly, 40% of hepatic lymphomas present as a dominant liver 
mass and 40% present as multinodular masses. Diffusely infiltra- 
tive patterns are seen in 20% of cases.” Two distinct histopatho- 
logic features of hepatic lymphoma have been reported.’ A 
nodular liver infiltration pattern is associated with diffuse large 
B-cell lymphoma, which is associated with better prognosis. By 
contrast, diffusely infiltrating lymphomas are associated with 
T-cell lymphomas with predominant sinusoidal infiltration, which 
may lead to acute liver failure, and a poor prognosis. 


Clinical Features 


Abdominal pain, weight loss, and fever are the most common 
presenting symptoms of primary hepatic lymphoma.” Patients 
may also present with jaundice, malaise, nausea, or vomiting. 
Rarely patients can present with fulminant hepatic failure.'” 
Physical examination or imaging studies typically show hepato- 
: 103 
megaly without splenomegaly or other lymphadenopathy.’ Most 
patients have elevated levels of liver enzymes and serum B,- 
icroglobulin.'"° Th lete blood i li 
microglobulin. e complete blood count is normal in most 
patients because of the lack of bone marrow involvement by the 
lymphoma.” 


Diagnosis 


Primary hepatic lymphoma frequently presents as solitary or mul- 
ticentric liver masses but may also present with diffuse hepatic 
infiltration.” Mass-forming lymphomas are hypoechoic on liver 
ultrasonography and hypoattenuating with or without rim 
enhancement on contrast CT (Fig. 48-5). On MRI, lymphomas 
may show hypointensity on T1-weighted images, hyperintensity 
on T2-weighted images, and mild enhancement in the arterial 
phase, which becomes progressively more intense in the portal 
venous phase.'**'°” Tissue confirmation by percutaneous biopsy 
is required for diagnosis (Fig. 48-6). Immunohistochemistry, flow 
cytometry, analysis of gene rearrangements, and karyotyping 
should be performed for suspected hepatic lymphomas. 


Treatment and Prognosis 


Currently, treatment of primary hepatic lymphoma is individual- 
ized on the basis of the stage at presentation. Surgical resection 
should be considered in patients who present with a resectable 
liver mass, although only a small proportion of patients present 
with resectable disease. In a review of 84 patients with primary 
hepatic lymphoma, 12% underwent surgical resection, with a 
median survival of 22 months; 14% were treated with surgery 
followed by adjuvant chemotherapy, with a median survival of 
13.6 months; 50% were treated with systemic chemotherapy 
alone, with a median survival of 6 months; 11% received chemo- 
radiotherapy, with a median survival of 22 months; and 12% 
received best supportive care, with a median survival of only 0.7 
months.” Whether surgical treatment is superior to nonsurgical 
treatment is not clear in view of the different baseline character- 
istics of patients receiving surgical treatment versus nonsurgical 
treatments. Nonetheless, on the basis of the available data, resec- 
tion should be considered if it is feasible. The role of adjuvant or 
neoadjuvant chemotherapy and other treatment modalities should 
be further investigated. Patients developing primary hepatic lym- 
phoma in the context of chronic HCV infection can be treated 
with an initial trial of anti-HCV therapy, as this may induce 
remission. 0>"? 


Hepatic Metastasis 


The liver is one of the most common sites of metastasis from 
malignancies of other primary sites. In most countries with low 
or intermediate incidence of primary hepatic tumors, hepatic 
metastases are the most common malignancy found in the liver. 
Colorectal, pancreatic, gastric, breast, and lung cancers and neu- 
roendocrine tumors are the most common primary origins of liver 
metastases. Single or oligometastatic lesions in the liver are often 
surgically resectable, and surgical resection should be considered 
in patients with limited metastatic disease in the liver without 
major contraindications for surgery.''’ In this section, we will 
discuss potential liver-directed treatment options available for the 
management of hepatic metastasis (Table 48-5). 


Hepatic Metastasis From Colorectal Cancer 


The liver is the single most common site of metastasis from 
colorectal cancer. When patients with colorectal cancer present 
with a liver mass, especially in the absence of liver cirrhosis, 
hepatic metastasis should be strongly considered. CT or MRI of 
the liver should be performed for delineation of the tumor. The 
diagnosis of hepatic metastasis can be confirmed by liver biopsy 
and histopathology review with minimal risk of needle track 
seeding. Treatment directed against hepatic metastasis appears to 
improve outcomes in patients with hepatic metastasis. Surgical 
resection of hepatic metastasis should be strongly considered in 
patients with isolated, resectable hepatic metastasis without vas- 
cular invasion or locoregional metastatic lymphadenopathy. ''* 
The 5-year overall survival rate after complete surgical resection 
of hepatic metastasis is approximately 30% to 50%.''?"" A higher 
number of hepatic metastases, presence of lymph nodes, poorly 
differentiated histologic features, extrahepatic metastasis, tumor 
diameter greater than or equal to 5 cm, carcinoembryonic antigen 
level greater than 60 ng/mL, and a positive resection margin are 
associated with negative prognosis." Neoadjuvant chemotherapy 
should be considered in patients who initially present with 
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e Fig. 48-5 Radiologic features of hepatic lymphoma. A, Ultrasound image showing hypointense mass 
in the left lobe (arrow). The mass is T2-hyperintense (B), T1-hypointense (C), and demonstrates arterial 
phase hyperenhancement (D) with washout in the portal venous phase (E). The mass takes up tracer 
avidly on fludeoxyglucose PET (F). (Courtesy of Sudhakar Venkatesh.) 


dot 
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e Fig. 48-6 Histology of hepatic diffuse large B-cell lymphoma. Discohe- 
sive large atypical cells compose this characteristic illustration of diffuse 
large B-cell lymphoma. (Courtesy of Michael Torbenson and Rondell 
Graham.) 


unresectable hepatic metastasis. In one study, 12.5% of patients 
who initially presented with unresectable hepatic metastasis even- 
tually received surgical resection after neoadjuvant chemotherapy, 
achieving a 5-year overall survival rate of 33%.''’ Concurrent 
surgical resection of metastatic disease should be considered in 
patients with both hepatic metastasis and nonhepatic metastasis 
if both metastases are surgically resectable.''* After surgical resec- 
tion of metastatic colorectal cancer, adjuvant systemic chemo- 
therapy is recommended. 

In patients with unresectable hepatic metastasis or who are 
poor surgical candidates, local ablation of hepatic metastasis 
(radiofrequency ablation, ethanol injection, microwave ablation, 
or cryoablation) or locoregional treatment (TACE or TARE) can 
be considered. Local ablation is most effective in patients with 
limited disease burden that can be successfully ablated (three or 
fewer lesions, 5 cm or less in diameter). Although the benefit of 
ablative or locoregional treatment in the setting of hepatic metas- 
tasis has not been investigated as rigorously as that of hepatic 
resection, a multicenter RCT showed that intraarterial infusion 
of irinotecan-loaded drug-eluting beads was superior to standard 
chemotherapy with irinotecan, fluorouracil, and leucovorin in 
terms of overall and progression-free survival.” Similarly, a Phase 
UI multicenter RCT showed that radioembolization with ”Y- 
resin microspheres plus fluorouracil therapy significantly increased 
the time to liver metastasis progression and the time to tumor 
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TABLE 
48-5 


Management of Hepatic Metastasis by Surgery or Liver-Directed Treatment 


Colorectal cancer Surgical resection 
Local ablation/locoregional 


treatment 


Isolated resectable metastasis 
Unresectable metastasis or poor 
surgical candidate 


5-yr survival rate of 30-50%''°"'® 
4-yr survival rate of 15%'° 


Neuroendocrine tumor Surgical resection 


Low-grade resectable tumors 


5-yr survival rate of 74%'**'7° 


Liver transplantation Low-grade unresectable tumors 5-yr survival rate of 50%'7° 12° 
Local ablation/locoregional Unresectable metastasis or poor 5-yr survival rate of 10-50%'° 
treatment surgical candidate 
Hepatic metastasis from breast Resection Isolated liver metastases/well-controlled 5-yr survival rate of 40%'°° 


cancer 
Local ablation/ locoregional 
treatment 


minimal extrahepatic disease 
Unresectable metastasis or poor 
surgical candidate 


3-yr survival rate of 13%'°° 


Hepatic metastasis from melanoma Resection 


progression compared with fluorouracil therapy alone.” The eff- 
cacy and tolerability of stereotactic body radiation therapy in the 
treatment of colorectal liver metastases not amenable to resection 
or radiofrequency ablation have been reported, but further evalu- 
ation in larger Phase III trials is required.” 


Hepatic Metastasis From 
Neuroendocrine Tumors 


Neuroendocrine tumors encompass a highly heterogenous group 
of cancers, ranging from indolent, well-differentiated, low-grade 
tumors to aggressive, poorly differentiated, high-grade tumors. 
The incidence of gastroenteropancreatic neuroendocrine tumors 
was reported to be 36.5 per million person-years.'”” The liver is 
the most common organ site for metastasis from neuroendocrine 
tumors, and more than two thirds of patients with neuroen- 
docrine tumors arising in the gastrointestinal tract (excluding 
the stomach, rectum, or appendix, which rarely metastasize) or 
pancreas present with hepatic metastasis on initial presentation.” 
‘The pancreas and small bowel are the most common primary sites 
in patients with hepatic metastasis.'**'” Surgical resection should 
be considered in patients with resectable hepatic metastasis from a 
low-grade neuroendocrine tumor. A large multiinstitutional study 
of 339 patients with liver metastases from neuroendocrine tumors 
who received a liver-directed treatment, either resection with or 
without ablation (97%) or ablation alone (3%), showed a median 
survival of 125 months, with 5-year and 10-year overall survival 
rates of 74% and 51%, respectively.“ The recurrence rate was 
very high: 94% of patients developed recurrent disease within 
5 years of surgery. A similar result was observed in a smaller 
single-center prospective study.'” A large multicenter study of 
753 patients compared the outcomes of patients who had surgery 
(n = 339) versus TACE (n = 414) for the hepatic metastasis of 
neuroendocrine tumor.'”° This study showed that patients treated 
with surgical resection and TACE had comparable overall sur- 
vival among asymptomatic patients, with 25% or more hepatic 
tumor involvement in propensity score—adjusted analysis. The 
study authors concluded that TACE can be considered in asymp- 
tomatic patients with more extensive disease burden in the liver. 

It remains to be determined which modalities of locoregional 
treatment are more efficacious and tolerable in the treatment of 


Isolated resectable metastasis 


140 


5-year survival rate of 42% 


patients with hepatic metastasis from neuroendocrine tumors. The 
European Neuroendocrine Tumor Society consensus guidelines 
recently recommended that TARE can be substituted for transar- 
terial embolization (TAE) or TACE for the treatment of patients 
with either liver-only disease or limited extrahepatic metastases.'”” 
It is currently controversial whether LT should be offered as a 
treatment option in patients with hepatic metastasis. Some centers 
will consider LT for patients with unresectable hepatic metasta- 
sis with resection of any existing primary disease at the time of 
transplant. A large European multicenter retrospective study of 
213 patients who underwent LT for hepatic metastasis showed 
a 5-year overall survival rate of 52% after LT and 73% after the 
initial diagnosis of hepatic metastasis.” A similar analysis of 150 
patients in the United Network for Organ Sharing Liver Trans- 
plant database reported a 5-year overall survival rate of 49%. 
Those waiting for LT for longer than 2 months had improved 
survival, suggesting a wait before transplant may select individuals 
with less aggressive disease, as those with progressive disease may 
be removed from the transplant list. 

Approximately half of patients with hepatic metastasis from 
neuroendocrine tumors have symptoms related to carcinoid syn- 
drome, such as diarrhea, flushing, bronchospasm, or arrhythmia. 
Long-acting formulations of somatostatin analogues such as 
octreotide are used for the prevention of symptoms, and short- 
acting octreotide can be very useful for the management of break- 
through symptoms. Patients can develop carcinoid crisis as a result 
of the release of large amounts of hormone after tumor manipula- 
tion or tumor-directed treatment. Thus preemptive treatment 
with octreotide is usually recommended in patients who undergo 
local ablation, TACE/TARE, or surgical treatment of hormonally 
active neuroendocrine tumors. 

There is an increasing range of systemic chemotherapy options 
for patients with high-grade neuroendocrine tumors, particularly 
patients with primary pancreatic tumors. Fluorouracil, doxoru- 
bicin, and streptozotocin are often used chemotherapeutic regi- 
mens. '™” The targeted agents everolimus and sunitinib have been 
shown to be effective in patients with advanced-stage low-grade 
tumors of pancreatic origin. A Phase III RCT of everolimus 
in 410 patients with advanced, low-grade or intermediate- 
grade pancreatic neuroendocrine tumors showed an improve- 
ment in median progression-free survival to 11.0 months with 


everolimus compared with 4.6 months with placebo.'”’ Similarly, 
a Phase HI RCT of sunitinib in 171 patients with advanced, 
well-differentiated pancreatic neuroendocrine tumors achieved a 
median progression-free survival of 11.4 months compared with 
5.5 months in the placebo group."*! 


Hepatic Metastasis From Breast Cancer 


Hepatic metastasis from breast cancer occurs mostly after the 
disease is widely disseminated, and most patients with hepatic 
metastasis also have other sites of metastatic disease.” Therefore 
most patients with hepatic metastasis have a poor prognosis, and 
the role of resection of hepatic metastasis appears to be limited. 
However, several studies have reported promising results after 
resection of hepatic metastasis in selected groups of patients with 
hepatic metastasis without or with only minimal extrahepatic 
disease. A meta-analysis including 553 patients from 19 studies 
who had surgical resection of hepatic metastasis showed a median 
overall survival of 40 months and a 5-year survival rate of 40%.” 
The role of other local ablative treatments or locoregional treat- 
ment is controversial in part because of the lack of studies directly 
comparing liver-directed treatment with/without chemotherapy 
versus chemotherapy alone. One study from China showed that 
the response rate of metastatic liver lesions was higher in a TACE 
group compared with a chemotherapy group (36% vs 7%, p < 
0.05). The 1-year and 3-year survival probabilities for the TACE 
group were 63% and 13%, respectively, and those for the systemic 
chemotherapy group were 34% and 0%, respectively.'** Patients 
with limited disease burden (i.e., three or fewer lesions, 5 cm or 
less in diameter) and contraindications to surgery can benefit from 
local ablative treatment.” 


Hepatic Metastasis From Melanoma 


Ocular (uveal) melanoma is unique in that it has a predilection 
to metastasize to the liver: 95% of metastatic ocular melanomas 
are hepatic.” This tendency for hepatic metastasis is in contrast 
to melanoma arising from the skin, as only 15% of patients 
with metastatic cutaneous melanoma have hepatic metastasis.” 
The lack of lymphatic drainage channels in the uveal tract and a 
predisposition to hematogenous over lymphatic spread appear to 
explain this unique pattern of predominant hepatic metastasis in 
patients with ocular melanoma.'**'** Surgical resection of hepatic 
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metastasis is associated with better overall survival. Therefore 
resection of hepatic metastasis is recommended in patients with 

i l if it is feasible.''“° The medi ival 
metastatic melanoma if it is feasible. e median surviva 
of patients with metastatic melanoma who underwent hepatic 
resection for metastatic disease was reported to be approximately 
30 months.“ Hepatic resection appears to be equally effective for 
metastatic disease from either cutaneous or ocular melanoma. "° 


Hepatic Metastasis From the Pancreas 
or Other Gastrointestinal Organs 


The overall prognosis of metastatic pancreatic cancer is extremely 
poor. High perioperative morbidity and mortality are reported for 
patients who had resection of hepatic metastasis while undergoing 
pancreatic resection. More importantly, surgical resection of syn- 
chronous metastatic hepatic lesions was not shown to improve 
outcomes.'“' The role of other liver-directed therapies has not 
been sufficiently investigated in patients with metastatic cancer. 
Similarly to patients with pancreatic cancer, patients with gastric 
cancer that metastasizes to the liver have a poor prognosis, and 
resection of hepatic metastasis does not improve overall survival. 
Thus resection for hepatic metastasis from gastric cancer is not 
recommended.“ Local ablative treatments, conformal or proton 
beam radiation therapy, and catheter-based locoregional treat- 
ment with chemoembolization, radioembolization, or bland 
embolization are all being actively investigated for the manage- 
ment of liver metastases from other primary sites. 


Conclusion 


We have discussed rare malignant hepatic tumors and hepatic 
metastasis, the most common cancer in the liver. The low inci- 
dence rates of the rare tumors are a major limitation in investigat- 
ing their clinical and pathophysiologic characteristics. Recent 
advances in molecular genomic technology have shed light on the 
molecular pathophysiology of these rare tumors. Further multi- 
center collaborative efforts are essential to better understand each 
disease and to standardize the diagnosis and treatment approaches. 
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ABBREVIATIONS 


AFP o-fetoprotein 

CEA carcinoembryonic antigen 

CRP C-reactive protein 

CT computed tomography 

FNH focal nodular hyperplasia 

Gd-BOPTA gadobenate dimeglumine 
GGT y-glutamyl transpeptidase 

HCA hepatocellular adenoma 

HCC hepatocellular carcinoma 

HNF1a@ hepatocyte nuclear factor 10 
HUMARA human androgen receptor assay 
IL-6 interleukin 6 

Mn DPDP manganese dipyridoxal diphosphate 
MRI magnetic resonance imaging 

NRH nodular regenerative hyperplasia 

RES reticuloendothelial system 

SAA serum amyloid A 

SPECT single-photon emission CT 


Introduction 


Benign liver tumors are a heterogeneous group of nodular lesions 
originating from different cell lines. These tumors include hem- 
angiomas, which are the benign nodes found most commonly 
in the liver, and hepatocellular neoplasms, which are clinically 
more relevant lesions (Table 49-1). For hepatocellular lesions a 
descriptive nomenclature was set out by an international panel 
of experts sponsored by the World Congress of Gastroenterology 
1994." The American College of Gastroenterology has recently 
released guidelines for the management of benign tumors of the 
liver that were crafted by the rating of the strength of recommen- 
dations and the quality of evidence while highlighting the added 
value of collecting a detailed history and performing a physical 
examination of the patient during the evaluation of a focal liver 
lesion identified with an imaging modality.” This chapter focuses 
on hemangioma, focal nodular hyperplasia (FNH), hepatocellu- 
lar adenoma (HCA), and large nodular regenerative hyperplasia 
(NRH)—lesions that have become more frequently diagnosed 
following the widespread use of imaging tests which led to the 
recognition of an increased number of affected patients. A molec- 
ular classification has recently been proposed for HCA which 
has changed our understanding of this condition with respect to 
diagnosis, prognostication, and management.” 


720 


Hepatic Hemangiomas 


Hepatic hemangiomas are benign, vascular tumors of the liver, 
the second most common liver mass after metastatic cancer. 


Epidemiology 


Hemangiomas affect 0.7% to 1.5% of the general population, 
being typically discovered incidentally during evaluation of non- 
specific abdominal complaints.” * The prevalence of hemangiomas 
has been overestimated in autopsy series (from 0.4% to as high 
as 20%) because of overrepresentation of elderly patients with 
comorbid illnesses (Table 49-2).*’"* The age at diagnosis is typi- 
cally between 30 years and 50 years but hemangiomas can be diag- 
nosed in all age groups. The reported female: male ratios range 
from 1.2:1 to 6:1. Most hemangiomas are small (< 4 cm). Liver 
nodules larger than 4 cm are defined as cavernous hemangiomas. 


Pathogenesis 


The pathogenesis of hemangioma is unknown. Congenital ham- 
artoma is a likely candidate. Alternatively, hepatic hemangiomas 
could result from dilation of existing blood vessels in tissues that 
developed normally. A pathogenic role of sex hormones has been 
postulated, because of consistent female predominance in larger 
tumors and tumor enlargement/recurrence in hysterectomized 
women under estrogen replacement therapy and in patients with 
a long-term use of oral contraceptives.” Cavernous hemangiomas 
have been observed to increase in size during pregnancy and often 
display estrogen receptors, whereas no direct causal link between 
oral contraceptive use and hepatic hemangioma was observed in 
a case-control study.” Moreover, tumor growth was also induced 
or influenced by drugs such as metaclopramide.”! 


Pathology 


Macroscopically, the tumors are ovoid, soft, reddish-purple or 
blue masses separated from the surrounding parenchyma by a 
fibrous pseudocapsule. Various degrees of fibrosis, hyalinization, 
calcification, thrombosis, and shrinking are seen. Extensive fibro- 
sis and hyalinization, with narrowing or obliteration of vessels, are 
typical for sclerosed hemangiomas. Calcifications are rare, punc- 
tiform, and either central or peripheral. They attest to the presence 
of phleboliths, most often visible in sclerosed hemangiomas or 
giant reshaped hemangiomas. Microscopically, hemangiomas are 
vascular abnormalities characterized by multiple blood-filled sinu- 
soidal spaces and vascular lakes lined by endothelial cells. Vascular 


WAGE Classification of Benign Nodular Lesions 
aime of the Liver 


Hepatocellular Regenerative lesions 
Monoacinar regenerative nodule 
Diffuse nodular hyperplasia without fibrous 
septa (nodular regenerative hyperplasia) 
Diffuse nodular hyperplasia with fibrous septa 
or in cirrhosis 
Multiacinar regenerative nodule 
Lobar or segmental hyperplasia 
Focal nodular hyperplasia 
Dysplastic or neoplastic lesions 
Hepatocellular adenoma 
Dysplastic focus 
Dysplastic nodule 


Bile duct adenoma 
Biliary hamartoma 
Biliary cystoadenoma 
Biliary papillomatosis 


Biliary 


Vascular Hemangioma 
Infantile hemangioendothelioma 
Hereditary hemorrhage telangiectasia 


Lymphangiomatosis 


Mesenchymal Leiomyoma 

Lipoma 

Myeloid lymphoma 
Angiomyolipoma 
Pseudolymphoma 
Fibrous mesothelioma 
Hamartoma 

Benign teratoma 


WAE Epidemiology of Liver Nodules in Normal 
GER or Near-Normal Liver 


Hemangioma Autopsy 0.4-20.9% 
Clinical series 0.7-1.5% 
Focal nodular Autopsy 0.3-3.0% 
hyperplasia Clinical series 0.03% 


Hepatocellular Females who have never 0.001-0.0013% 


adenoma used OCs 0.003-0.004% 
Female long-term OC users Very rare 
Males 
Nodular regenerative Autopsy series 2.1-2.6% 


hyperplasia 


OC, Oral contraceptive. 


channels are separated by a fibrous tissue. They are fed by hepatic 
artery branches, and their internal circulation is slow. Blood 
vessels and arteriovenous shunting may be seen in large septa. The 
tumor seems to grow by ectasia rather than by hyperplasia or 
hypertrophy.” 


Clinical Features 


Characteristically, hemangioma is an incidental finding on hepatic 
imaging. Diagnosis was incidentally made in 23% to 62% of 
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cases, whereas clues to diagnosis were abdominal pain in 23% to 
53% of cases, suspected metastases in 3% to 16% of cases, pal- 
pable mass in 0% to 2% of cases, and nonspecific complaints in 
5% to 9% of cases.” Most patients will have a single tumor 
node.° However, a few patients may present with isolated diffuse 
hemangiomatosis, and this may happen in association with 
Rendu-Osler-Weber disease or skeletal hemangiomatosis.'” Cav- 
ernous hemangiomas are typically silent, benign clinically, and 
rarely expanding or symptomatic tumors. The few patients with 
symptoms complain of one of the following: abdominal swelling, 
upper-right abdominal pain, early satiety, dyspepsia, anorexia, 
abdominal mass, and hepatomegaly. The presence of symptoms 
correlated with the size of hemangiomas in one study” but not 
in another study.’ In addition, there seems to be no correlation 
between symptoms and the number of tumors. Atypical heman- 
giomas exist that form arteriovenous shunts that may cause severe 
symptoms, including heart failure.” Other unusual clinical pre- 
sentations of a hepatic hemangioma include hemobilia, caval 
thrombosis, portal hypertension and torsion of a pedunculated 
tumor, inflammatory pseudotumor, recurrent intranodular 
thrombosis (rarely associated in giant hemangioma with throm- 
bocytopenia) microangiopathic hemolytic anemia, and consump- 
tion coagulopathy, so-called Kasabach-Merritt syndrome. 


Diagnosis 


Liver function test findings are typically normal in patients with 
hemangiomas. A few patients with cavernous hemangiomas may 
present with coagulopathy (i.e., thrombocytopenia and hypofibri- 
nogenemia).”’ Fine-needle aspiration biopsy is considered reason- 
ably safe in hepatic hemangiomas as long as the aspiration route 
is through a layer of normal liver tissue, but lacks sensitivity. The 
aspirate consists mainly of blood with only few noncharacteristic 
spindle cells of benign appearance. In 36 consecutive fine-needle 
aspiration biopsies of liver hemangiomas in Helsinki, a cytologic 
diagnosis of hemangiomas was obtained in 21 cases (58%). One 
patient (3%) had uneventful intraperitoneal bleeding after the 
aspiration.” The sensitivity of percutaneous biopsy (microhistol- 
ogy) for the diagnosis of hemangioma is high (75% to 91%), with 
a specificity of 100%.” Biopsy should be avoided if the radiologic 


features of a hemangioma are present.” 


Imaging Findings 


Ultrasonography and Contrast-Enhanced 
Ultrasonography 


The most common ultrasonographic appearance of hemangioma 
is that of a sharply demarcated lesion with uniformly increased 
echogenicity relative to normal liver (Fig. 49-1). This pattern is 
observed in approximately 70% of hemangiomas detected by 
ultrasonography. The remaining cases show atypical ultrasound 
patterns, and appear either as hypoechoic lesions with an hypere- 
choic border or as lesions with heterogeneous internal structure.” 
Heterogeneity is commonly observed in large hemangiomas. 
Although there are no vascular patterns that can be used to reliably 
diagnose hemangioma with conventional color or power Doppler 
ultrasonography, early clinical experience with ultrasound contrast 
agents has suggested that contrast-enhanced ultrasonography can 
provide useful information.” Most liver hemangiomas (78% 
to 93%) show peripheral nodular enhancement during the early 
phase of the contrast-enhanced study, with progressive centrip- 
etal fill-in.” Diffuse contrast enhancement with homogeneous 
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e Fig. 49-1 Hemangioma, ultrasonography. The lesion shows typical 
features and appears as a round, well-defined, hyperechoic nodule 
(arrow). 


fill-in or persistent hypoechoic appearance due to absent contrast 
enhancement can be observed in small, high-flow hemangiomas 
or thrombosed hemangiomas, respectively.” 


Computed Tomography 


The standard spiral computed tomography (CT) protocol for 
suspected hemangioma includes baseline and contrast-enhanced 
scanning in the arterial, portal venous, and delayed phases. Most 
hemangiomas are hypoattenuating on baseline scans. There is 
discontinuous peripheral nodular enhancement of vascular atten- 
uation on arterial-phase imaging isoattenuating to aorta with 
progressive centripetal fill-in and hyperattenuation with possible 
central hypoattenuation or isoattenuation to the vascular space in 
the delayed phase.” This pattern has a sensitivity of 67% to 86% 
and a specificity of 99% to 100% for the diagnosis of hemangi- 
oma.*””° Atypical CT features are observed in hemangiomas with 
either high flow or very slow flow. High-flow hemangiomas show 
rapid filling after contrast agent administration, resulting in 
homogeneous enhancement during the hepatic arterial or portal 
venous phase.” This feature is relatively common in small hem- 
angiomas. Differentiation of high-flow hemangioma from hyper- 
vascular malignant tumors may be difficult, and relies on 
attenuation equivalent to that of the aorta during all phases of 
CT, including the delayed phase. Very slow flow hemangiomas 
appear either as nonenhanced lesions or as lesions with weak 
peripheral enhancement without centripetal progression. These 
features may be related to thrombosis or abundant fibrosis, and 
mimic a hypovascular malignant tumor. 


Magnetic Resonance Imaging 


The magnetic resonance imaging (MRI) protocol for character- 
izing suspected hemangioma includes gradient-echo T1-weighted 


sequences, fast spin-echo T2-weighted sequences with short and 
long (> 200-msec) echo times, and serial dynamic gadolinium- 
enhanced gradient-echo Tl-weighted sequences. Hemangioma 
appears as a homogeneous focal lesion with smooth, well-defined 
margins. The lesion is hypointense compared with liver paren- 
chyma on Tl-weighted MRIs and strongly hyperintense on 
T2-weighted MRIs relative to spleen. The high signal intensity 
on heavily T2-weighted (long echo time) MRIs gives hemangio- 
mas a consistent light-bulb pattern with 100% sensitivity and 
92% diagnostic specificity.” Dynamic contrast-enhanced MRI 
shows a quite typical perfusion pattern in hemangioma; that 
is, discontinuous peripheral nodular enhancement in the early 
phase with centripetal progression to uniform or almost uniform 
enhancement during the portal venous and the delayed phase 
(Fig. 49-2). Such a characteristic enhancement pattern has a sen- 
sitivity of 77% to 91% and a specificity of 100% for the diagnosis 
of hemangioma.” However, very small (< 1.5 cm), high-flow 
hemangiomas frequently exhibit a hypervascular pattern, with 
uniform enhancement in the arterial phase, which may persist 
in the portal venous and delayed phases (Fig. 49-3).”” In these 
cases, diagnostic assessment may be difficult and requires careful 
analysis of baseline and contrast-enhanced images. Hemangioma 
shows a peculiar feature after the injection of reticuloendothelial 
system (RES)—targeted MR agents (i.e., lesion hyperintensity on 
T1-weighted postcontrast MRIs). This is due to the T1 effect of 
superparamagnetic iron oxide particles trapped within the slow- 
flow vascular channels of the lesion.“ MRI is preferred to CT in 
cases where there is a nodule smaller than 3 cm or where a nodule 
is found close to the heart or intrahepatic vessels.” 


Technetium-99m-Labeled Red Blood Cell Scintigraphy 

Technetium-99m-pertechnetate-labeled red blood cell scintigra- 
phy is a relatively specific examination for characterizing heman- 
gioma. With this method there is decreased activity on early 
dynamic images and increased activity on delayed blood pool 
images. Comparison between ”Tc-pertechnetate-labeled red 
blood cell single-photon emission CT (SPECT) and MRI showed 
that MRI had higher sensitivity and specificity than SPECT, 


especially for lesions smaller than 2 cm in diameter.“' 


Diagnostic Workup 


The recommended diagnostic workup for suspected hemangioma 
is dependent on the clinical scenario. If a hemangioma with 
typical ultrasound features is incidentally detected in a patient 
with neither a history of malignancy nor chronic liver disease, 
no additional investigation may be required. It has been shown 
that in this clinical setting the risk of misinterpreting a malignant 
tumor for an hemangioma is negligible (0.5%). Conversely, in 
incidental lesions with ultrasound features atypical of hepatic 
hemangioma, further diagnostic workup is recommended. Addi- 
tional investigation is also mandatory—regardless of the ultra- 
sound features—for any lesion detected in a patient at increased 
risk of malignancy. MRI is currently the most accurate technique 
for diagnostic confirmation of suspected hemangioma,” and it is 
preferred in cases where the lesion is smaller than 3 cm or close 
to intrahepatic vessels or the heart.” Despite promising results 
obtained in recent investigations, contrast-enhanced ultrasonogra- 
phy is at an early stage of clinical application and it can increase 
both sensitivity and specificity in diagnosis.” On the other hand, 
spiral CT has limitations in achieving a reliable diagnosis of small 
lesions, especially in the setting of cirrhosis.**“* Indeed, high-flow 
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e Fig. 49-2 Hemangioma, magnetic resonance imaging (MRI). A, On the baseline T2-weighted MRI, 
the lesion shows very high signal intensity. B, On the baseline T1-weighted MRI, the hemangioma is 
hypointense compared with surrounding liver parenchyma. C, During the arterial phase of the contrast- 
enhanced dynamic study, the lesion shows peripheral globular enhancement. D, In the delayed phase, 
complete homogeneous enhancement is observed within the lesion. 


hemangiomas that are enhanced homogeneously in arterial- 
phase CT scans may not be confidently distinguished from small 
hypervascular carcinoma.” Because MRI has greater sensitivity 
to small differences in contrast enhancement and because several 
fast MR sequences can be used to track the passage of a small, 
tight bolus of contrast material, MRIs may show the character- 
istic enhancement patterns of hemangioma and hepatocellular 
carcinoma (HCC) better than CT images.’ In addition, MRI, 
besides the information provided by the dynamic gadolinium- 
enhanced study, can offer improved capability of lesion char- 
acterization through the analysis of lesion signal intensity on 
baseline sequences, especially heavily T2-weighted sequences.“ In 
the setting of cirrhosis, diagnosis of hemangiomas should meet 
strict CT or MRI criteria, whereas percutaneous biopsy can be 
used to solve an uncertain diagnosis. Echo-guided liver biopsy 
should be avoided if the radiologic features of a hemangioma 
are present, whereas in small nodules of uncertain diagnosis, a 
close follow-up with imaging techniques is more prudent than 
a biopsy.” 


Treatment 


A conservative approach is recommended for the management of 
hepatic hemangiomas. The large majority of these lesions remain 
asymptomatic and stable over time, making surgical treatment for 
the prevention of rare complications not justified.””*** There is 
some suggestion that very large lesions present an added risk of 
spontaneous rupture or rupture because of trauma, but reports in 
the literature of such events are sparse. 

Treatment is not indicated for asymptomatic tumors that are 
smaller than 5 cm. Current indications for surgical management 
of these benign liver masses include uncertain diagnosis with a 
suspicion of malignancy, severe or progressive symptoms due to 
size, and less commonly, risk of hemorrhage or rupture.” Treat- 
ment of symptomatic patients with impaired quality of life can 
be done with surgical or nonsurgical therapeutic modalities by 
an experienced team. Elective surgical resection has been advo- 
cated in selected young patients with an asymptomatic, larger 
than 10 cm hemangioma to eliminate the risk of hemorrhage, 
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e Fig. 49-3 Hemangioma, magnetic resonance imaging (MRI). A, On the baseline T2-weighted MRI, a 
tiny lesion is detected as a hyperintense nodule (arrow). B, On the baseline T1-weighted MRI, the hem- 
angioma is hypointense compared with surrounding liver (arrow). C, In the arterial phase of the contrast- 
enhanced dynamic MR study, the small lesion shows uniform enhancement (arrow). D, In the delayed 
phase the lesion remains hyperintense because of persistent enhancement (arrow). 


thrombosis, and rupture. Enlarging tumors and those that became 
symptomatic have been successfully treated by resection, with 
relief of symptoms in 90% of cases.” Patients with multiple 
hemangiomas and those with extensive hilar involvement may 
be considered for either angiographic embolization or liver trans- 
plant. The former treatment is indicated for patients with one 
or few tumors that have favorable vascular anatomy as a debulk- 
ing therapy before surgery to reduce blood loss at the time of 
surgery or to treat atypical tumors with arteriovenous shunts. 
When local ethanol injection therapy was delivered to 37 patients 
with symptomatic hemangiomas (41% with multiple nodes, 60% 
with cavernous tumors), the tumors shrank in 27 of the patients 
(73%) and pain disappeared in 10 of the 29 patients (35%) with 
symptoms.” 

Liver transplant may be indicated for large, unresectable 
tumors, for extensive multiple tumors, or when surgical resection 
is not feasible. Hepatic resection and transcatheter hepatic embo- 
lization are effective treatment modalities for Kasabach-Merritt 
syndrome, although in a few instances unresectable cavernous 
hemangiomas with this complication may be an indication for 
liver transplant.” There is little evidence for the efficacy of radio- 
therapy, which carries a risk of radiation hepatitis. In a PubMed 
MEDLINE search,*° 32 patients with a spontaneously ruptured 
hemangioma (range 6-25 cm in diameter) were identified. Thir- 
teen patients (59%) underwent hepatic resection, five patients 
(23%) underwent suture, and four patients (18%) underwent 
tamponade. Three of the 13 patients who underwent resection, 


2 of the 5 patients who underwent suture, and 3 of the 4 patients 
who underwent tamponade died. 

Treatment of symptomatic patients with impaired quality of 
life can be done with surgical or nonsurgical therapeutic modali- 
ties by an experienced team. 


Prognosis and Natural History 


Limited series of longitudinal studies assessing changes in the 
volume of hemangiomas during follow-up showed a decrease in 
ing from 0% to 7%, and an increase ranging from 0% 

%4 ‘The observed increase in size of the lesions is 
thought to result from progressive ectasia rather than hyperplasia 
or hypertrophy.” 

The risk that a patient with an asymptomatic hemangioma will 
develop abdominal pain is negligible.” In a series of patients 
presenting with abdominal pain, pain disappeared in most patients 
either after treatment of comorbidities or without specific treat- 
ment. Pain persisted in two thirds of patients who underwent 
treatment of hemangioma with hepatic resection, embolization, 
or artery ligation.” The mechanisms for development of symp- 
toms or pain are unclear but may include expansion of tumor size 
with pressure effects on adjacent hepatic parenchyma or Glisson’s 
capsule. In a few cases, symptoms relate to intralesional hemor- 
rhage, localized thrombosis, or torsion of a pedunculated heman- 
gioma. Kasabach-Merritt syndrome (i.e., disseminated intravascular 
coagulation in the setting of a cavernous hemangioma of the liver 


WwA=)8-3 Longitudinal Studies Assessing Changes of 
Sm Volume of Hemangiomas During Follow-Up 


Gandolfi 123 22 (12-60) 0 1 (1%) 
et al.° 

Farges 78 92 0 1 (1%) 
et al.” 

Weimann 104 32 (7-123) 7 (7%) 11 (11%) 
et al.” 

Terkivatan 78 45 (24-72) 0 1 (1%) 
et al.” 

Okano 64 19 (6-58) 1 (2%) 0 
et al.” 


“The range is given in parentheses. 


and cutaneous hemangiomas) presents with abdominal pain and 
signs of bleeding. During a follow-up of 3 months to 180 months, 
a tiny minority of patients (10%) with a hemangioma showed a 
decrease of tumor size, whereas in a similar percentage of patients 
the tumor grew in size (Table 49-3). 

The risk of rupture of hepatic hemangiomas in negligible, the 
only reports involving patients with cavernous hemangiomas 
undergoing trauma-induced or spontaneous rupture. Rupture is 
associated with sudden onset of severe abdominal pain, abdominal 
distension, hypotension or shock, and increased serum levels of 
transaminases and prothrombin time. A PubMed MEDLINE 
search has identified up to 32 cases of spontaneous rupture of 
hepatic hemangioma (mostly cavernous hemangiomas) in adults 
without a history of trauma.*® 

According to the American College of Gastroenterology rec- 
ommendations, pregnancy and the use of oral contraceptives or 
anabolic steroids are not contraindicated in patients with liver 
hemangioma, and follow-up imaging is not required in cases of 
classic hemangioma.” 


Focal Nodular Hyperplasia 


FNH of the liver is a rare, completely benign lesion characterized 
by nodular hyperplasia of hepatic parenchyma around a central 
scar containing an anomalous artery, usually occurring in a normal 
liver and frequently multinodular. 


Epidemiology 


FNH is the second most common benign tumor of the liver, with 
an estimated prevalence of 0.4% to 3% in unselected autopsy 
series, >% whereas clinically relevant cases of FNH are rare, 
with a reported prevalence of 0.03%.° The tumor has a 
female: male ratio of between 2:1 and 2.6:1, and the average age 
at presentation is between 35 years and 50 years. FNH is fre- 
quently associated with liver hemangioma (20% of cases),” with 
other FNH (multiple FNH in 20% to 30% of cases),'°*””! and 
more rarely with HCA.’ 
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Pathogenesis 


FNH appears to be the result of a hyperplastic response of the 
hepatic parenchyma, mainly composed of reactive polyclonal pro- 
liferating hepatocytes,” to an arterial lesion and/or portal venous 
malformation. Clonality studies, mainly using human androgen 
receptor assays (HUMARAs), showed the polyclonal origin of 
FNH in 50% to 100% of cases.“ The consequent formation 
and enlargement of arterial to venous shunts” causes hyperper- 
fusion in local arteries, resulting in oxidative stress that trig- 
gers a response from hepatic stellate cells to produce the central 
scar typically seen in cases of FNH.**°' FNH can be associated 
with other vascular abnormalities, such as hepatic hemangioma 
and hereditary hemorrhagic telangiectasia (Rendu-Osler-Weber 
disease)” or the congenital absence of the portal vein. 

The finding of an unbalanced expression of the angiopoietin 
1 and angiopoietin 2 genes coupled with expression of angiopoi- 
etin 1 protein by the endothelial cells of dystrophic vessels sug- 
gests a role of angiopoietin genes in FNH.” Clonality studies and 
overexpression of important genes involved in cell homeostasis 
such as the Bcl-2 and transforming growth factor O genes support 
the important role of hepatocellular proliferation in FNH.” Con- 
versely, the role of oral contraceptives in FNH is disputed. A 
hospital-based case-control study in women with histologically 
proven FNH showed a quantitatively proportional increase in 
the risk of FNH in patients who had ever used oral contracep- 
tives.°° Their use has been associated with an increase in size and 
vascularity of FNH nodes, and tumor regression was observed 
after drug withdrawal.°’ However, the association between preg- 
nancy, estrogen, and FNH was negated by an 8-year study in 
216 women in Paris.” 


Pathology 


Macroscopically, the vast majority of the patients have pale tan to 
light brown lesions causing a central scar radiating into the liver 
tissue. Most solitary tumors is located in the right lobe. In a 
pathology study of 305 lesions in Paris (mostly symptomatic), 
21% of the patients had two to five nodules in the liver and 3% 
had 15 to 30 nodular lesions.” The size of the lesions ranged from 
1 mm to 19 cm (median 3 cm), and occasionally lesions were 
either pedunculated or encapsulated. A large vascular pedicle was 
observed in a tiny minority of the patients (6%). The previously 
classified atypical or telangiectatic FNH is now recognized as a 
subtype of HCA with the new molecular classification.’ Eighty 
percent of patients present with the classic form, which is charac- 
terized by abnormal nodular architecture, malformed-appearing 
vessels, and bile duct proliferation. Most classic forms contain one 
to three macroscopic scars. 

Microscopically, the classic FNH lesion shows nodular hyper- 
plastic parenchyma, the nodules being completely or incompletely 
surrounded by fibrous septa (Fig. 49-4). The central fibrous scar 
contains malformed vessels of various calibers, mostly large and 
tortuous arteries showing intimal or muscular fibrohyperplasia 
and spiderlike malformation. However, apart from the dystrophic 
vessels in the scar, the morphology of the vessels in the lobular 
parenchyma confirms that FNH retains the overall organization 
of the normal liver tissue. Dense bile ductular proliferation 
accompanies the vascular structures both in the central scars and 
in the radiating septa with histologic cholestasis. A mild degree 
of macrovascular steatosis is often present. The multiple FNH 
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e Fig. 49-4 Focal nodular hyperplasia characterized by fibrous septa containing arteriolar vessels and 
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marginal proliferation of small ducts, in the presence of diffuse hepatocellular hyperplasia: A, hematoxylin- 


eosin, x5; B, hematoxylin-eosin, x50. 


syndrome is the presence of at least two FNH lesions and one or 
more liver hemangiomas, central nervous system vascular malfor- 
mation, meningioma, and astrocytoma.’ 


Molecular Features Associated With 
Focal Nodular Hyperplasia 


Clonal analysis using the HUMARA demonstrated the reactive 
polyclonal nature of liver cells in 50% to 100% of FNHs.”»””* 
Although genetic analysis failed to identify somatic mutations in 
the CTNNB1I, TP53, APC, or HNFIA genes,” other studies 
showed modifications of the messenger RNA expression levels of 
the angiopoietin genes (ANGPTI and ANGPT2) involved in 
vessel maturation, with an increased ANGPT1/ANGPT2 ratio in 
all FNH samples analysed’””’; however, no somatic mutations 
in genes involved in benign and malignant liver tumorigenesis 
have been described thus far in FNH. The overexpression of genes 
involved in the extracellular matrix, particularly for the central 
fibrous scar related to activation of the transforming growth factor 
pathway,” and the overexpression of Wnt/B-catenin target 
genes, including GLUL coding for glutamine synthase, can result 
from an abnormal arterial blood flow. The heterogeneous distribu- 
tion of glutamine synthase caused by B-catenin activation without 
B-catenin-activating mutations supports the polyclonal origin of 
FNH. Because the maplike pattern of glutamine synthase expres- 
sion is characteristic, easy to recognize, and specifically observed 
in FNH, this immunohistochemical assay is now used as a routine 
diagnostic tool. 


Clinical Features 


FNH is usually an incidental finding in patients with normal liver 
enzyme levels but a few patients may have symptoms of a palpable 


mass or hepatomegaly (Table 49-4). 


Diagnosis 


Liver chemistry is usually unaltered. In a few patients FNH may 
cause slight elevations in serum y-glutamyl transpeptidase (GGT) 


TABLE 


Clinical Findings Leading to Diagnosis in 
hele Patients With Focal Nodular Hyperplasia 


Incidental 66 (44%) 46 (35%) 
Abdominal pain 49 (37%) 75 (58%) 
Palpable mass 3 (2%) 5 (4%) 

Abnormal LFT findings 18 (12%) 17 (13%) 


LFT, Liver function test. 


levels. Serum tumor markers O-fetoprotein (AFP), carbohydrate 
antigen 19-9, and carcinoembryonic antigen (CEA) are invariably 
normal.” Lesions lacking a central scar and smaller lesions with 
indeterminate vascular characteristics may be diagnosed by 
ultrasound-guided thin biopsy.“ The major clinical problem is the 
differential diagnosis of FNH from other benign (i.e., HCA) or 
malignant hepatocellular tumors. Immunohistochemical analysis 
performed on biopsy specimens can discriminate FNHs from 
HCAs with good performance.” The immunohistochemical 
staining of glutamine synthase is useful to reveal 5 to 10 thick 
plates of hepatocytes stained around the veins without staining 
around the fibrous scar (maplike pattern).”° 


Imaging Findings 


Ultrasonography and Contrast-Enhanced 
Ultrasonography 

FNH may have variable ultrasound features. It usually appears as 
a round mass that is slightly hypoechoic or slightly hyperechoic 
compared with liver parenchyma. Some lesions may be isoechoic 
compared with the liver and may be detected only because of 
vascular displacement. The lesion is frequently homogeneous. The 
detection of the central scar on baseline ultrasonography is 


uncommon. Typical findings on color or power Doppler ultraso- 
nography include the presence of a central feeding artery with a 
stellate or spoke-wheel pattern determined by vessels running into 
radiating fibrous septa originating from the central scar. Doppler 
spectral analysis can show an intralesional pulsatile waveform with 
high diastolic flow and low resistive index.” The specificity of 
ultrasonography in the diagnosis of FNH has improved following 
the introduction of ultrasound contrast agents. On contrast- 
enhanced ultrasonography, FNH shows central vascular supply 
with centrifugal filling in the early arterial phase, followed by 
homogeneous enhancement in the late arterial phase. In the portal 
phase the lesion remains hyperechoic relative to normal liver 
tissue, and becomes isoechoic in the late phase.” This pattern 
has been observed in 85% to 100% of FNH.” The central scar 
becomes detectable as a hypoechoic area in the portal phase of the 
contrast-enhanced study. 


Computed Tomography 


FNH is usually isoattenuating or slightly hypoattenuating com- 
pared with surrounding liver on baseline CT scanning. The detec- 
tion rate of the central scar, which appears as a hypoattenuating 
structure, is related to the size of the lesion. The central scar may be 
identified in 35% of lesions smaller than 3 cm in diameter and in 
65% of those exceeding 3 cm.'° FNH shows strong homogeneous 
enhancement during the arterial phase of the contrast-enhanced 
CT study.” The central scar is typically hypoattenuating during 
the arterial phase. In the portal venous and delayed phases, FNH 
becomes isoattenuating compared with the hepatic parenchyma.” 
On delayed images, the central scar may become hyperattenuating 
because of contrast agent distribution within its fibrous stroma. 
CT features may allow correct characterization of FNH in 78% 
of cases. 


Magnetic Resonance Imaging 


MRI is the most accurate imaging method to characterize FNH. 
Owing to the affinity of its cells with normal hepatocytes, FNH 
is usually slightly hypointense or isointense with respect to normal 
liver parenchyma on T1-weighted images and slightly hyperin- 
tense or isointense on T2-weighted images.® The hallmark of the 
lesion, the central stellate scar, is usually depicted because of its 
hypointensity on Tl-weighted images and hyperintensity on 
T2-weighted images, reflecting its pathologic substratum of a 
vascularized connective tissue.” On baseline MRI, however, the 
mentioned typical features (i.e., homogeneous structure, isointen- 
sity with respect to liver, and presence of the central scar) are 
observed in only 22% of cases.*' Diagnostic confirmation requires 
acontrast-enhanced MRI study. This is usually performed through 
serial dynamic imaging following the administration of gadolin- 
ium chelate.** FNH shows strong, homogeneous enhancement in 
the arterial phase sparing the central scar, whereas it becomes 
isointense compared with liver parenchyma in the portal venous 
and delayed phases (Fig. 49-5). The central scar may show contrast 
agent uptake in the delayed phase owing to the interstitial distri- 
bution of the contrast agent. These features have a specificity of 
more than 95% for the diagnosis of FNH.** However, even with 
the administration of gadolinium chelates, the central scar may 
not be detectable in as many as 22% of FNHs, including 80% of 
those smaller than 3 cm.® Use of a liver-specific MR contrast 
agent is an alternative strategy to diagnose FNH. Owing to the 
affinity of its cells with hepatocytes, FNH takes up hepatocyte- 
targeted agents, like normal parenchyma. These agents are then 
trapped within the lesion because FNH is unable to effectively 
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eliminate the compound via biliary excretion, because of the pres- 
ence of abnormal bile ductules that fail to communicate with the 
normal biliary system, possibly resulting in defective or delayed 
excretion with persistent contrast agent retention. In contrast, 
HCAs and HCCs typically do not show contrast agent retention; 
hence they appear hyperintense compared with normal paren- 
chyma on T1-weighted images.*’ Also, the central scar, which 
does not take up the hepatocyte-targeted agent, becomes well 
delineated in up to 90% of cases (Fig. 49-6).°* This approach may 
allow diagnosis of 90% of the FNHs with atypical features on the 
baseline and conventional contrast-enhanced dynamic study.” In 
a multicenter study of 550 consecutive patients with focal liver 
lesions characterized by gadobenate dimeglumine (Gd-BOPTA) 
MRI, 95% of FNHs (289 of 302) were isointense or hyperintense 
on hepatobiliary phase images. In the same study the overall 
diagnostic performance of hepatobiliary MRI in differentiating 
benign from malignant lesions demonstrated sensitivity of 96.6%, 
specificity 87.6%, and a positive predictive value of 85%.” The 
diagnosis of FNH has also been achieved with the use of RES- 
targeted agents. Because of its rich Kupffer cell population, FNH 
takes up iron oxide particles, and shows a marked signal intensity 
decrease on T2-weighted images. The central scar is usually well 
delineated on postcontrast images as it does not contain RES cells 
and therefore keeps a high signal intensity.” 


Technectium-99m Sulfur Colloid Scintigraphy 
Technectium-99m sulfur colloid scintigraphy has long been used 
to characterize FNH. Up to 80% of these lesions show uptake 
owing to their Kupffer cell population. Unfortunately, the 
uptake of sulfur colloid is not highly specific. In a series of 20 
lesions, sulfur colloid studies were diagnostic in only 16% of 
FNHs larger than 3.5 cm and in 14% of lesions smaller than 
3.5 cm.” 


Diagnostic Workup 


FNH is usually incidentally detected. Diagnostic confirmation 
can rely solely on imaging findings, provided that typical features 
are shown in the proper clinical setting. CT can be used to char- 
acterize lesions of medium to large size but has limitations in the 
diagnosis of small lesions.**** Although promising results have 
been recently reported with the use of contrast-enhanced ultraso- 
nography, MRI is the most accurate technique to diagnose FNH." 
MRI, besides the information provided by the baseline and the 
dynamic gadolinium-enhanced study, can offer improved capabil- 
ity in lesion characterization through the use of liver-specific 
agents, especially in small lesions.“ The use of percutaneous 
biopsy should be restricted to cases with questionable findings.”* 
The immunohistochemical staining of glutamine synthase may 
add sensitivity and specificity to the histologic diagnosis whenever 
a liver biopsy is deemed necessary. 


Associated Conditions 


The syndrome of multiple FNH is the presence of FNH, hepatic 
hemangiomas, and disorders of the central nervous system such 
as meningioma, astrocytoma, and arterial malformations. This 
syndrome has been described in association with Klippel- 
Trénaunay-Weber syndrome, a nonhereditary congenital condi- 
tion characterized by capillary malformations, hemihypertrophy, 
and venous stasis.” The association between FNH and fibrolamel- 
lar carcinoma is disputed. 
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e Fig. 49-5 Focal nodular hyperplasia, magnetic resonance imaging (MRI). A, On the baseline 
T2-weighted MRI, the lesion appears isointense compared with surrounding liver parenchyma (i.e., unde- 
tectable) and the central scar is detected as an hyperintense area (arrow). B, On the baseline T1-weighted 
MRI, the lesion is isointense compared with liver and the scar is detected as a hypointense zone (arrow). 
C, In the arterial phase of the contrast-enhanced dynamic MR study, a rapid homogeneous enhancement 
sparing the central scar is observed. D, In the delayed phase the lesion becomes isointense compared 
with surrounding parenchyma. 


e Fig. 49-6 Focal nodular hyperplasia, magnetic resonance imaging (MRI). A, On the baseline 
T2-weighted MRI, the lesion is slightly hyperintense compared with liver (arrow). B, On the baseline 
T1-weighted MRI, the lesion is hypointense compared with surrounding parenchyma (arrow). C, After the 
administration of a hepatobiliary contrast agent (MnDPDP), the lesion appears hyperintense compared 
with normal parenchyma on the T1-weighted MRI (arrow) and the central scar is detected as an hypoin- 
tense area. 


Treatment 


Treatment is rarely indicated. FNH usually does not bleed 
or undergo malignant transformation. Hemorrhage, clinically 
important symptoms, and uncertain diagnosis are indications for 
surgical resection. Treatment of FNH should be reserved also for 
patients with a lesion that demonstrates growth on sequential 
imaging. In a series of 150 patients with FNH in Hannover, five 
patients (3%) underwent hepatic resection because of the onset 
of symptoms. The rate of recurrence or persistence of presenting 
symptoms following resection may exceed 20%.” 

Although partial hepatic resection is the most common inter- 
vention, embolization and radiofrequency ablation have more 
recently been used as they are associated with fewer complications 
and lower morbidity.” ®' 


Prognosis and Natural History 


FNH is a completely benign condition with the potential of 
changing in size. Most cases of FNH are asymptomatic and stable 
over time.” In one study,” 4% of the lesions decreased in size, 
whereas FNH increased in size in 9% of 53 patients who were 
monitored for 9 years. In recent reports the size of the lesions did 
not increase during oral contraceptive use and pregnancy” nor 
did it increase in patients receiving immunosuppressive therapy.” 
The risk of bleeding of FNH seems remote,'””* and neoplastic 
transformation has never been reported. In a few patients, FNH 
has been reported to progress to develop clinically important 
symptoms.” In a series of 53 patients observed in Hannover for 
3 years, upper abdominal symptoms developed in 21 patients 
(40%) and were severe in 2 patients (4%)”; however, the occur- 
rence of HCC and spontaneous rupture were rare in other 
studies.”””” 

Pregnancy and the use of oral contraceptives or anabolic ste- 
roids are not contraindicated in patients with FNH; however, 
follow-up ultrasonography annually for 2 years to 3 years is 
prudent in women with FNH who wish to continue with oral 
contraceptive use. Women with a firm diagnosis of FNH who are 
not using oral contraceptives do not require follow-up imaging. 
An MRI or CT scan should be obtained to confirm a diagnosis 
of FNH. A liver biopsy is not routinely indicated to confirm the 
diagnosis. Asymptomatic FNH does not require intervention. 


TABLE 
Yee Genotype-Phenotype Correlations in Hepatocellular Adenomas 
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Hepatocellular Adenoma 


HCA is a rare, frequently capsulated nodular lesion of the liver 
characterized by benign monoclonal proliferation of liver cells that 
is classified in three groups by combination of histologic, geno- 


type, and phenotype features (Table 49-5). 


Epidemiology 


HCA is by far a less frequent disease than FNH, with a prevalence 
of 0.001% to 0.004%.'”'* In a series of patients collected between 
1989 and 1992 the adenoma/FNH ratio was 1:10, occurring 
more commonly in reproductive age women who use oral contra- 
ceptives.° In one study” the relative risk of HCA was 25 for 
women who used oral contraceptives for more than 109 months 
compared with those who used contraceptives for less than 12 
months. Although the female: male ratio is 4:1” the incidence of 
HCA appears to have increased in males because the use of ana- 
bolic drugs has become widespread in sports.” The tumor also 
may be associated with underlying metabolic syndrome, including 
Type I and Type II glycogen storage disease, obesity, and iron 
overload related to B-thalassemia or hemochromatosis. 10°10 


Risk Factors 


Sex hormones have long been incriminated in HCA. A number 
of observational studies have disclosed a link between oral con- 
traceptives and increased risk of HCA in women that was subse- 
quently strengthened by the demonstration of a dose-response risk 
ratio and tumor regression on drug withdrawal.” On the other 
hand, both exogenous androgens and high levels of endogenous 
androgens have convincingly been associated with an increased 
risk of HCA in men.'°*! The risk of HCA is also increased in 
patients with Type Ia and Type III glycogen storage disease with 
reference to the inflammatory subtype of HCA,'”° metabolic syn- 
drome, and diabetes and obesity.'”” 


Hepatocellular Adenoma Classification 


HCAs are monoclonal tumors’””® that may present with different 


molecular signatures. One group of HCAs encompassing 50% 
of all cases is characterized by mutations of the HNFIA gene 


40-50% HNF1o mutation only Marked steatosis, no inflammation, no Absence of liver fatty 7 
cytologic abnormalities acid-binding protein 

10% B-Catenin mutation Pseudoglandular formation and cytologic Nuclear B-catenin; 46 

only abnormalities glutamine synthetase 

40% No mutations Inflammatory features, vessel dystrophy, Serum amyloid A 0 
cytologic abnormalities, and may 
contain cytokeratin 7-positive ductules 

NA No inflammation 13 


HCC, Hepatocellular carcinoma; HNF1œ, hepatocyte nuclear factor 1; NA, not applicable. 
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(see Table 49-5). This gene encodes hepatocyte nuclear factor 
lo (HNF10), and it was identified as a human tumor suppres- 
sor gene involved in hepatic carcinogenesis.” HCAs harboring 
HNF1o mutations show inhibition of gluconeogenesis coordi- 
nated with an activation of glycolysis citrate shuttle and fatty 
acid synthesis, which may lead to high rates of lipogenesis. These 
changes are accompanied by silencing of FABP1, which encodes 
a liver fatty acid bridging protein, suggesting that impaired 
fatty acid traffic may also contribute to the fatty phenotype 
of HCA.'” 

A few HCCs representing 10% of all HCAs harbor a mutation 
of the Wnt/B-catenin pathway,’ thus pathogenetically linking 
these adenomas with a subgroup of HCCs, characterized by muta- 
tions of B-catenin.''’ In a series of patients with HCA, those with 
B-catenin activation were shown to be at risk of malignant trans- 
formation.’ The fact that no case of HCA with both B-catenin 
and biallelic inactivation of HNF10 was identified suggests that 
these two signaling pathways are mutually exclusive. 

A third type of HCA (40% of all cases) is characterized by 
the increased expression of members of the acute-phase inflam- 
matory response such as serum amyloid A (SAA) protein, 
C-reactive protein (CRP),* and the interleukin 6 (IL-6) signaling 
pathway.''' The fact that most of the inflammatory HCAs harbor 
small in-frame deletions that target the bridging site of glycopro- 
tein 130 for IL-6 likely accounts for the activation of the acute 
phase inflammatory signals observed in tumor hepatocytes.''! 
Included in the group of HCAs with no mutations is a small set 
of tumors (10% of all cases) lacking serum and histologic features 
of inflammation (see Table 49-5). Thus HCA can be divided in 
four subtypes. 


Pathology 


HCAs are soft, yellow lesions often with a highly vascularized 
surface and a capsule, and focal areas of hemorrhage in the paren- 
chyma. The histologic features are sheets of hepatocytes two or 
more cells thick without cellular atypia (to differentiate them from 
adenocarcinoma), portal tracts (to differentiate them from liver 
cell regeneration), and biliary ductules and fibrosis (to differenti- 
ate them from FNH; Fig. 49-7). According to the typical histo- 
logic features, HCAs are classified as steatotic HCAs (overlapping 


with the HNF1lo mutation subgroup of the molecular classifi- 
cation), telangiectatic HCAs (overlapping with the inflamma- 
tory subgroup of the molecular classification), and unclassified 
HCAs.''*'? Steatotic HCA is characterized by prominent ste- 
atosis (> 60%) without other specific features. Telangiectatic 
HCA is characterized by the presence of portal tract remnants 
associated with vascular changes and/or inflammatory infiltrates. 
When no specific histologic features are present, HCAs are con- 
sidered unclassified. Foci of malignant transformation have been 
described that may escape detection in small specimens obtained 
with a thin-needle liver biopsy. 


Clinical Features 


HCAs are usually solitary. Approximately 30% of the patients 
have multiple nodules, and the presence of 10 or more adenomas 
defines liver adenomatosis,''* where the somatic HNF1o muta- 
tions are frequently found.” Approximately half of the cases of 
adenomas have been discovered incidentally, whereas in the 
remaining cases there have been symptoms such as pain or 
abdominal mass (Table 49-6). Ten patients (26%) with liver ade- 
nomatosis were reported as becoming symptomatic because of 
intraperitoneal bleeding, and nine of these patients were taking 
oral contraceptives.''* Patients with HCA have a higher prevalence 


Clinical Findings Leading to Diagnosis 
Sa of Hepatocellular Adenoma 


Incidental 12 (27%) 2 (20%) 10 (30%) 

Abdominal 19 (43%) 8 (80%) 10 (30%) 
pain 

Elevated 3 (7%) 4 (40%) 0 
GGT level 

Bleeding 6 (13%) NA 12 (36%) 


GGT, y-Glutamy| transpeptidase; NA, not applicable. 


arteries not accompanied by veins: A, hematoxylin-eosin, x5; B, hematoxylin-eosin, x100. 


of symptoms at first presentation compared with patients with a 
hemangioma or FNH, probably due to the high rate of intratu- 
moral or intraabdominal hemorrhage.””''° The risk of hemorrhage 
appears to relate not to the number of HCAs but to the pathologic 
characteristics, with a lower risk in patients with steatotic HCA. 
The diagnosis of liver adenomatosis is made because of complica- 
tions of adenomas such as intraperitoneal bleeding, intratumoral 
hemorrhage, or necrosis producing acute pain, because of hepa- 
tomegaly with or without symptoms, or as an incidental finding. 
Whereas the massive form of liver adenomatosis is rare and can 
be unilobular, most patients have multifocal liver adenomatosis 
spread in both lobes.''* Telangiectatic HCA is a clinical variant of 
inflammatory HCA, frequently associated with use of oral con- 
traceptives, hormonal therapy, and obesity, and the presence of 
other benign focal lesions of the liver. These HCAs are considered 
at high risk of bleeding and neoplastic transformation. 


Diagnosis 


Laboratory tests are not helpful during the diagnostic workup. 
However, negative test findings for serum AFP and hepatitis B 
and C corroborate the exclusion of malignant disease. Percutane- 
ous liver biopsy has been considered of little value because of the 
possible lack of specific features in a small specimen, and the 
procedure carries the risk of needle-induced bleeding in hypervas- 
cular nodes. However, recent data raised the possibility of using 
liver biopsies for the identification of the various HCA subtypes. 
In liver adenomatosis, a twofold or threefold increase of alkaline 
phosphatase or GGT levels has been described.''* In particular, 
inflammatory HCAs are more often associated with an increased 
level of GGT and this occurs more frequently in overweight 
patients.” Diagnosis of liver adenomatosis is better achieved by 
exploration of the liver by laparoscopy or laparotomy, allowing 
the operator to obtain biopsy specimens of several different lesions 
without the risk of hemorrhage." 


Imaging Findings 


Ultrasonography and Contrast-Enhanced 
Ultrasonography 

HCA has variable sonographic appearances. The lesion may 
appear as slightly hypoechoic, isoechoic, or hyperechoic. When 
necrotic or hemorrhagic changes occur, adenoma appears as a 
complex mass with large cystic components. On color or power 
Doppler ultrasonography, the arterial hypervascularity is well 
demonstrated by arterial vessels running along the border of the 
lesion in a basket pattern.''®''’ On contrast-enhanced ultrasonog- 
raphy, adenoma shows intense enhancement during the arterial 
phase. During the portal venous and equilibrium phases, adeno- 
mas may appear as an isoechoic or slightly hyperechoic mass.'”° 
None of these features, unfortunately, is specific enough for the 
diagnosis. 


Computed Tomography 

Baseline computed tomography (CT) scans can easily detect the 
presence of fat or recent hemorrhage within the lesion, features 
that can suggest the diagnosis of adenoma. During dynamic 
contrast-enhanced CT scanning, noncomplicated adenomas may 
be enhanced rapidly and appear homogeneously hyperdense com- 
pared with the liver. The enhancement usually does not persist in 
adenomas because of arteriovenous shunting within the lesion. 
Larger or complicated adenomas may be highly heterogeneous 
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because of necrotic phenomena or intralesional hemorrhage 


(Fig. 49-8). 


Magnetic Resonance Imaging 


MRI is considered the most comprehensive and most noninvasive 
imaging technique for evaluating HCA. 1! MRI findings 
include fatty, necrotic, and hemorrhagic components, but a 
homogeneous hypervascular appearance may also be observed. 
These characteristics overlap with those of other hypervascular 
hepatic tumors. Laumonier et al. demonstrated a correlation 
between specific MRI features and the two most frequently identi- 
fied subtypes of HCA (i.e., HNF10--inactivated HCA and inflam- 
matory HCA). That study shows that HNF10-inactivated HCA 
can be confidently recognized on MRI if a homogeneous fat 
distribution is observed, due to the known marked steatosis 
typical of this subgroup of HCA associated with the activation of 
lipogenesis. 

Inflammatory HCA cases also displayed specific MRI features: 
markedly hyperintense signal on T2-weighted images and strong 
arterial enhancement which persists in the delayed phases. The 
combination of these features was found to be sensitive (85%) 
and specific (88%) for the radiologic diagnosis of inflammatory 
HCA in this population of 50 HCAs. 

Finally, the only two cases of HCA with B-catenin activation 
displayed strong arterial enhancement with marked washout in 
the portal venous phase, which is the typical pattern of HCC. 
These findings were confirmed by an investigation where inter- 
reader agreement of gadoxetic acid—enhanced MRI scans was 
assessed by use of the K statistic with the 95% confidence interval 
(CI). The area under the curve for the diagnosis of inflammatory 
HCA was 0.79 (95% CI, 0.64-0.90), for the steatotic type it was 
0.90 (95% CI, 0.77-0.97), and for the B-catenin type it was 0.87 
(95% CI, 0.74-0.95). There were no imaging features that showed 
a significant statistical correlation for the diagnosis of unclassified 
HCAs." Of importance, accurate evaluation of MR features in 
the liver-specific phase, including an analysis of the lesion-to-liver 
contrast enhancement ratio, may allow differentiation of HCA 
from FNH.'” 


Treatment 


‘The treatment of patients with adenoma is evolving. In principle, 
patients should be treated not according to the number of HCAs 
but according to the risk of complications that are related to 
the subtype and the size of the HCA.’ For patients using oral 
contraceptives with an incidentally discovered, smaller than 5 cm 
adenoma, the best option is treatment withdrawal and close moni- 
toring with sequential ultrasound examinations of the abdomen. 
Whereas in patients with adenoma regression surgical treatment 
or locoregional ablation may be avoided or delayed, those with 
larger, symptomatic adenomas that are unresponsive to contra- 
ceptive withdrawal should be considered for surgical treatment. 
Any nodule of 5 cm or larger should be removed to avoid the 
risk of hemorrhage (frequent) and HCC (rare).” In a retrospec- 
tive analysis of 122 patients with single and multiple HCAs at 
Beaujon Hospital in Clichy, patients with HCAs larger than 5 cm, 
telangiectatic or unclassified subtypes, and who were men were at 
an increased risk of complications, and were therefore identified as 
candidates for hepatic resection.''* Tumor ablation should also be 
considered for patients who for medical reasons cannot stop using 
oral contraceptives or for those who plan to become pregnant.” 
In any discovered HCA in a pregnant woman, a close follow-up 
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e Fig. 49-8 Hepatocellular adenoma, computed tomography (CT). A, The baseline CT scan shows a 
large, heterogeneous mass in left liver lobe. B, In the arterial phase of the contrast-enhanced CT study, 
rapid, inhomogeneous enhancement of the lesion is detected. C, In the portal venous phase, the lesion 
shows heterogeneous features, with hypoattenuating and hyperattenuating areas. D, A resected speci- 
men shows hepatocellular adenoma with intralesional hemorrhage and necrosis. 


with frequent ultrasonography seems reasonable. Treatment of 
patients with ruptured adenoma requires stabilization with selec- 
tive arterial embolization before resection.” The management of 
liver adenomatosis is problematic. The unilobular, massive form 
can be treated with hepatic resection. For patients with liver ade- 
nomatosis, surgical resection of the largest or of the complicated 
adenomas is an option. Because it often is impossible to resect all 
tumors in patients with multiple HCAs, liver transplant has been 
proposed, especially in patients with more than 10 HCAs. 


Natural History (Clinical Features) 


Bleeding and neoplastic transformation are worrisome complica- 
tions of HCA (Table 49-7). The risk of bleeding is tumor size 
dependent, and a size cutoff of 5 cm separates tumors with low 
tisk of bleeding from tumors with high risk of bleeding.” The 
potential of adenomas to increase in size is not well established 
for women taking oral contraceptives, whereas regression of the 
lesion has been documented on cessation of oral contraceptive 
use.” The potential of HCA to progress to cancer in B-catenin- 
mutated HCA is certainly a strong argument for removing it. In 
a systematic review of 157 studies published from 1970 to 2009, 
the natural history of 1617 patients with an HCA was revisited: 
32 % of the patients experienced one or more episodes of bleed- 
ing, 4.5% of the patients had focal malignancy detected at resec- 
tion, and 4.2% underwent neoplastic transformation during 
follow-up.'”’ It should be remembered that HCA may increase in 
size during pregnancy, yet pregnancy is not contraindicated in 
patients with an HCA smaller than 5 cm.’ 


WAS Hepatocellular Adenoma: A Systematic Review 
GEWAN of 157 Studies Published From 1970 to 2009 


Number of adenoma nodules 1617 

Female sex 1075 (90%) 
OC use 787 (71%) 
Underwent HCC transformation 68 (4.2%) 
Focal malignancy in 1462 resected adenomas 66 (4.5%) 
Bleeding 400 (32%) 


HCC, Hepatocellular carcinoma; OC, oral contraceptive. 


Nodular Regenerative Hyperplasia 


NRH of the liver is a condition in which nodules of proliferating 
hepatocytes develop in a liver with a preserved architecture 
without fibrous septa. The lesion is commonly seen at the hepatic 
hilum or around a large portal tract and may be associated with 
features of portal hypertension and subclinical cholestasis.'”’ 


Epidemiology 


NRH occurs in both males and females. Two autopsy series of 
approximately 3000 patients demonstrated NRH in approxi- 
mately 2.1% to 2.6% of patients,” without sex disparity. The 
disease affects patients predominantly older than 60 years and 


patients with portal hypertension or portal vein thrombosis.’ 
However, the disease has been reported in children as young as 7 
months, as well as in young adults. A number of conditions seem 
to be associated with NRH, including immunological and hema- 
tologic disorders, cardiac and pulmonary disorders, and neopla- 
sias, as well as several drugs and toxins and organ transplant. >! 

In a case-control study, a strong association between the occur- 
rence of NRH and the use of antiviral therapies such as didanosine 
was subsequently confirmed by a number of case reports. °! 

In one such study, 12 of 2600 persons with HIV infection were 
found to have noncirrhotic portal hypertension, '** and NRH was 
a common histologic diagnosis. More recently, the results of 
another analysis suggested that patients with NRH had a longer 
exposure not only to didanosine but also to stavudine, tenofovir, 
and a combination of didanosine and stavudine and didanosine 
and tenofovir.'“* 


Pathogenesis 


The pathogenesis of NRH is still unknown. Two theories have 
been proposed to explain the pathogenesis of this disease. The 
basic pathologic lesion leading to NRH may be obliteration or 
thrombosis of the portal vein system causing ischemic atrophy in 
the central zones of the hepatic acinus, “® the centrolobular 
atrophy being compensated by proliferation of liver cells from 
periportal areas which form regenerative nodules. This sequence 
of events is accounted for by several portal venous abnormalities, 
such as venous thrombi and phlebosclerosis,'*”'”’ leading to the 
onset of nodules that are separated by atrophic areas with little to 
no fibrosis.“ NRH could also be a generalized proliferative disor- 
der of the liver with the potential to progress to HCC," an 
interpretation that is corroborated by the frequent occurrence of 
liver cell dysplasia in NRH. 


Pathology 


NRH has been defined as a secondary and nonspecific tissue 
adaptation to heterogeneous distribution of blood flow, occurring 
as part of a spectrum of architectural changes known as nodular 
transformation.'*’ Nodular transformation is recognized by regions 
of atrophy of liver tissue juxtaposed to normal or hyperplastic 
areas with a curved contour and no interviewing fibrous septa. 
Diffuse nodular hyperplasia may also be associated with fibrous 
septa or may be superimposed on a previously cirrhotic liver.' 

Macroscopically, the liver is normal in size and shows nodules 
of 1 mm to 10 mm in diameter that are centered on a larger portal 
tract and may mimic micronodular cirrhosis. Partial nodular 
transformation of the liver is no longer used to define NRH that 
forms confluent masses in association with high-grade obstruction 
of the medium-sized or larger portal veins. Microscopically, the 
nodes show liver cell plates that are one or two cells wide whereas 
the sinusoids are narrow. In the intranodular regions the cell plates 
are one-cell thick, hepatocytes may be atrophic, and sinusoids are 
usually dilated. NRH differs from a multiacinar regenerative 
nodule which contains more than one portal tract located in a 
cirrhotic liver or with severe disease of portal veins, hepatic veins, 
or sinusoids.’ 


Clinical Features 


The clinical presentation of NRH is heterogeneous and may range 
from asymptomatic to end-stage liver disease. Symptomatic cases 
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are rare and most often present with features of portal hyperten- 
sion, such as ascites, splenomegaly, hepatomegaly, and esophageal 
varices.'**'**'*” Hepatomegaly and splenomegaly occur in less 
than half of patients with NRH.'** NRH is often an incidental 
finding in patients presenting with features of hepatic disease or 
lymphoproliferative disorders. In patients with a clinical history 
of vasculitis, hepatic artery fibrosis is found. Portal hypertension 
is present in half of patients with NRH but only in a minority of 
the patients as a presenting feature.'*’ Life-threatening bleeds and 
death are uncommon. In a few patients liver failure requiring liver 
transplant was the presenting feature. '“* 


Diagnosis 


The typical presentation of NRH is bleeding from esophageal 
varices due to portal hypertension. However, most patients with 
NRH have no specific signs or symptoms related to their hepatic 
disease. Liver function test findings are normal in most patients. 
Alkaline phosphatase level is elevated to more than 1.5 times the 
upper limit of normal in one third of patients.’ 

‘The lesions are routinely too small to be identified radiographi- 
cally and, when visualized, too difficult to distinguish from the 
regenerating nodules of cirrhosis. A liver biopsy may allow diag- 
nosis of NRH. However, because NRH, incomplete cirrhosis, and 
complete cirrhosis may occur in different regions of the same liver, 
large quantities of liver tissue have to be examined for complete 
diagnosis.” Three histologic criteria help to distinguish NRH 
from cirrhosis: nodules of regenerative hepatocytes separated by 
atrophic parenchyma, absence of fibrous septa between nodules, 
and curvilinear compression of the central lobule.“ °! Portal 
pressure deterioration is an additional key to the diagnosis of 
NRH. The procedure of transjugular liver biopsy allows both 
histopathologic diagnosis and hepatic venography and hepatic 
vein pressure measurement to be performed in parallel, allowing 
differential diagnosis of NRH with Budd-Chiari syndrome. 


Imaging Findings 


Sonography may show multiple isoechoic or hyperechoic nodules. 
They may become hypoechoic or anechoic as the result of intra- 
tumoral hemorrhage.” Findings on color or power Doppler 
ultrasonography include the presence of intratumoral vessels and 
sometimes the presence of a central feeding artery. On baseline 
CT, the lesions are usually isodense compared with the liver. 
Subcapsular lesions may distort the surface of the liver. During 
the dynamic study, both hypervascular lesions and nodules with 
the same attenuation of the normal parenchyma are visible.'”’ The 
lesions are frequently isointense compared with normal liver on 
T1- and T2-weighted images. However, some nodules may show 
high signal intensity on T1-weighted images, probably correlated 
to copper deposits (Fig. 49-9).'°°1°*'° Following the administra- 
tion of hepatobiliary contrast agents, nodules become hyperin- 
tense compared with the liver as they contain normal hepatocytes 
and a dysfunctional biliary system. Because of the Kupffer cell 
population, nodules take up iron oxide particles, and show signal 
intensity decrease on T2-weighted images like the normal paren- 
chyma.'” Unfortunately, the imaging findings of NRH are non- 
specific. The diffuse nature of involvement, the associated portal 
hypertension, and the clinical history are all features that may 
allow the characterization of this entity. 
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e Fig. 49-9 Nodular regenerative hyperplasia, computed tomography (CT) and magnetic resonance 
imaging (MRI). A, CT shows inhomogeneous liver, with subtle hypoattenuating nodules. B, On the 
T2-weighted MRI, no focal abnormality is detected. C, On the T1-weighted image, multiple small hyper- 
intense nodules are detected throughout the liver parenchyma. 


Associated Conditions 


NRH is associated with lymphoproliferative, rheumatologic, 
vascular, and storage disease. The condition has been seen in 
patients receiving anabolic steroids, chemotherapeutic agents, 
and azathioprine.” 


Disease Complications 


Portal hypertension with symptoms of variceal bleeding and 
ascites may develop in 5% to 13% of patients." Compression of 
the intrahepatic portal radicles by the regenerating nodules and 
thrombosis of the portal vein/venules are likely pathogenetic 
mechanisms. Hepatic failure rarely occurs. 


Treatment 


In most patients NRH is a slowly evolving, asymptomatic condi- 
tion requiring no treatment. In the cases associated with other 
underlying disease processes, treatment requires the determina- 
tion and management of the underlying disease. The few patients 
with symptomatic portal hypertension presenting with variceal 
bleeding have been treated with B-blocker prophylaxis or recur- 
rent endoscopic treatment or portocaval shunt.'’ Ascites was 
routinely treated with pharmacologic therapy. Three patients 


presenting with progressive liver failure from NRH underwent 
orthotopic liver transplant, and in at least one of these patients 
NRH recurred after transplant.'“* 


Prognosis and Natural History 


NRH tends to run an indolent course. The few patients develop- 
ing clinical decompensation will have a slow progression toward 
end-stage liver disease. A rare complication reported in the litera- 
ture is disease exacerbation in patients receiving chemotherapy for 
associated myeloproliferative disease or hemoperitoneum due to 
rupture of a regenerative nodule.'” 


Conclusion 


Benign liver tumors are usually identified by imaging assays and 
in only a few instances require treatment. Single or multiple 
imaging methods may be used to accomplish acceptable diagnos- 
tic specificity (Fig. 49-10). Lesions failing to fulfill specific 
diagnostic criteria by radiologic imaging require either biopsy 
or surgical resection. With suspected cavernous hemangioma, 
asymptomatic tumors require surveillance with sequential 
imaging, and if they are stable no further testing is required. 
Conversely, treatment may be considered for patients with a 
symptomatic hemangioma or a typical hemangioma that is larger 
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Approach to FLLs 
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¢ Fig. 49-10 American College of Gastroenterology clinical guidelines for the diagnosis and manage- 
ment of focal liver lesions (FLLs). CCA, Cholangiocarcinoma; CT, computed tomography; FNH, focal 
nodular hyperplasia; HCA, hepatocellular adenoma; HCC, hepatocellular carcinoma; H/O, history of; 


MRI, magnetic resonance imaging. 


than 15 cm in diameter. Patients presenting with an atypical 
hemangioma require enhanced follow-up or biopsy. If the tumor 
enlarges, resection should be considered. Patients with FNH 
require follow-up with imaging assays whenever typical imaging 
of FNH is obtained with demonstration of a central scar by CT 
scan, MRI, or uptake of *™Tc sulfur colloid scintigraphy. Biopsy 
or resection is advocated in patients with expanding large masses 
or those presenting with atypical features. For masses with typical 


features of HCA, surgical resection or ablation is often advised 
because of concern for bleeding and progression to HCC. Biopsy 
is also required to distinguish NRH from cirrhosis, which in most 
patients requires no treatment. 
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ABBREVIATIONS 


BMI body mass index 

CAD coronary artery disease 

HBV hepatitis B virus 

HCC hepatocellular carcinoma 

HCV hepatitis C virus 

HIV human immunodeficiency virus 
LRT locoregional therapy 

LT liver transplantation 

MELD Model for End-Stage Liver Disease 
NASH nonalcoholic steatohepatitis 
PBC primary biliary cholangitis 

PELD pediatric end-stage liver disease 
PSC primary sclerosing cholangitis 
SLK simultaneous liver and kidney 
TACE transarterial chemoembolization 
TARE transarterial radioembolization 


Introduction 


Liver transplantation (LT) has revolutionized the care of patients 
with end-stage liver disease. Since the first successful human liver 
transplant performed in 1967 by Thomas Starzl at the University 
of Colorado, advances in surgical technique, immunosuppression, 
and patient selection have made the procedure a standard life- 
saving treatment for patients with decompensated acute and 
chronic liver diseases. In the United States, LT resulted in more 
than 400,000 life-years saved from 1987 to 2012." Liver trans- 
plantation is available in most regions of the world, generally with 
excellent patient and graft survival. U.S. national graft survival 
rates as of 2013 at 1 year, 3 years, and 5 years after LT are doughy 
85%, 75%, and 68% respectively’ (Tables 50-1 and 50-2). 
Ubiquitous application of LT is limited by the scarcity of ae 
donor liver grafts. Despite efforts to expand the donor pool and 
improve systems to triage liver grafts, death rates of panais while 
they are waiting for liver transplant remain high.” | shows 
the waiting list outcome for U.S. liver transplant odie after 
30 days, 60 days, and 90 days. Of the more than 15,000 patients 
on the waiting list in the United States in 2013, there were 5763 
liver transplants and 1767 deaths, with 1223 patients reported as 
too sick for transplant.” For patients with end-stage liver disease, 
the stakes are high, and their healthcare providers’ familiarity with 
the appropriate pretransplant evaluation and management is of 
utmost importance. 


Pretransplant Evaluation 


Appropriate evaluation of a patient for LT begins with recognition 
of a need for the procedure and a timely referral to a transplant 
center (Figs. 50-2 and 50-3). For many patients the urgency of 
referral may go unrecognized by their providers (see “ ig of 
Referral for Evz ”). Once a patient has been referred, most 
transplant centers share a multidisciplinary approach that includes 
a detailed history and examination by a transplant hepatologist and 
transplant surgeon, and assessments by a mental health provider, 
a social worker, a transplant coordinator, a financial counselor, 
and other specialists such as pharmacists and nutritionists. Many 
centers offer patients and their support members counseling, edu- 
cational sessions, and the opportunity to meet with prior organ 
transplant recipients to enhance their knowledge and reduce stress 
related to the process. A large evaluation process, including labora- 
tory, imaging, cardiovascular, and pulmonary tests, is performed 
to confirm the cause and severity of liver disease, estimate renal 
function, determine the blood group, evaluate the patient’s expo- 
sure and immunity to prior infections, screen the patient for and 
assess the degree of comorbid medical conditions, and assess the 
technical feasibility of transplant surgery (Table 50-3). Addition- 
ally, patients undergo specific screening for concurrent medical 
conditions that may warrant appeal for exceptional priority for LT, 
such as hepatocellular carcinoma (HCC) and hepatopulmonary 
syndrome (Table 50-4). The details of prior therapies for liver 
disease are collected, especially for patients with hepatitis C virus 
(HCV), hepatitis B virus (HBV), or human immunodeficiency 
virus (HIV) infection, whose prior treatments may direct future 
treatment choices. Age and sex-specific preventive healthcare, 
dental care, and cancer screening are generally required. Patients 
should be committed to a healthy lifestyle, including cessation 
of the use of tobacco products given the link between tobacco 
smoking and cardiovascular death,’ hepatic artery thrombosis,’ 
and de novo cancers” in posttransplant patients. On the basis of 
the initial evaluation, targeted specialist consultation is requested 
as needed to evaluate and potentially intervene to mitigate the 
perioperative and postoperative surgical risk or to further assess 
medical comorbid conditions. For patients with severe renal insuf- 
ficiency or failure, the assessment includes whether or not simulta- 
neous liver and kidney (SLK) transplantation may be indicated.’* 
The initial reason for initiating liver transplant evaluation is the 
severity of liver complications. Other, also fundamental, consider- 
ations for transplant candidacy include the following’: 
1. Are significant comorbid conditions present that could limit 
successful LT with unacceptably high perioperative risk? 
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WA Unadjusted Patient Survival for 
Sail ~Deceased-Donor Liver Transplantation 
in the United States 


wAN=j8=) Unadjusted Graft Survival for Deceased-Donor 
a Liver Transplantation in the United States 


All diseases 92 86 70 56 
pulses x ee 61 Noncholestatic liver disease/ 92 86 69 53 
Noncholestatic liver disease/ 95 89 73 58 cirrhosis 
Guiness Cholestatic liver disease/ 92 88 76 63 
Cholestatic liver disease/ 95 92 83 72 cirrhosis 
GUase Acute hepatic necrosis 90 85 71 58 
Acute hepatic necrosis 92 89 77 64 Biliary atresia 91 88 31 76 
Pilia atresia 2 Sa W 86 Metabolic diseases 93 8 78 71 
Metabolic diseases 95 93 84 78 Malignant neoplasm 94 37 65 52 
Malignant neoplasm 96 90 68 55 Other diseases 88 83 66 56 
Other diseases 95 93 76 67 


Based on data in the Organ Procurement and Transplant Network/Scientific Registry of 


Based on data in the Organ Procurement and Transplant Network/Scientific Registry of Transplant Recipients as of December 4, 2012. Values rounded to nearest integer, range of 


Transplant Recipients as of December 4, 2012. Values rounded to nearest integer, range of cde goe reported, 0.3% to 1.7%. Multiorgan transplants are excluded. 

standard errors reported, 0.2% to 1.6%. Multiorgan transplants are excluded. i 1,142 patients during the years 2009-2010. 

*10,394 patients during the years 2009 to 2010. ee US Oe 20052010. 

+31,290 patients during the years 2005 to 2010. 97,859 patients during the years 2000-2010: 
453,132 patients during the years 2000 to 2010. From Scientific Registry of Transplant Recipients. Table 9.10a - unadj. graft survival, 


deceased donor liver transplants.Available at: http://www.srtr.org/annual_reports/201 1/910a_ 


From Scientific Registry of Transplant Recipients. Table 9.14a - unadj. patient survival, ; 
rec-dgn_li.aspx. Accessed 31 May 2015. 


deceased donor liver transplants. Available at: http://www.srtr.org/annual_reports/2011/ 
914a_rec-dgn_li.aspx. Accessed 31 May 2015. 
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e Fig. 50-1 U.S. liver transplant waiting list candidate events within 30 days, 60 days, and 90 days after 
the snapshot (January 1, 2007) by Model for End-Stage Liver Disease (MELD) score, exceptional priority 
for stage 2 hepatocellular carcinoma (HCC T2), and other exceptional diagnosis (Other Exc). (Data from 
Berg CL, Steffick DE, Edwards EB, et al. Liver and intestine transplantation in the United States 1998- 
2007. Am J Transplant 2009;9[4 Pt 2]:907-931.) 


2. Are there significant psychosocial problems, including sub- Timing or Rerama ior Evaluation 


stance abuse issues, that need to be addressed before LT and/ Patients with decompensated liver disease, regardless of the cause, 
or that could limit successful transplantation and adherence to should be considered as potential candidates for LT. Assessing 
a long-term complicated medical regimen? the urgency of a referral includes the evaluation of (1) whether 
3. Is there an opportunity to intervene upon medical comorbidi- liver disease is acute or chronic, (2) the severity of complica- 
ties or psychosocial concerns that could result in improved tions of cirrhosis that increase the death risk (e.g., ascites, portal 


waiting list and posttransplant outcomes? hypertensive bleeding, hepatic encephalopathy, hyponatremia, 


Assess Urgency 


e Acute liver failure 

e Portal hypertensive complications 
e High MELD score 

e Primary hepatic malignancy 


Assess Comorbid Illness and 
Indications for Exception Priority 


e Dobutamine stress ECHO if 
patient has risk factors for coronary 
artery disease 

e Cardiac catheterization for selected 
cases 

e Pulmonary function tests 

e Room air Pao2 


e History/physical exam 

e Cross-sectional abdominal 
imaging 

e Echocardiogram with 
bubble study 


Denied for Medical, Anatomic, or 
Psychosocial Reasons 
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CHAPTER 50 Pretransplant Evaluation and Care 


Initial Referral 


Assess Contraindications to 
Transplantation 


e Untreated systemic infection 

e Metastatic or nonhepatic primary 
malignancy 

e Unstable cardiopulmonary 
condition despite treatment 


Liver Transplantation 
Evaluation 


Psychosocial Evaluation 


e Addiction assessment and management 
e Evaluation of support system 
e Psychiatric evaluation in selected cases 


Accepted and Listed on the Liver 
Transplant List 


e Medical and psychosocial management 

e Periodic radiologic imaging of liver for HCC 
or metastases 

e Periodic ECHO for pulmonary hypertension 


e Fig. 50-2 Comprehensive liver transplant evaluation algorithm. ECHO, Echocardiography; HCC, 
hepatocellular carcinoma; MELD, Model for End-Stage Liver Disease. 
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New waitlist registrations 
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e Fig. 50-3 Annual trends in new liver transplant waiting list registra- 
tions. (Data from Wong RJ, Aguilar M, Cheung R, et al. Nonalcoholic 
steatohepatitis is the second leading etiology of liver disease among adults 
awaiting liver transplantation in the United States. Gastroenterology 2015; 
148[3]:547-555.) 


hepatorenal syndrome, and elevated Model for End-Stage Liver 
Disease [MELD] score), (3) the availability of local expertise to 
manage liver complications, and 4) the proximity of a transplant 
center. Several clinical tools exist to assist in assessment of the 
degree of liver disease, both acute and chronic!’ (Tables 50-5 and 
50-6). Nearly all transplant centers will provide triage assistance 
and emergent management advice at any time of day. A bias 
toward early referral is generally encouraged. 

When severe acute liver injury or acute liver failure occurs, 
urgent contact with a liver transplant center is indicated. Patients 
with evidence of severe acute liver injury and signs of hepatocel- 
lular insufficiency (encephalopathy and/or coagulopathy with an 
international normalized ratio >1.5 is an ominous sign) should be 
admitted to the hospital and monitored closely for further deterio- 
ration. Acute liver failure is defined as an international normalized 
ratio of 1.5 or greater and any degree of encephalopathy without 
preexisting cirrhosis (excepting hepatitis B, Wilson disease, and 
autoimmune hepatitis) and with an overall illness duration of less 
than 26 weeks. Given a high risk of rapid decompensation, trans- 
fer to a liver transplant center should be considered early provided 
there are no obvious contraindications to LT or safe transporta- 
tion of the patient. Frequent assessment of the patient in the 
peritransfer period is imperative, with attention to the patient’s 
neurologic status and ability to protect his or her airway before, 
during, and after transfer. Providers should have a low threshold 
for intensive care—level monitoring and endotracheal intubation, 


TABLE x ; . 
Pretransplant Evaluation for Liver Transplantation 


Standard Blood Tests Financial (insurance clearance must be obtained) 

Complete blood count, liver chemistry, kidney profile, coagulation profile Overall assessment of patient (clinical judgment in addition to biochemical 
(PT, PTT) parameters) 

ANA, smooth muscle antibody, AMA Other Optional Tests 


Iron studies, ceruloplasmin, o,-antitrypsin phenotype 
CMV, EBV, HSV, VZV, HIV; syphilis; toxoplasmosis 

HAV, HDV serologic tests 

at-Fetoprotein 


CT or MRI (to exclude HCC); angiography if needed to exclude vascular 
abnormalities 

Carotid duplex scanning (for older or cardiovascular disease patients) 

Contrast echocardiography (for suspected hepatopulmonary syndrome) 


Other Standard Tests Cardiac catheterization (for suspected CAD) 
Abdominal ultrasonography with Doppler imaging, electrocardiogram, chest aay (history of IBD, PSC, polyps, family history of colon cancer), 
X-ray, pulmonary function tests, endoscopic evaluations ERCP (in PSC 
PPD skin tests AUP (R FEG 
Liver biopsy 
Standard Consultations Fungal serologic tests (in areas endemic for dimorphic fungi) 
Dietary Other Optional Measures 
Fsychosocial Pretransplant vaccines, if needed (hepatitis A and B | 
Women’s health (Papanicolaou test, mammogram in women older than Fevans plat, vaccines, ii neege (hepatitis A and B, pneumococcal 
35 yr) vaccines, influenza vaccine, tetanus booster) 


AMA, Antimitochondrial antibody; ANA, antinuclear antibody; CAD, coronary artery disease; CMV, cytomegalovirus; CT, computed tomography; EBV Epstein-Barr virus; ERCP. endoscopic retrograde 
cholangiopancreatography; FOBT, fecal occult blood test; HAV, hepatitis A virus; HCC, hepatocellular carcinoma; HDV, hepatitis D virus; HIV human immunodeficiency virus; HSV, herpes simplex virus; 
IBD, inflammatory bowel disease; MRI, magnetic resonance imaging; PPD, purified protein derivative; PSC, primary sclerosing cholangitis; PT, prothrombin time; PTT, partial thromboplastin time; 
VZV, varicella-zoster virus. 


wN=j}8= Recognized Diagnosis and Criteria for Standardized Exceptional Priority for Liver Transplantation 
iil in the United States 


Acute liver failure Fulminant hepatic failure with onset of hepatic encephalopathy within 8 wk of first symptoms of liver disease, intensive care unit 
requirement, and one of the following three criteria: (1) ventilator dependence; (2) renal dialysis; or (3) INR >2.0 
Primary nonfunction or hepatic artery thrombosis of transplanted liver graft within 7 days of transplant (less priority for those with 
hepatic artery thrombosis within 14 days of transplant) defined by AST >3000 U/L and one of the following: INR 22.5 or acidosis 
(arterial pH <7.30, venous pH <7.25 or lactate >4mmol/L) 
Wilson disease with acute liver decompensation 


Hepatocellular Contrast-enhanced cross-sectional imaging documenting hepatic lesion(s) with increased contrast enhancement on late hepatic 
carcinoma arterial images with either washout on portal venous/delayed phase imaging, late capsule enhancement, 50% growth in 6 mo or 
less, or biopsy evidence. A single tumor must be >2 cm in the largest diameter but not exceeding 5 cm. For multiple lesions, no 
more than three lesions, with the largest not exceeding 3 cm 
Extrahepatic spread must be ruled out with contrasted cross-sectional imaging of the chest, abdomen, and pelvis. Treated lesions 
can be included if they met the above criteria before treatment 


Cholangiocarcinoma Neoadjuvant therapy protocol approved by the UNOS committee 
Unresectable hilar cholangiocarcioma of <3 cm documented by cross-sectional imaging and malignant-appearing stricture on 
cholangiography and one of the following: carbohydrate antigen 19-9 >100 U/mL or biopsy or cytology results demonstrating 
malignancy or aneuploidy 
Exclude intrahepatic and extraheptic metastases by cross-sectional imaging of chest and abdomen initially and every 3 mo 
Exclude regional hepatic and peritoneal metastases by operative staging after neoadjuvant therapy and before liver transplantation 
Avoid transperitoneal aspiration or biopsy of primary tumor 


Hepatopulmonary Clinical evidence of portal hypertension, evidence of a right to left extracardiac shunt, Pao. <60 mm Hg with the patient breathing 
syndrome room air, and no significant clinical evidence of underlying primary pulmonary disease 

Portopulmonary Prior MPAP >35mm Hg and elevated transpulmonary gradient >12mm Hg; presently controlled with MPAP <35mm Hg and 
hypertension pulmonary vascular resistance <400 dyn sec/em® 

Familial amyloid Documented amyloidosis, echocardiogram with an ejection fraction of >40%, ambulatory status, identification of gene mutation, 
polyneuropathy and biopsy proven amyloid 


Primary hyperoxaluria Documented primary hyperoxaluria, with AGT deficiency proven by liver biopsy, estimated GFR <25 mL/mL for 6 wk or more 


Cystic fibrosis Documented cystic fibrosis, signs of reduced pulmonary function defined by FEV, <40% 


Metabolic diseases Urea cycle disorder or organic acidemia 


AGT, Alanine-glyoxylate aminotransferase; AST, aspartate aminotransferase; FEV,, forced expiratory volume in the first second of expiration; GFR, glomerular filtration rate; /NR, international normalized 
ratio, MPAP, mean pulmonary artery pressure; UNOS, United Network for Organ Sharing. 
From Organ Procurement and Transplant Network. Policies - OPTN. Available at: https://optn.transplant.hrsa.gov/governance/policies/. Accessed 6 June 2015. 


and even mild hepatic encephalopathy should trigger transfer to 
a higher level of care. A broad workup for the degree of illness, 
important comorbid illnesses, and cause should be considered 
(Table 50-7). Once the patient arrives at the transplant center, 
consideration for LT should begin immediately. 


WwN=)8=) Prognostic Scoring Systems in Acute 
ee Liver Failure 


Criteria of King’s College, London’? 
Acetaminophen patients 


pH <7.3 or 
INR >6.5 and serum creatinine >3.4 mg/dL 


Nonacetaminophen patients 


INR >6.5, or any three of the following variables: 
Age <10 yr or >40 yr 
Cause: non-A, non-B hepatitis; halothane hepatitis; idiosyncratic 
drug reaction 
Duration of jaundice before encephalopathy >7 days 
INR >3.5 
Serum bilirubin >17.5 mg/dL 


Criteria of Hospital Paul-Brousse, Villejuif’? 


Hepatic encephalopathy and 

Factor V level 

<20% in a patient younger than 30 yr or 
<30% in a patient 30 yr or older 


INR, International normalized ratio. 


TABLE z ` . E z 
Prognostic Scoring Systems in Chronic Liver Failure 


MELD” 


741 


CHAPTER 50 Pretransplant Evaluation and Care 


In acute liver failure, the interval from jaundice to encepha- 
lopathy is prognostic, with short intervals (<4 weeks) associated 
with a greater risk of brain edema and intracranial hypertension 
but an improved spontaneous survival, whereas longer intervals 
are associated with less brain edema but a lower spontaneous 
survival." The degree of hepatic encephalopathy correlates with 
the risk of cerebral edema, which is rarely seen in patients with 
grade I or grade II encephalopathy, is seen in 25% to 35% of 
patients with grade III encephalopathy, and is seen in 75% of 
patients with grade IV encephalopathy. Although there is evi- 
dence for a role of ammonia in cerebral edema and herniation in 
patients with acute liver failure,” and lactulose may be associated 
with a small increase in transplant-free survival,’ the decision to 
use lactulose in the patient with acute liver failure specifically 
should be made with caution out of concern for gaseous abdomi- 
nal distention causing surgical difficulties during the transplant 
procedure. Furthermore, limited data on ammonia elimination 
through the use of L-ornithine L-aspartate are not compelling for 
reduction of arterial ammonia levels or improvement of survival 
in patients with acute liver failure.’” It is not clear if this lack of 
effect is a failure of L-ornithine L-aspartate therapy and/or evi- 
dence against an ammonia reduction strategy in acute liver failure. 

Acetaminophen toxicity, the most common cause of acute liver 
failure in the United States and Europe, has the greatest spontane- 
ous survival rate, whereas idiosyncratic drug-induced liver injury 
has one of the worst survival rates. Although many prognostic 
scores exist to predict low transplant-free recovery, the King’s 
College criteria and the Clichy criteria are the most used scores 
to identify the need for LT'® (see Table 50-5). Although the King’s 
College criteria provide a high accuracy in predicting death 


MELD score = 9.57(In serum creatinine concentration) + 3.78(In serum bilirubin concentration) + 11.2(In INR) + 6.43 


Child-Turcott-Pugh Score 


Points 1 2 
Total bilirubin (mg/dL) <2.0 2-3 
Albumin (g/dL) 299 2.8-3.5 
INR A 1.7-2.3 
Ascites Absent Mild/moderate 
Encephalopathy Absent Grade l-ll 
ACLF” 
No ACLF, Grade 1 ACLF, 


90-Day Mortality 14% 
No organ failure or single nonkidney failure or 


90-Day Mortality 40.7% 


Single kidney failure or single liver, coagulation, 


3 

29 

<2.8 

SA3 
Severe 
Grade III-IV 


Grade 2 ACLF, 
90-Day Mortality 52.3% 


Failure of two organs 


Grade 3 ACLF, 
90-Day Mortality 79.1% 


Failure of three or more 


single cerebral failure with serum creatinine circulatory, or respiratory failure with serum organs 
<1.5 mg/dL creatinine 1.5-1.9 mg/dL and/or mild to 
moderate hepatic encephalopathy or single 
cerebral failure with serum creatinine 
1.5-1.9 mg/dL 
Clinical Cirrhosis Stage (modified Baveno IV)*' 
Stage 1 Stage 2 Stage 3 Stage 4 Stage 5 
Compensated cirrhosis without Compensated cirrhosis with Bleeding without First nonbleeding Any second decompensating 
varices varices complications decompensation event* event 


*A nonbleeding decompensation event is jaundice, encephalopathy, or ascites. 


ACLF, Acute-on-chronic liver failure; /NR, international normalized ratio, MELD, Model for End-Stage Liver Disease. 
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WA: Biochemical Evaluation to Consider for 
Acute Liver Failure 


Comprehensive metabolic panel 


6-mo history of OTC supplements 


Phosphate and herbals 
Arterial blood gas Tylenol level 
Lactate Urine/serum toxicology screen 


Amylase/lipase 
Complete blood count 
Prothrombin time/INR 
Arterial ammonia 
Serum o:-fetoprotein 
HIV-1 serologic tests 
HIV-2 serologic tests 
Blood type and screen 


Hepatitis A serologic tests 

Hepatitis B serologic tests and DNA 
Hepatitis C serologic tests and RNA 
Hepatitis E serologic tests 

Herpes simplex virus serologic tests 
Varicella-zoster virus serologic tests 
Ceruloplasmin 

Antineutrophil antibody 
Anti-smooth muscle antibody 
Immunoglobulin G levels 

Pregnancy test (females) 

Doppler ultrasonography 

CT/MRI 


CT, Computed tomography, HIV, human immunodeficiency virus; /NR, international normal- 
ized ratio; MRI, magnetic resonance imaging; OTC, over the counter. 


without LT (positive predictive value of 80% to 100%), they are 
less effective in predicting who will recover spontaneously (nega- 
tive predictive value of 23% to 70%).'”'® Therefore, although a 
patient with acute liver failure meeting the King’s College criteria 
will likely require LT, a patient not meeting these criteria does not 
accurately predict a lack of a need for LT, limiting their usefulness 
in optimizing liver transplant decision making. Several other 
prognostic variables and scoring systems have been studied in 
acute liver failure, including the MELD score,” serum actin-free 
Gce-globulin concentration,” serum phosphate concentration,” 
arterial ammonia concentration,” and serum 0t-fetoprotein 
concentration.” 

When chronic liver disease manifests itself as signs of decom- 
pensation, referral for LT should be considered. Such clinical 
signs include the presence of encephalopathy, portal hypertensive 
gastrointestinal bleeding, moderate ascites, spontaneous bacte- 
rial peritonitis, or hepatorenal syndrome, or the development of 
HCC,? each of which is associated with significantly increased 
mortality without LT when compared with compensated cirrhosis. 

Several general and disease-specific prognostic tools exist to 
predict the natural history of chronic liver disease.'” Among these 
models, the Child-Turcotte-Pugh score and the MELD score are 
most commonly used” (see Table 50-6). The MELD score, 
using serum total bilirubin concentration, serum creatinine con- 
centration, and serum international normalized ratio, is an accu- 
rate and objective measure of liver-related mortality and is used 
to prioritize patients for LT. The addition of serum sodium con- 
centration to the MELD score further improves its predictive 
ability” and serum sodium concentration was formally incorpo- 
rated into the U.S. allocation system in 2016.” 

Acute-on-chronic liver failure is an increasingly recognized 
clinical scenario wherein a relatively well compensated individual 
experiences an new and rapid decompensation. It is defined by 


acute development of ascites, encephalopathy, gastrointestinal 
hemorrhage, and/or bacterial infection in the setting of one or 
more organ/system failures.” Acute-on-chronic liver failure is 
graded by type (i.e., liver, kidney, cerebral, coagulation, circu- 
latory, and respiratory) and number of organ failures, and is 
positively correlated with mortality” (see Table 50-6). When 
acute-on-chronic liver failure is assessed at 3 days to 7 days after 
presentation, the acute-on-chronic liver failure score may be 
useful for determining the urgency of LT.” 

Another emerging paradigm is a prognostic clinical cirrhosis 
staging model (modified Baveno IV)” wherein patients are clas- 
sified according to historical occurrence and type of decompensat- 
ing events (see Table 50-6). This cumulative scale quantifies the 
risk of a patient transitioning to a higher stage of cirrhosis and 
mortality. The 5-year risk of transitioning to a higher stage for 
patients with stage 1, 2, 3, and 4 cirrhosis is 35%, 42%, 65%, 
and 78% respectively. The 5-year mortality rate for patients with 
stage 1, 2, 3, 4, and 5 cirrhosis is 1.5%, 10%, 20%, 30%,and 
88% respectively. A similar scale of clinical cirrhosis stage has been 
shown to predict transplant waiting list mortality in patients with 
a low MELD score (S20).**”° 

Guidelines from the American Association for the Study of 
Liver Diseases recommend patients with cirrhosis be referred for 
liver transplant evaluation when the MELD score reaches 15, or 
when the patient develops the first major complication (ascites, 
variceal hemorrhage, encephalopathy, or type I hepatorenal syn- 
drome).’ The pediatric end-stage liver disease (PELD) score 
includes five factors (total bilirubin concentration, albumin con- 
centration, international normalized ratio, age less than 1 year, 
and growth failure) and, like the MELD score, has been shown 
to accurately predict short-term waiting list mortality in pediatric 
patients with chronic liver disease.” Children with chronic liver 
disease are recommended to have a transplant evaluation when 
they show evidence of poor weight gain or growth failure, or 
evidence of infectious or portal hypertensive complications.” 


Exploring Alternatives to Liver Transplantation 


Despite the success of LT as a treatment for acute and chronic liver 
disease, transplant surgery and posttransplant immunosuppres- 
sion are associated with significant morbidity and mortality”; 
therefore feasible alternatives to transplantation should be duly 
considered. The challenge of assessing the risk-benefit ratio of LT 
is most evident in acute liver failure, where the most gravely ill 
patient can, on occasion, have a dramatic and complete recovery 
without LT and avoid lifelong immunosuppression and the associ- 
ated morbidity. Patients with some chronic liver diseases, such as 
severe autoimmune hepatitis, chronic Wilson disease, and HBV 
or HCV cirrhosis, may avoid the need for LT with timely and 
appropriate intervention (steroids, chelation therapy, or antiviral 
agents respectively). However, concurrent pursuit of transplanta- 
tion for critically ill patients with decompensated liver disease 
where the response to therapeutics is uncertain is reasonable. 
Options exist to reduce risks for patients with chronic liver 
disease and delay transplantation. Among them are means of 
reducing portal pressure, and the most commonly used is trans- 
jugular intrahepatic portosystemic shunting, which is frequently 
used to address portal hypertensive bleeding and ascites. Patients 
with difficult-to-control encephalopathy, elevated right-sided heart 
pressures, portal vein thrombosis, and elevated MELD scores are 
often not candidates for transjugular intrahepatic portosystemic 
shunting”; however, the ideal patient is one with a MELD score 


too low for transplantation but with significant risks from variceal 
bleeding or refractory ascites. 

Improvements in treatment options for HCV infection and 
evidence that HCV eradication can result in reductions in fibrosis 
stage” and improvements in clinical outcomes“? have the poten- 
tial to dramatically impact the management of transplant candi- 
dates with HCV infection. The ability to significantly reduce 
posttransplant HCV infection recurrence with as little as 30 days 
of viral negativity in patients receiving antiviral therapy before 
LT“ is prompting the use of antiviral treatment in transplant 
candidates. Whether antiviral therapy is applicable when need for 
LT is otherwise felt unavoidable is less clear. There is a theoretical 
risk of reducing organ availability to a patient who has been cured 
of HCV infection and therefore is not accepting HCV-positive 
donor livers. There is also concern that mild improvements in liver 
function (and MELD score) after the curing of HCV infection in 
patients with advanced liver disease may result in patients being 
too well to be prioritized for transplantation but yet remaining 
with poor quality of life from their liver disease. 


Indications for Liver Transplantation 


Liver transplantation is indicated for acute or chronic liver failure 
of any cause. Indications for LT can be categorized as acute 
liver failure, noncholestatic liver diseases, cholestatic liver dis- 
eases, metabolic disorders, vascular disorders, hepatic malignancy, 
and nonhepatic malignancy. The leading indications for LT in 
the United States and Europe are HCV infection, alcohol liver 
disease, and nonalcoholic steatohepatitis (NASH)*“*“* (Tables 
50-8 and 50-9). 


Acute Liver Failure 


Acute liver failure has a dramatic presentation yet fortunately is 
a relatively uncommon indication for LT, accounting for only 
6% of LTs in the United States and 9% in Europe annually.*“ 
Because of the rapidly evolving clinical course, patients with acute 
liver failure require urgent referral to a transplant center for an 
expedited evaluation. Under most liver graft allocation systems, 
patients meeting the criteria for acute liver failure are given the 
highest priority for available liver grafts. In the case of drug- or 
toxin-induced liver injury, an emergent and thorough psychi- 
atric and social assessment is required for suspected overdose 
or suicide attempt. This is best performed before the onset of 
advanced encephalopathy. Even in the absence of a self-inflicted 
injury, the rapid onset of illness in often previously healthy indi- 
viduals makes it challenging for both patients and their family to 
fully grasp the enormity of the transplant evaluation, transplant 
surgery, and lifelong immunosuppression. Acute liver failure is 
a clinical entity distinct from chronic or acute-on-chronic liver 
failure, especially in the risk of cerebral edema and elevated 
intracranial pressure with resultant hypoxic injury from reduced 
cerebral perfusion pressure, seizures, and catastrophic herniation. 
With the exception of N-acetylcysteine therapy for acetamino- 
phen overdose,” prompt delivery in women with acute fatty liver 
of pregnancy,’ and silibinin therapy for Amanita phalloides poi- 
soning,“ pretransplant management is predominantly support- 
ive. Use of intracranial pressure monitors is controversial, with 
concern for complications“ and variability of utilization across 
US, transplant centers,” and it has not been tied to improved 
outcomes.” Management options for patients with clinical evi- 
dence of or measured elevated intracranial pressure include intra- 
venously administered mannitol,” hypertonic sodium chloride,” 


CHAPTER 50  Pretransplant Evaluation and Care | 76% 


WAJ Liver Disease of Adult Transplant Recipients 
esi in the United States, 1987-2013 


Chronic hepatitis C 26,371 23.5 
Alcoholic liver disease 14,515 12.9 
Hepatocellular carcinoma 13,578 Tal 
Cryptogenic cirrhosis 8,912 7.9 
Primary sclerosing cholangitis 6,870 6.1 
Acute liver failure 6,579 5:9 
Hepatitis C and alcoholic liver disease 5,821 5:2 
Primary biliary cholangitis 5,610 5.0 
Autoimmune cirrhosis 3,640 32 
Metabolic liver disease 3,809 3.4 
Chronic hepatitis B 3,487 Sal 
Nonalcoholic steatohepatitis 3531 Sal 
Chronic hepatitis C and B 610 0.5 
Cholangiocarcinoma 608 0.5 
Other diseases 8,286 74 
Total WIZZ 100 


Adult defined as 18 years or older. 
Data from the Scientific Registry of Transplant Recipients as of May 19, 2015. 


WAS Liver Disease of Pediatric Transplant Recipients 
in the United States, 1987-2013 


Biliary atresia 5,699 40.0 
Acute liver failure 1,694 11.9 
Metabolic liver disease 1,671 Wes 
Hyperalimentation induced 704 4.9 
Hepatoblastoma 471 33 
Autoimmune cirrhosis 350 2.5 
Primary sclerosing cholangitis 285 2.0 
Secondary biliary cirrhosis 237 i7 
Cryptogenic cirrhosis 179 18) 
Other hepatic malignancy 117 0.8 
Hepatocellular carcinoma 93 0.7 
Chronic hepatitis C 92 0.6 
Benign neoplasm 48 0.3 
Other diseases 2597 18.2 
Total 14,237 100 


Pediatric defined as younger than 18 years. 
Data from the Scientific Registry of Transplant Recipients as of May 19, 2015. 
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hyperventilation,’ barbiturates, and hypothermia.” Concerns 
regarding these strategies include transient effect and metabolic/ 
hemodynamic side effects; nevertheless, with the exception of 
hyperventilation, their use is supported by the American Associa- 
tion for the Study of Liver Diseases in selected clinical scenarios.” 


Hepatitis C Virus Infection 
There is a high burden of HCV disease in the United States and 


Europe, and HCV disease is the leading indication for liver trans- 
plant listing in the United States*“*; however, new infection rates 
peaked in the general U.S. population before 1990,” and the rate 
of HCV disease as an indication for LT began dropping after 
2004.“ Whereas the incidence of end-stage liver disease caused 
by HCV as an indication for LT declined between 1999 and 
2006, that for HCC in patients with HCV infection increased 
over the same time period.” Once decompensation occurs, the 
5-year survival rate is less than 50% without transplantation.” 
When HCV viremia is present at the time of transplantation, 
HCV infection of the liver graft is universal and has an accelerated 
natural history compared with that in nontransplant patients. By 
5 years after LT, 10% to 30% of transplant recipients will develop 
recurrent cirrhosis.” Graft and patient survival is reduced in 
HCV-infected recipients compared with non—HCV-infected 
patients.“ 

New antiviral treatment promises to substantially impact the 
burden and clinical history of HCV infection. Achievement of 
cure in a great majority of treated patients and much improved 
tolerability over interferon-based regimens broaden the candidate 
population for new regimens in both the pretransplant and post- 
transplant populations. Recent projections for the U.S. popula- 
tion suggest hepatitis C could become a rare disease by 2036, 
predicated on effective population screening and adequate access 
to the antiviral regimens.® In addition to the burden of unknown 
HCV infection in the population, near-term challenges include 
financial difficulties from the surge in demand for costly new 
HCV treatments." 


Alcoholic Cirrhosis 


Excess alcohol consumption is very common in the United States, 
with nearly 5% of the population meeting the criteria for alcohol 
abuse.“ Alcoholic liver disease is one of the leading causes of cir- 
rhosis in the United States, accounting for 40% of all deaths from 
cirrhosis and 28% of all deaths from liver disease, and is the 
second or third leading indication for LT, and the number of new 
registrants with alcoholic liver disease grew by 45% between 2004 
and 2013.**° Traditionally, transplant programs required alcohol 
abstinence, often an arbitrary 6-month period, to allow stabiliza- 
tion of decompensated cirrhosis that may be able to delay or even 
avert the need for LT®*** and to give the opportunity to address 
dependency. The aim is to minimize the risk of recidivist alcohol 
dependence and abuse that can have a negative effect on graft and 
patient survival”; however, there are insufficient data to support 
any fixed abstinence period for predicting future drinking after 
LT,” and individual program requirements vary. Although the 
incidence of perioperative complications may be increased in 
patients with alcoholic liver disease undergoing transplantation, "| 
survival appears to be similar to that of posttransplant patients 
with nonalcoholic liver diseases.” 

Historically, patients with acute alcoholic hepatitis were 
excluded from transplantation. The debate over the acute alco- 
holic hepatitis population as transplant candidates has recently 
intensified because of the high mortality of patients with acute 


alcoholic hepatitis not responding to standard therapy and inabil- 
ity of these patients to survive abstinence periods of 6 months 
(standard in many programs) before transplantation. Alcoholic 
hepatitis superimposed on liver cirrhosis does not appear to 
adversely affect posttransplant outcome.” Early transplantation 
for highly selected patients with acute alcoholic hepatitis not 
responding to medical therapy was associated with a nearly 50% 
improved survival rate on 2-year follow-up compared with those 
who were initially treated without transplantation in a landmark 
study from France.” Only 10% (26 of 264) of patients with 
alcoholic hepatitis not responding to medical therapy were 
enrolled in that study. Yet in this highly selected cohort, the 
recidivism rate was 12% (3 of 26 patients), with none of the 
alcohol relapsers having graft dysfunction by the end of follow-up. 
Nevertheless, the low ratio of potential candidates to transplant 
recipients in that study underscores the high upfront demand 
likely required to successfully achieve transplantation in acute 
alcoholic hepatitis patients. The other concern for using deceased- 
donor liver grafts for patients with acute alcoholic hepatitis is its 
potential to negatively impact the public’s decision to donate. A 
recent survey study suggests that hesitancy to donate organs to 
patients with alcoholic hepatitis was not as prevalent as the trans- 
plant community might fear, but was still present in roughly 26% 
of those surveyed.” 


Nonalcoholic Steatohepatitis 


The proportion of people with overweight and obesity in the U.S. 
general population is now greater than 30%; consequently, 
NASH is the leading cause of liver disease in the United States.” 
As an indication for LT, NASH increased from 1.2% in 2001 to 
9.7% in 2009, the third highest, behind HCV infection and 
alcoholic liver disease.” It is now the second most common reason 
for waiting list registration.“ Given the association between meta- 
bolic syndrome and NASH, liver transplant candidates with 
NASH are older, have a higher body mass index (BMI), and have 
higher rates of diabetes and hypertension.” Thus detection of 
cardiovascular comorbidities and attention to modifiable risk 
factors is essential in this cohort. Weight loss is encouraged, ideally 
with a supervised diet and exercise program. Bariatric surgery is 
associated with reduction of steatohepatitis and fibrosis” but is 
typically limited in the transplant candidate population owing to 
prohibitive portal hypertension. Conceptually, morbidly obese 
individuals would be expected to have higher short-term and 
long-term mortality, with increased risk of recurrent NASH, car- 
diovascular disease, hypertension, and diabetes. Early studies sug- 
gested poorer short-term and long-term outcomes for recipients 
with BMI greater than 35 kg/m? to 40 ke/m****' but were criti- 
cized for not considering nutrition and ascites in their analyses. 
More recent work suggests no short-term mortality increase.*”*’ 
Results on long-term morbidity and mortality are variable. Con- 
current bariatric surgery and LT has been studied in patients with 
BMI greater than 35 kg/m? who achieved weight loss before LT, 
and was promising in reducing posttransplant weight gain, steato- 
sis in the liver graft, and diabetes, and in improving patient and 
graft survival compared with those who underwent LT alone.” A 
threshold BMI for perioperative and long-term safety of LT is not 
clear, should it exist at all. Although the American Association for 
the Study of Liver Diseases guidelines consider morbid obesity a 
relative contraindication to transplantation,’ practice differs from 
center to center. Regardless, attention to healthy diet and exercise 
both before and after transplantation is likely to improve 
outcomes. 


Hepatitis B Virus Infection 


Worldwide, chronic HBV carriers number roughly 350 million.” 
Although the incidence of HBV infection in the United States is 
low at 0.4%, it is an important cause of acute and chronic liver 
disease, particularly in adult Asian immigrants, where prevalence 
estimates are as high as 25%.” Acute infection, flare of chronic 
infection, complications of cirrhosis, or the development of HCC 
in HBV-infected patients can precipitate the need for LT. HBV 
infection accounts for a relatively small proportion of the U.S. 
liver transplant waiting list.” The rate of HBV infection as an 
indication for LT in the United States remained steady overall at 
3% to 4% from 1998 to 2007%; however, whereas the rate of 
HBV-induced end-stage liver disease as an indication for trans- 
plantation declined between 1999 and 2006, that of HBV-related 
HCC increased over that period.” Chronic carriers whose provid- 
ers fail to recognize HBV infection before initiation of immuno- 
suppressive or cytotoxic chemotherapy are at risk of devastating 
reactivation of HBV infection and are a source of avoidable need 
for LT or death*’; following guidelines for HBV prophylaxis in 
this setting is advised.*’ Candidates with HBV infection die at a 
comparable rate as patients with other chronic liver diseases. 
Nucleoside/nucleotide antiviral therapy is usually well tolerated 
in advanced liver disease. When taken for several months, 
nucleoside/nucleotide therapy may stabilize decompensated cir- 
thosis and occasionally avert the need for LT.** The combination 
of hepatitis B immunoglobulin and HBV antiviral agents signifi- 
cantly reduces the recurrence of HBV infection after transplanta- 
tion.” Long-term outcomes after transplantation for HBV 
infection are excellent. 


Cholestatic Liver Diseases 


Liver transplantation is the only effective therapy for end-stage 
liver disease resulting from primary biliary cholangitis (PBC) and 
primary sclerosing cholangitis (PSC), and has excellent graft sur- 
vival rates.’ Ursodeoxycholic acid is indicated for patients with 
PBC, improves outcomes, and its use is associated with reduction 
in need of transplantation for PBC patients.” In addition to 
decompensated cirrhosis, LT may also be indicated in patients 
with PBC with compensated cirrhosis and severe pruritus refrac- 
tory to medical therapy.’ Patients with PSC can develop typical 
complications of decompensated cirrhosis as an indication for LT, 
but also are at risk of recurrent cholangitis despite biliary interven- 
tions, and frequent episodes of cholangitis (with or without con- 
current cirrhosis) can be an indication for transplantation, with 
the possibility of increased priority by regional MELD exception 
application. Similarly, PSC patients are at risk of developing chol- 
angiocarcinoma. Whereas performing a transplant in patients 
with cholangiocarcinoma overall is associated with poor out- 
comes, careful selection including only patients with localized 
hilar tumors smaller than 3 cm who undergo protocolized pre- 
transplant neoadjuvant radiation therapy and chemotherapy 
results in a reasonable 5-year recurrence-free posttransplant sur- 
vival rate estimated at 65% in a multicenter study.” These patients 
are eligible for exception priority upgrade provided they meet 
specified criteria, including negative findings on pretransplant 
staging laparotomy” (see Table 50-4). In the absence of cholan- 
giocarcinoma, the 5-year patient survival rate post-LT is excellent, 
approaching 90%.” Roux-en-Y choledochojejunostomy with 
removal of the recipient’s distal bile duct is usually used to reduce 
risk of recurrent PSC. 

Biliary atresia is the most common indication for LT in chil- 
dren, accounting for more than 30% of all pediatric transplants,” 
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and is universally fatal if untreated. The typical treatment modal- 
ity is hepatoportoenterostomy, and LT is indicated for those chil- 
dren who continue to have complications of chronic liver disease 
and/or recurrent cholangitis.” The 10-year survival rate after LT 
for biliary atresia is 86% in the United States.” Other pediatric 
cholestatic indications for transplantation include PSC, Alagille 
syndrome, nonsyndromic intrahepatic paucity of bile ducts, cystic 
fibrosis, and progressive familial intrahepatic cholestasis. 


Hepatocellular Carcinoma 


HCC is the third most common cause of cancer-related death 
worldwide. It is diagnosed in more than 700,000 people annually, 
and its incidence is increasing in Western countries.”””° The inci- 
dence of HCC has grown dramatically over the past 4 decades, 
although growth may be recently slowing.” The future rate will 
likely be determined by the interplay between projected reduc- 
tions in HCV infection secondary to more effective treatment and 
increases in NASH. All patients with cirrhosis are presumed to at 
risk for HCC, but patients with HBV infection (10% over 5 years 
in Western countries”), HCV infection (17% over 5 years in 
Western countries”), alcoholic liver disease (8% to 12% over 5 
years'”’), and hereditary hemochromatosis (21% over 5 years”) 
are considered to be at the highest risk.” HCC risk among 
patients with NASH is unclear, with estimates between 2.4% over 
7 years and 12.8% over 3 years.” Among noncirrhotic patients, 
those with both HBV infection and NASH may be at risk." 
HCC is three to four times more common in men than in women, 
and is more common in Africans and Asians than in Cauca- 
sians.” In the appropriate clinical setting, dynamic cross-sectional 
imaging with computed tomography or magnetic resonance 
imaging can establish the diagnosis without a liver biopsy. The 
United Network for Organ Sharing requires use of dynamic con- 
trast cross-sectional imaging with computed tomography or mag- 
netic resonance imaging that includes late arterial, portal venous, 
and delayed phases to establish a radiographic diagnosis of HCC. 
Essential imaging characteristics of HCC include contrast 
enhancement in comparison with the background liver paren- 
chyma on late arterial phase images, portal venous phase washout, 
late pseudocapsule enhancement, and documented interval 
growth on serial imaging.” Several surgical and nonsurgical treat- 
ments exist for HCC, including resection, locoregional therapy 
(LRT), and LT. 

Cirrhosis is present in roughly 90% of patients with HCC,”* 
and usually limits options for surgical resection. Nonetheless, 
surgical resection of HCC is occasionally considered in select 
patients with cirrhosis. Patients with solitary tumors smaller than 
5 cm in noncirrhotic livers or well-compensated cirrhosis (Child 
A without portal hypertension defined as no varices, a platelet 
count >100,000/uL, and a hepatic venous pressure gradient 
<10 mm Hg) may have survival that is only marginally less than 
that of transplant recipients.” Recently, only a platelet level of 
150,000/UL or lower was predictive of poor postresection out- 
comes in a retrospective review of cirrhotic patients with HCC of 
2 cm or less.’ Despite success in selected patients, resection 
among cirrhotic patients is also limited by the risk of recurrent or 
de novo HCC within the cirrhotic liver. Resection as a bridge to 
transplantation does not appear to be a viable strategy.” 

Liver transplantation is considered the treatment of choice for 
patients with decompensated cirrhosis and HCC that is confined 
to the liver and not exceeding the Milan criteria or stage II in the 
tumor-node-metastasis classification. ®® This is defined as a single 
lesion of 2 cm to 5cm or no more than three lesions none larger 
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WAE The Milan Criteria and University of California, 
Se San Francisco Criteria for Liver Transplantation 
of Hepatocellular Carcinoma 


One lesion <5cm <6.5cm 
Two or three lesions All <3cm All <4.5cm 
Total diameter NA <8cm 


See also Fig. 50-4 describing the metro ticket concept. 
NA, Not applicable; USCF University of California, San Francisco. 


Number of nodules 


0 1 2 3 4 5 6 7 8 9 10 
Tumor size (cm) 


75%-80% 50%-75% 35%-50% 


Expected 5-year survival 


e Fig. 50-4 The “metro ticket” concept. Expected 5-year survival rates 
after liver transplantation for hepatocellular carcinoma by tumor size 
and number. UCSF, University of California, San Francisco. (From Yao FY. 
Liver transplantation for hepatocellular carcinoma: beyond the Milan cri- 
teria. Am J Transplant 2008;8[10]:1982-1989.) 


than 3 cm and the absence of extrahepatic disease (Table 50-10). 
Several centers have demonstrated that a modest expansion of the 
number and/or size of tumors can still result in satisfactory out- 
comes.'”” The expanded University of California, San Francisco 
criteria (single tumor <6.5cm, or two or three tumors none 
>4.5 cm and with total tumor diameter <8cm) have had out- 
comes similar to the Milan criteria!” (see Table 50-10). Further 
extensions beyond the Milan criteria in tumor size and/or number 
carry an increased risk of tumor recurrence following transplanta- 
tion, which has been conceptualized as a “metro ticket”; the 
greater the distance, the greater the cost'”’(Fig. 50-4). 

LRT for HCC using percutaneous, laparoscopic, and transar- 
terial techniques has advanced tremendously in the last 1 decade 
to 2 decades and is used very commonly in patients with HCC. In 
transplant candidates, treatment of single small tumors is usually 
reserved until the total tumor burden reaches the Milan criteria 
so as to receive standard exception priority for LT. Once LRT has 
been initiated, the objectives in a potential transplant candidate 
are to (1) bridge the patient to transplantation (prevent the tumor 
from progressing beyond the Milan criteria) or (2) downstage 
(shrink) larger tumors to within the Milan criteria. The over- 
arching goal is to prevent waiting list dropout and decrease the 
candidate’s chance of recurrence after LT. LRT modalities include 


ablation therapy, transarterial chemoembolization (TACE), and 
transarterial radioembolization (TARE). Ablation therapy is most 
often applied in cirrhotic patients with radiofrequency applied 
to tumors up to 3 cm.'"° For patients with larger tumors, either 
TACE or TARE is used and has the benefit of selective delivery of 
chemotherapeutic agents or radiation sources to the tumor rela- 
tive to the background liver parenchyma. TACE can be enhanced 
with drug-eluting beads, and TARE most frequently includes 
glass microspheres with yttrium-90 as the radiation source. No 
direct comparison studies exist between TACE and TARE, and 
their efficacy as bridging modalities is supported mostly by anec- 
dotal experience; however, the outcomes of TACE and TARE 
among HCC patients in general underscore their use as bridging 
modalities." 

Protocols to use LRT to downstage large tumors to a stage 
within the Milan criteria have been proposed. '®>!” Recommenda- 
tions for selecting patients for downstaging before LT include size 
criteria and @-fetoprotein limits both before LRT and after LRT. 
The generally accepted tumor size goal after LRT is within the 
Milan criteria. For patients with an o-fetoprotein level greater 
than 1000 ng/mL before downstaging, a post-LRT goal of less 
than 500 ng/mL is recommended.’ Furthermore, most pro- 
grams and some United Network for Organ Sharing regions 
require a waiting time after the size goals have been met before a 
patient undergoes LT, termed ablate and wait.''® The goal is to 
allow deselection of high-risk patients by identification of tumors 
with poor biology because of limited or transient response to LRT 
before transplantation. The ideal waiting period after successful 
downstaging is unclear, although most advocate 3 months to 6 
months. As of 2016 in the United States, priority allocation based 
on HCC MELD exception is granted only after a 6-month 
waiting period. 


Other Primary Hepatic Malignancies 


Several other malignancies of the liver occur, some in the absence 
of underlying liver disease. Fibrolamellar HCC most often occurs 
in noncirrhotic liver and has a better prognosis than HCC.” 
When limited to the liver, it responds well to LT.'°*''® Heman- 
gioendothelioma is a rare vascular endothelium tumor that can 
be treated successfully with chemotherapy and LT despite the 
extrahepatic spread that often exists at presentation. ™ In children, 
hepatoblastoma is the most common primary hepatic malignancy. 
‘The prognosis is generally better than that of HCC, and LT, with 
neoadjuvant chemotherapy, should be considered when the tumor 
is confined to the liver and not amenable to resection." !®1? 


Repeated Transplant: Recurrent 
Disease and Graft Failure 


Repeated liver transplantation is a relatively uncommon proce- 
dure yet accounted for 9.7% of all liver transplant procedures 
annually in the US during the years 1988 to 2013 and 357 (5.3 
%) of the 6729 liver transplants in 2014.’ The vast majority of 
repeated LT are performed early in the posttransplant period (<90 
days) for primary graft nonfunction, hepatic artery thrombosis, 
or technical reasons related to the first procedure.°' Repeated LT 
performed later are generally for ischemic-type biliary lesions, 
chronic rejection, or recurrent disease.°' Nearly all diseases that 
prompted the first LT can reoccur in the liver graft. The surgical 
procedure for repeated LT is more technically challenging, and 
the patients are generally older and sicker than those presenting 


for the first LT. Survival rate after repeated LT is approximately 
15% to 20% lower than that for first transplant recipients at most 
time points but can be much worse, particularly in those with 
early aggressive recurrent hepatitis C.°' The increased efficacy and 
tolerability of new HCV medications will likely mitigate the addi- 
tive negative influence of HCV on repeated LT to that of non— 
HCV-infected patients, but outcomes with repeated LT will likely 
remain inferior to those of first LT. Several models exist to assist 
with candidate selection by predicting survival. In most models, 
increasing recipient age, bilirubin concentration, creatinine con- 
centration, and time to repeated LT were associated with worse 
outcome.’”' In comparison with first LT, where the threshold for 
survival benefit is a MELD score greater than 15, the threshold 
for survival benefit from repeated LT is a MELD score greater 
than 21 because of the lower graft survival in the repeated LT 
recipients.” 


Contraindications for Liver Transplantation: 
Absolute and Relative 


The goal of liver transplantation is to improve a patient’s survival 
and quality of life. Assessing whether transplantation can achieve 
these goals is fundamental to the pretransplant evaluation and is 
individualized within a transplant center. Medical, psychosocial, 
and technical issues, individually or in summation, may establish 
that LT is contraindicated (Table 50-11). No consensus exists on 
an absolute minimum threshold for graft survival after transplan- 
tation; however, general guidelines include avoidance of listing for 


WAS Absolute and Relative Contraindications to 
Liver Transplantation 


Medical 
Unstable, active cardiopulmonary Symptomatic CAD 


disease Severe pulmonary hypertension 


Metastatic HCC 
CCA with adjacent tissue spread 


Incurable, active extrahepatic 
malignancy 


Uncontrolled, active sepsis 
Uncontrolled, active HIV or AIDS 


Endocarditis , fungemia 
HIV unresponsive to HAART 


Severe, irreversible neurologic Uncal herniation 


disease 


Severe malnutrition or frailty Chronically bed ridden 


Psychosocial 


Active substance abuse Active alcohol or illicit drug use 


Inadequate social support No reliable support person 


Uncontrolled psychiatric disorder Active, uncontrollable psychosis 


Severe psychosocial dysfunction _Interferes with medial compliance 


Surgical 


Extensive vascular thrombosis No viable splanchnic venous inflow 
AIDS, Acquired immunodeficiency syndrome; CAD, coronary artery disease; CCA, cholangio- 
carcinoma; HAAAT, highly active antiretroviral therapy; HCC, hepatocellular carcinoma; HIV, 
human immunodeficiency virus. 
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LT with a 5-year graft survival below 50% and consideration of 
delisting or inactivating candidates when the expected 1-year graft 
survival falls below 50%.'” 


Medical Issues 


Patients who are not expected to survive liver transplant surgery 
or have a meaningful neurologic or functional recovery should 
not undergo the procedure. This assessment can be complicated 
and typically requires a multidisciplinary approach. 


Cardiovascular Disease 


Despite cirrhotic physiology limiting hypertension and reduced 
hepatic lipid production, coronary artery disease (CAD) is preva- 
lent among potential LT candidates, and even after exclusion of 
patients with a history of myocardial infarction, angina, or bypass, 
moderate to severe CAD is present in an estimated 13.3% of LT 
candidates older than 50 years.'** Cardiac contraindications to 
LT include symptomatic ischemic heart disease, advanced. car- 
diomyopathy, severe ventricular dysfunction, severe pulmonary 
hypertension, and severe valvular heart disease. Cardiovascular 
complications are one of the leading causes of non—graft-related 
death after LT.” 7 

Much as in the general population, the CAD risk profile is 
worsening in patients presenting as liver transplant candidates. 
Liver transplant candidates are increasingly older, more obese, and 
enriched in atherosclerotic disease owing to the rising proportion 
of NASH-induced cirrhosis.'**'”? There are several risk factor— 
based approaches'**'! for triaging patients, including no nonin- 
vasive testing, noninvasive testing, or direct cardiac catheterization, 
although they are mostly expert opinion driven and there is likely 
variability between individual centers. Ultimately, diabetes, 
NASH, previous CAD, peripheral vascular disease, age greater 
than 50 years, hypertension, dyslipidemia, cigarette smoking, and 
obesity are all frequently considered risk factors.'*”'** Analysis of 
these risks drives decisions for noninvasive functional testing to 
identify those who may benefit from invasive angiography and 
revascularization. 

Initial noninvasive testing is usually achieved with direct ino- 
tropic stimulation with dobutamine stress echocardiography or 
with nuclear imaging techniques. Exercise stress testing is usually 
not attempted secondary to reduced exercised tolerance in cir- 
rhotic patients. In predicting significant intraoperative cardiac 
events, dobutamine stress echocardiography has negative and 
positive predictive value of 78% and 30% respectively’ yet is 
indeterminate in 37% of liver transplant candidates.'’’ Patients 
with nondiagnostic dobutamine stress test results can be consid- 
ered for other noninvasive testing, such as myocardial perfusion 
imaging or cardiac computed tomography with calcium scoring, 
Those with positive noninvasive testing findings should undergo 
coronary angiography, although it is important to note that non- 
invasive cardiac testing identifies only patients with CAD signifi- 
cant enough to impact cardiac muscle oxygenation. Long-term 
cardiac risk assessment is not achieved by noninvasive testing 
yet may be an important consideration given that approximately 
21% of posttransplant deaths (median follow-up of 6.2 years) 
are related to cardiovascular events such as myocardial infarc- 
tion, heart failure, and sudden cardiac death.'** For candidates at 
intermediate or high risk of coronary events on the basis of their 
risk factor assessment, their proceeding directly to coronary angio- 
gram may be preferable. Multivessel CAD significantly impacted 
posttransplant mortality, length of stay after transplantation, and 
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perioperative pressor requirements in one study; however, neither 
single-vessel stenosis nor the degree of stenosis in any single coro- 
nary artery affected perioperative mortality.” Percutaneous coro- 
nary revascularization can be attempted before transplantation. 
The degree of coagulopathy, the risk of gastrointestinal bleeding, 
and especially the anticipated time to LT influence the choice of 
balloon angioplasty, bare metal stent, or drug-eluding stent.'*° 
Surgical revascularization before LT may be contraindicated by 
perioperative risks posed by the patient’s cirrhosis. Bypass graft- 
ing simultaneous with or shortly after LT has been reported. ° 
Increasingly, nonischemic cardiac disease has been implicated 
in cardiovascular complications following LT, including myocar- 
ditis with fibrosis due to hepatitis C or hemochromatosis, cir- 
rhotic cardiomyopathy, and cardiac chronotropic incompetence. 
Dobutamine echocardiography, with less than 82% of maximal 
heart rate or peak rate-pressure product of less than 16,333, espe- 
cially in those with a MELD score greater than 24, may identify 
patients at higher risk of perioperative cardiac events.'“”'*! 


Pulmonary Disease 


Pulmonary contraindications to LT include advanced pulmonary 
fibrosis, severe chronic obstructive pulmonary disease, and severe 
pulmonary hypertension. Patients with chronic liver disease are at 
risk of two distinct pulmonary vascular disorders: portopulmo- 
nary syndrome and hepatopulmonary syndrome. 

Portopulmonary syndrome occurs in approximately 6% of 
transplant candidates.“ It is characterized by elevated mean pul- 
monary artery pressure (>25 mg Hg), increased pulmonary vas- 
cular resistance (>240 dyn/cm’), and either a low pulmonary 
artery occlusion pressure (<15 mm Hg) or an elevated transpul- 
monary gradient (>12 mm Hg) in the setting of portal hyperten- 
sion.'*’ Confirmation of the absence of other causes of pulmonary 
hypertension is important, most notably left-sided heart failure. 
Echocardiogram can estimate right ventricular systolic pressure as 
the initial screening test, but confirmation with direct right-sided 
heart catheterization and pressure measurement is required. Post- 
transplant mortality from severe uncontrolled pulmonary hyper- 
tension (>50 mm Hg) approaches 100% and remains prohibitively 
high at moderate levels exceeding 35 mm Hg.’ Yet when the 
pulmonary pressure is less than 35 mm Hg, obtained with or 
without pharmacologic intervention, posttransplant survival is 
satisfactory. “^! Candidates are eligible for additional priority for 
LT if they have initial pulmonary arterial pressure and pulmonary 
vascular resistance level equal to or higher than 35 mm Hg and 
400 dyn sec/cm? respectively on right-sided heart catheterization 
corrected for volume overload; documentation of treatment of 
pulmonary hypertension; and sustained mean pulmonary arterial 
pressure less than 35 mm Hg and pulmonary vascular resistance 
of less than 400dyn sec/cm? with medical intervention.'“° Pulmo- 
nary hypertension resolves or abates in many but not all recipients 
after LT. 

Hepatopulmonary syndrome occurs in 5% to 32% of patients 
with cirrhosis,’ and is characterized by intrapulmonary vascular 
dilatation with right to left extracardiac shunting and arterial 
hypoxemia (A-a gradient of less than 15mm Hg) in the setting 
of portal hypertension. Pulse oximetry can be used for screen- 
ing but arterial blood gas is necessary to confirm the diagno- 
sis. Delayed shunting greater than three heartbeats on contrast 
echocardiography or abnormal brain uptake (>6%) on technetium- 
99m-macroaggregated albumin lung perfusion scan can be con- 
firmatory'”’ and is especially useful in the setting of other possible 
causes of hypoxia. The degree of hypoxemia correlates with the 


degree of portal hypertension and the risk of death without LT. 
PaO, of 50 mm Hg or less alone or in combination with an 
macroaggregated albumin shunt fraction of 20% or less is cor- 
related with increased mortality after LT.'** Patients with hepa- 
topulmonary syndrome are eligible for increased priority for LT 
if they have clinical evidence of portal hypertension, evidence of 
intrapulmonary shunt, PaO, less than 60 mm Hg when breath- 
ing room air, and no significant clinical evidence of underlying 
primary pulmonary disease. '“° Oxygen supplementation can ame- 
liorate symptoms, yet LT is the treatment of choice and provides 
a long-term survival benefit. 


Renal Failure 


Renal failure is common with or as a consequence of end-stage 
liver disease. Impaired renal function or failure is associated with 
increasing mortality without LT and is incorporated into several 
prognostic scoring systems such as the MELD score and the acute- 
on-chronic liver failure grading system.” Pretransplant renal 
dysfunction is also associated with increased posttransplant mor- 
bidity and mortality but is not a contraindication.’ Common 
creatinine-based measures (Modification of Diet in Renal Disease 
Study equation, Cockcroft-Gault) of the glomerular filtration rate 
overestimate renal function in cirrhotic patients because of muscle 
wasting.’ Renal insufficiency in the setting of liver disease can 
be related to the liver disease (hepatorenal syndrome, hepatitis C 
membranoproliferative glomerulonephritis, hepatitis B membra- 
nous nephropathy), to intrinsic renal disease (diabetic or nondia- 
betic glomerulosclerosis, ischemic nephropathy), or to a mixture 
of both. Complete renal recovery from hepatorenal syndrome 
after LT is common yet the time to recovery is dependent on its 
duration and severity before LT and the presence of other con- 
comitant renal diseases.'”’ 

Determining the presence and degree of irreversible kidney 
disease forms part of the decision of whether an SLK transplanta- 
tion should be pursued. Although SLK transplantation can 
improve survival for the recipient,'” it also decreases the avail- 
ability of a kidney graft that could improve the survival of a 
patient on the kidney transplant waiting list. The incorporation 
of the MELD score, which includes serum creatinine concentra- 
tion, into liver transplantation allocation in 2002 was associated 
with a significant rise in the number of SLK transplants, up to 
5% in 2009.'” The expertise of a transplant nephrologist is often 
sought. In an effort to optimize the utility of available kidney 
grafts, the following criteria for SLK transplant candidates are 
suggested: (1) end-stage renal disease in a cirrhotic patient without 
hepatorenal syndrome; (2) chronic kidney disease with glomerular 
filtration rate less than 30mL/min or renal biopsy showing more 
than 30% glomerulosclerosis or more than 30% fibrosis in a 
patient with liver failure; or (3) creatinine concentration of 2 mg/ 
dL or higher of acute cause (including hepatorenal syndrome) in 
a cirrhotic patient who has been on dialysis for at least 8 weeks. 


Infection 

Patients with end-stage liver disease are immunocompromised 
and prone to infection. Uncontrolled sepsis is an absolute contra- 
indication to LT. Other infections should be treated aggressively 
before the procedure. Patients with evidence of latent tuberculosis 
should undergo treatment before LT when possible, yet caution 
is advised given the potential toxicity of isoniazid. Rifampin may 
be considered as an alternative to isoniazid when liver dysfunction 
is severe. If treatment before LT is not possible, starting treatment 
in the near posttransplant period is advisable. 


HIV infection is no longer an absolute contraindication to 
LT. With the advent of highly active antiretroviral therapy, liver 
disease has become a leading cause of death in people with HIV 
infection and has inspired a growing worldwide experience in LT 
in this population.'” The causes of liver disease in HIV-infected 
people include coinfection (with HCV or HBV), hepatotoxic- 
ity (highly active antiretroviral therapy, alcohol), HCC related 
to HBV or HCV infection, NASH, and immune reconstitution 
inflammatory syndrome.’ Proper candidate selection and care 
by an experienced multidisciplinary team are paramount to the 
success of transplantation in the HIV-infected patient, including 
psychosocial considerations. Available data suggest that compared 
with non—HIV-infected liver transplant recipients, recipients with 
HIV and HBV infection or HIV infection alone have similar 
survival.’ However, studies conducted before new HCV medi- 
cations were available reported a significantly reduced posttrans- 
plant survival rate in patients with HCV and HIV coinfection, 
with a 5-year survival rate as low as 51%,'”” related in part to more 
aggressive posttransplant HCV recurrence. New direct-acting 
antiviral HCV medications will likely improve graft survival in 
patients coinfected with HCV and HIV, perhaps equivalent to or 
nearly equivalent to that of HIV-monoinfected recipients. Sug- 
gested selection criteria for HIV-infected patients include CD4 
count above 100 cells per microliter,’ HIV RNA that is sup- 
pressible by antiretroviral therapy, and no history of untreatable 
acquired immunodeficiency syndrome—defining events (progres- 
sive multifocal leukoencephalopathy, chronic cryptosporidiosis, 
multidrug-resistant systemic fungal infection, and HIV-associated 
lymphoma).'” Patient selection is particularly important in can- 
didates coinfected with HCV and HIV, as a subset of this group 
have been shown to have worse survival rates. Unfavorable can- 
didate characteristics for patients coinfected with HCV and HIV 
include lower BMI (<21 kg/m’), undergoing SLK transplanta- 
tion, and higher MELD score. Donor characteristics are also likely 
important, with donor risk index, donor age, and HCV status of 
the donor predicting posttransplant outcomes. ° Curing HCV 
infection before or after LT has a positive effect on posttransplant 
survival and is made much easier with the interferon-free direct- 
acting antivirals now available.” 


Extrahepatic Malignancy 


Active extrahepatic malignancy, with rare exception, is a contra- 
indication to LT. Exceptions include nonmelanoma skin cancer, 
neuroendocrine tumors (carcinoid gastrinoma, insulinoma, 
somatostatinoma), and hemangioendothelioma. Prior nonhepatic 
malignancy is not an absolute contraindication, although these 
patients are likely at higher risk of recurrence because of post- 
transplant immunosuppression. Recurrence risk estimates have 
been extrapolated from studies of kidney transplant recipients and 
appear to be dependent on the type of cancer and the interval 
before transplantation. Incidental renal tumors, lymphomas, 
thyroid cancer, and carcinoma of the testis, uterus, and cervix are 
low-risk (<10%) prior malignancies, uterine body carcinoma, 
Wilms tumor, and carcinoma of the prostate and breast are 
intermediate-risk (11% to 25%) prior malignancies, and bladder 
carcinoma, sarcoma, malignant melanoma, symptomatic renal 
carcinoma, and nonmelanoma skin cancer and myeloma are high 
risk (>25%) prior malignancies.'”” There is no consensus on the 
optimal tumor-free duration. An observation period of at least 2 
years following curative cancer treatment is generally recom- 
mended, with longer periods of up to 5 years for malignant mela- 
nomas and breast and colon carcinomas. 
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Advanced Age 


As the U.S. population grows, older patients are more frequently 
being considered for LT. Physiologic age is more important that 
chronologic age, and thus advanced age by itself is not a contra- 
indication to LT.’ Five-year posttransplant outcomes in patients 
older than 70 years may be similar to those in younger 
patients'”'°'; however, older age is associated with worse post- 
transplant survival 10 years after transplantation." A thorough 
evaluation for comorbid conditions should be performed during 
the transplant evaluation, with consideration for a synergistic 
negative effect of advanced age. 


Obesity 


On the basis of World Health Organization estimates, there are 
400 million obese (BMI >30 kg/m’) adults worldwide. In the 
United States approximately two thirds of adults are overweight 
(BMI >25 kg/m’) or obese (BMI >30 kg/m’), and the propor- 
tion of obese patients undergoing LT increased from 15% in the 
1990s to more than 25% by 2003.’ The obese, particular those 
with fatty liver, are at increased risk of cardiovascular disease 
and diabetes. In earlier studies, morbid obesity was associated 
with worse posttransplant survival from 1 year to 5 years after 
transplantation®’; however, ascites was not controlled for, and 
subsequent data showed equivalent outcomes after ascites had 
been controlled for.“ Conversely, perioperative outcomes such 
as length of stay and wound infection appear to be worse in mor- 
bidly obese patients.®'® After LT, the rate of obesity increases 
from 24% soon after transplantation to 41% at 3 years, along 
with increases in the incidence of metabolic syndrome and car- 
diovascular disease. Attention should be paid to the presence 
and degree of obesity-related comorbid diseases, especially car- 
diovascular disease. Efforts should be made to reduce the impact 
of posttransplant obesity and metabolic syndrome. Recently, the 
combination of an intensive pretransplant weight loss program 
and sleeve gastrectomy at the time of transplantation appeared 
effective and safe compared with the weight loss program and 
transplantation without gastrectomy.” 


Cachexia, Sarcopenia, and Frailty 


The functional status of the transplant candidate impacts both 
pretransplant and posttransplant outcomes, and efforts to identify 
and validate objective measures are underway. Skeletal muscle 
loss, or sarcopenia, most commonly measured as the thickness of 
the psoas muscle on cross-sectional imaging, is associated with 
both pretransplant and posttransplant death, as well as other 
perioperative outcomes.'°”'®* Other potential anthropomorphic 
and functional measures of deconditioning include the 6-minute 
walk test, BMI, and routine cardiopulmonary testing. In a recent 
analysis of U.S. national data through 2011, liver transplant 
recipients with a BMI less than 18.5 kg/m* were associated with 
worse patient and graft survival than all other categories, includ- 
ing recipients with a BMI greater than 40 kg/m’.'°* Cachexia, 
sarcopenia, and frailty are potentially modifiable with interven- 
tions such as physical therapy and supplemental nutrition. 


Psychosocial Issues 


Significant psychiatric comorbitidies or social difficulties, includ- 
ing transportation, support, and financial limitations, can impair 
a patient’s ability to adopt a healthy lifestyle, form a productive 
relationship with the medical team, and adhere to complex medi- 
cation regimens. 
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Active Alcohol or Substance Abuse 


Liver transplantation is contraindicated in the setting of active 
alcohol or substance abuse yet may proceed once sincere recovery 
has been established. Addiction is frequent in patients with end- 
stage liver disease, and recidivism is common in addiction. "7 
Formal evaluation and management by an addiction specialist can 
aid in risk stratification and mitigation. Common substances of 
abuse include alcohol, tobacco, prescription medications such as 
narcotics and benzodiazepines, and recreational and illicit drugs. 
Documentation of ongoing participation in a formal recovery 
plan is generally mandated by transplant centers and third-party 
payers and often includes random drug screening. Tobacco 
product use cessation should be mandated as it can improve 
operative outcomes.’ Cessation of marijuana use is generally 
required, although policies pertaining to marijuana use differ 
between transplant centers. 


Psychiatric Comorbidities 

Cirrhotic patients have poor health-related quality of life. 
Depression and isolation can impair medical adherence. Signifi- 
cant psychiatric disorders should be under the care of a mental 
health provider and under excellent control before transplanta- 
tion. A history of treatment for psychologic diseases other than 
alcoholism is predictive of recidivism, clinic visit nonadherence, 
and smoking, underscoring the importance of recognizing and 
supporting psychiatric disorders.” 
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Social Support 


In addition to the severe debilitation and functional decline that 
often accompanies end-stage liver disease, the liver transplant 
surgery itself is a physical ordeal for the patient and it takes weeks 
to months for progress in recovery to be made. After discharge of 
the patient from the hospital, rigorous laboratory and clinic 
follow-up are necessary until the postsurgical course and medica- 
tion regimen stabilizes. Significant support with activities of daily 
living, transportation support, and emotional support are required 
for successful navigation to posttransplant wellness. A reliable 
financial plan, preferably durable medical insurance, is important 
to ensure access to mandatory posttransplant immunosuppression 
management. 


Technical Issues 


Advances in surgical technique and preoperative imaging have 
reduced the list of technical contraindications to liver transplant. 
Portal vein thrombosis is not an absolute contraindication yet 
does pose greater technical challenges particularly if the entirety 
of the portal venous system is occluded or atrophied.'”” However, 
more extensive thrombosis occluding the entire portomesenteric 
system can be prohibitive of LT alone and require consideration 
of combined liver and intestine transplantation. 


Monitoring and Management 


Once the patient has been selected as a candidate and registered 
on the waiting list, ongoing and well-coordinated monitoring and 
management is critical. The importance of an excellent primary 
care provider cannot be overstated. Timely and clear communica- 
tion among the transplant center, the primary care provider, and 
the patient and the patient’s home support team improves delivery 
of the often complicated care plans. 


Patients with end-stage liver disease require complex medical 
care and are at high risk of the development of complications. 
Regular updating of laboratory MELD test results is required by 
the United Network for Organ Sharing to evaluate the progression 
of liver disease and update the patient’s priority status on the 
waiting list. The frequency of this requirement increases as priority 
increases: MELD score less than 10, yearly; MELD score 11-18, 
every 90 days; MELD score 19-24, every 30 days; and MELD 
score 25 or greater, every 7 days. Failure to provide timely labora- 
tory results can lead to a temporary loss of priority status. Routine 
health maintenance includes age-specific cancer screening and 
vaccinations. Ensuring immunity to hepatitis A and hepatitis B, 
when possible, is important as is annual influenza vaccination and 
pneumococcal vaccination every 5 years. Those patients recom- 
mended to undergo substance abuse counseling need to provide 
evidence of their participation. 

Identification of HCC with regular surveillance imaging, 
depending on the stage, may give the patient an opportunity for 
additional transplant priority in the United States. This is also true 
for hepatopulmonary syndrome and controlled portopulmonary 
syndrome.” Patients and their families should be aware that 
uncontrolled and even minimal encephalopathy may increase the 
risk of motor vehicle accidents, so alternative transportation plans 
should be considered.'”° Generally, cirrhotic patients should not 
restrict protein intake given the significant risks of cachexia. 
Sodium restriction (<2 g/day) is difficult for many patients but 
important for volume optimization when portal hypertensive 
fluid retention is present. Regular exercise, as tolerated, should be 
encouraged to minimize debilitation, frailty, and sarcopenia. 


Allocation and Distribution Systems 


Prioritization for LT is most commonly done with an urgency- 
based system where candidates with the highest likelihood of 
dying or becoming too sick for transplantation receive the greatest 
priority. In the United States and several countries worldwide, the 
MELD and PELD scores are used to assess the risk of death and 
hence priority for transplantation.” The MELD score has been 
shown to have several advantages as an allocation tool, including 
improved accuracy and reproducibility because of the avoidance 
of subjective predictors such as ascites and encephalopathy." 
Despite the MELD score’s strength as a prognostic tool, for a 
minority of patients, including those with acute liver failure or 
liver disease in which the prognosis is not predicted by derange- 
ments in the MELD score, an alternative priority system is 
required. Under the MELD-based allocation system in the United 
States, patients meeting specific criteria are eligible for additional 
priority or a MELD exception score (see Table 50-4). HCC is the 
most common reason for such additional priority and has been 
the topic of new consensus guidelines for establishing the diagno- 
sis of HCC and revising the priority schema." 

Distribution of available donor organs to a waiting list is typi- 
cally defined by geographic areas but in some countries it is 
defined by a transplant center’s assigned donor area. In patient- 
based distribution, as in the United States, donor organ offers 
generally go first to the highest-priority patient nearest the organ 
donor in the local area, known as a designated service area, then 
to a larger regional area, then nationally. An initial exception to 
this schema was made for patients with an estimated survival of 
less than 7 days without LT and listed as “status 1.” Status 1 
candidates are eligible for regional organs before local patients 


who are not listed as status 1. Subsequently, availability of organs 
at the regional level was expanded to patients with MELD scores 
equal to or greater than 35 in a tiered fashion so that they are 
offered organs before local patients with MELD scores less than 
35. The goal of this policy, called Share 35, was to reduce geo- 
graphic disparity of liver organ availability. Options for other 
policy changes to reduce geographic disparity in transplant access, 
including redrawing regional boundaries, is the focus of signifi- 
cant debate in the transplant community. 


Donor Liver Choices 


Donor livers for transplantation are a scarce, life-saving resource. 
Given this scarcity, efforts have been made to expand the donor 
options available to patients in need of LT. Unfortunately, the 
ideal donor liver is often not available. Therefore the patient, in 
consultation with the transplant team, should decide on which 
less than ideal donor liver he or she would consider. This impor- 
tant risk-benefit discussion is typically an ongoing and dynamic 
process. It begins at the time of initial evaluation in the hypotheti- 
cal and culminates at the time of a viable offer with the specific 
risks associated with the characteristics of that donor organ.'””"'*° 
Issues to consider in this decision include the transplant candi- 
date’s underlying liver disease, the disease-specific risk for the 
patient becoming too sick for a transplant, the risk of posttrans- 
plant complications and graft failure, and the local expertise of 
the transplant team. An analysis of the U.S. transplant experience 
showed that with an increasing severity of illness, as measured by 
MELD, there is an increasing benefit of LT with less than ideal 
liver grafts as measured by the donor risk index.'*' Ideal available 
donor options include a whole graft from a standard deceased 
donor who had a brain death or from a live donor. Less than ideal 
liver grafts include a split graft from a deceased donor who had 
brain death, a donor who had a cardiac death, an older-age donor, 
and a donor at higher than average risk of transmitting disease. 

Deceased donors are increasingly older’ and with metabolic 
syndrome risk factors associated with hepatic steatosis, both of 
which can have detrimental effects on early and late graft sur- 
vival.'** The effect of these risk factors can differ widely depending 
on the potential recipient’s underlying disease, particularly with 
regard to older-donor organs in recipients with HCV infec- 
tion.^™!® Given that donor age has a differential impact between 
HCV-infected and non—HCV-infected recipients, HCV-specific 
donor quality scores such as the corrected donor age'* and the 
donor risk index for African American liver transplant recipients 
with HCV infection” can be helpful. The corrected donor age 
and donor risk index for African American liver transplant recipi- 
ents with HCV infection also incorporate other factors such as 
donor-recipient race mismatch. Matching donor and recipient 
characteristics may improve graft utility, particularly for HCV- 
infected recipients'*’ and those undergoing repeated LT.'*° 

Adult-to-child and adult-to-adult live-donor liver donation 
using either the left or the right liver lobe as a liver graft is used 
in many centers to increase access to LT for patients whose 
MELD/PELD scores are not competitive for deceased donation 
liver grafts. At experienced centers, patient and graft survival after 
live-donor liver transplantation are similar to those after deceased- 
donor liver transplantation yet the rates of biliary complications 
and hospitalizations are higher.’ Ethical considerations 
become more complicated with living donation because the donor 
would not otherwise require a surgical procedure nor assume the 
associated risks. 
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Several other donor options exist. Deceased-donor livers are 
typically procured after brain death yet organ donation after cir- 
culatory death, known as donation afier cardiac death, is also 
performed. Donation after cardiac death transplantation increased 
significantly between 2000 and 2006 but has subsequently stabi- 
lized and may be downtrending.” Any change in the trend of 
donation after cardiac death may be secondary to concerns about 
posttransplant graft outcomes, especially ischemia-related con- 
cerns. Good-quality deceased-donor livers can be split to provide 
grafts for two recipients, generally one pediatric patient and one 
adult patient. When split liver grafts are from younger donors 
(<30 years old) and lack other poor prognostic factors, outcomes 
can be comparable to those for whole liver grafts.'®” 

Disease transmission via donor liver occurs, and rates of pos- 
sible and confirmed transmission in the United States are moni- 
tored and regularly reported by the Disease Transmission Advisory 
Committee.” Rates of transmission of infections via the donor 
in LT can be predicted with only fair accuracy on the basis of 
reported donor risk factors, so rapid testing of all donors is 
routine. Although rapid testing cannot exclude the risk of trans- 
mission of HIV, when modern testing is negative, the absolute 
risk of transmission is low, with an estimated probability from 
standard and high-risk donors of 2.4 in 100,000 transplants and 
46 in 100,000 transplants respectively.'*’ Livers from HCV- 
infected donors without evidence of significant hepatic fibrosis 
have been used successfully in HCV-infected recipients. In general, 
livers from HCV-infected donors are not used in patients without 
HCV infection or in those who have been cured going into trans- 
plant of HCV prior to LT. With better tolerated and more effec- 
tive HCV treatment regimens, clarity is lacking regarding the best 
strategy for treatment of waiting list patients to improve out- 
comes. Concerns include limiting liver grafts to the patient who 
is cured of HCV infection and no longer accepting HCV-infected 
organs. Anti—hepatitis B core—positive donors without evidence 
of significant hepatic fibrosis are associated with graft survival 
comparable to that of other liver donors but most recipients typi- 
cally require antiviral drugs indefinitely following LT.” 


Conclusion 


End-stage liver disease is associated with very high morbidity and 
death risks. Liver transplantation is curative; thus appropriate and 
efficient evaluation for liver transplantation is extremely important. 
When assessing indications for and contraindications to liver trans- 
plantation, the medical and surgical teams must consider benefits 
and risks to the patient as well as the best use of a scarce resource. 
Patients with well-compensated or reversible liver disease may 
benefit from avoiding transplantation. Conversely, other patients 
may have hastened progression of a malignancy, no meaningful 
neurologic function, or not survive the procedure or perioperative 
period. In this case, two individuals may be harmed; that is, the 
recipient and the other potential recipient who was not allocated 
that donor liver. Patients with relative contraindications should be 
considered for a preliminary discussion with the liver transplant 
selection committee before embarking on a time-consuming and 
costly evaluation. Once a patient has been selected as a candidate 
and registered on the transplant waiting list, well-coordinated care 
between the transplant center and the patient’s primary care team 
provides the patient with the greatest chance of surviving until an 
appropriate donor liver is available. As the urgency for transplanta- 
tion grows, serious consideration of alternative donor sources by 
the patient and transplant team is warranted. 
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SUMMARY 


Recent Progress 

e Dramatic growth in applicability of LT for complications of liver disease 

e Candidates with the highest risk of poor outcomes are prioritized first 

e The MELD score has been further adapted to include serum sodium 
concentration 

e Exception for HCC has been revised to include a 6-month waiting period 
before transplantation to allow identification of high-risk tumors 


Key Knowledge Gaps 
e Best strategy to improve inequities by region and clinical indications 
e Determining utility-based HCC priority 


References 


e Understanding which patients presenting with alcoholic hepatitis might 
be candidates for LT 
e Delineating renal indications for SLK transplantation 


Future Direction 
e Continued adaptation of current allocation and distribution metrics to 
improve access to and equity of LT 


The complete reference list is available at www.expertconsult.com. 
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A2ALL adult-to-adult living donor liver transplantation study 
cohort 

CTP Child-Turcotte-Pugh 

DCD donation after cardiac death 

ECD extended criteria donors 

ERCP endoscopic retrograde cholangiopancreatography 

GBWR graft-to-recipient body weight ratio 

GV/SV graft volume to standard weight volume 

HAART highly active antiretroviral therapy 

HCV hepatitis C virus 

HIV human immunodeficiency virus 

IVC inferior vena cava 

MELD Model for End-Stage Liver Disease 

OPO organ procurement organization 

PELD pediatric end-stage liver disease 

PTC percutaneous transhepatic cholangiogram 

PNF primary nonfunction 

PVT portal vein thrombosis 

HAT hepatic artery thrombosis 

SFSS small for size syndrome 

UNOS United Network of Organ Sharing 

VVB veno-veno bypass 


Introduction 


Brief History of Liver Transplantation 


“Liver, brain, and heart, these sovereign thrones ...” 
(WILLIAM SHAKESPEARE, TWELFTH NIGHT, ACT 1, SCENE 1) 


The history of modern liver transplantation began in 1955, in 
the laboratories of Stuart Welch at Albany Medical College and 
Jack Cannon at the University of California, Los Angeles. Welch 
was the first to demonstrate the technique of auxiliary liver trans- 
plantation, experiments that he performed in dogs in which the 
native liver was left undisturbed and the transplanted liver was 
placed in a heterotopic position.'” It was Cannon who first dem- 
onstrated the technique of orthotopic liver transplantation in 
which the native liver was removed and a graft put in its place.’ 
Unfortunately, none of the dogs survived. Finally, in 1958, Francis 
Moore in Boston and Thomas Starzl in Denver demonstrated 
technical success, achieving recipient survival in canine models 
of orthotopic liver transplantation. However, the success was 


short-lived, as rejection led to graft and recipient demise within 
the Ist weeks after transplantation.*” After the technical success 
in canine models, Starzl attempted the first liver transplant in a 
human in 1963. The recipient was a 3-year-old with biliary atresia 
who succumbed in the operating room due to hemorrhage prior 
to the completion of the transplant. Throughout the ensuing 
year there would be six more attempts at liver transplantation in 
Denver, Paris, and Boston, all of which resulted in recipient mor- 
tality within 23 days of transplantation. Given the dismal results, 
a moratorium was imposed in 1964, which lasted for just over 
3 years. In 1967, Starzl performed the first successful liver trans- 
plantation in an 18-month-old child with hepatoblastoma. She 
survived for 400 days before succumbing to disseminated malig- 
nancy. Although this initial success spawned more clinical activ- 
ity, the 1-year survival following liver transplantation remained 
less than 50%,’ as two major hurdles stood in the way of suc- 
cessful liver transplantation: rejection and optimization of organ 
preservation. 

Initial efforts at organ preservation were simplistic, with the 
use of chilled normal saline or lactated ringers which achieved 
organ preservation for a maximum of 6 hours. Gradually, it was 
realized that preservation solutions should contain an impermeant 
and/or a colloid to prevent cellular edema, strong buffering capac- 
ity to combat acidosis, an electrolyte composition to simulate 
either the intracellular or the extracellular milieu, and, finally, 
antioxidants to scavenge free radicals. In 1987, University of 
Wisconsin solution emerged as the leading preservation solution 
and allowed for cold static liver preservation for up to 18 to 24 
hours.” 

Concomitant with efforts to optimize organ preservation were 
efforts to understand transplant rejection. In 1944, Peter Medawar 
demonstrated that allograft rejection was an immune-mediated 
phenomenon.’ More than a decade later, Sir Roy Calne demon- 
strated that 6-mercaptopurine and, subsequently, azathioprine, 
prolonged survival of kidney allografts.” In 1967, the concept 
of induction immunosuppression—administration of an agent 
for a short course at the time of transplantation—emerged with 
the introduction of antilymphocyte globulin used in conjunc- 
tion with maintenance therapy consisting of azathioprine and 
prednisone. This comprised the first triple drug immunosup- 
pression regimen.’ It was, however, the discovery of cyclosporine 
in 1969 by Jean-Francois Borel that truly revolutionized organ 
transplantation. Derived from a fungus sample cultured from 
soil, it was first used by Sir Roy Calne in rodent models of 
heart transplantation with success.'° Cyclosporine was first used 
in humans in 1978, and Food and Drug Administration approval 
came in 1983. Cyclosporine achieved 1-year liver transplant sur- 
vival rates of 70% and was rapidly accepted as the gold standard 
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of maintenance immunosuppression.'' Six years later, tacrolimus, 
isolated from the culture broth of a soil sample from the Tsukuba 
area of Northern Japan,'* was introduced. Its superiority to cyclo- 
sporine was quickly demonstrated such that it supplanted cyclo- 
sporine as the mainstay of maintenance regimens, a position it 
retains to this day. 


Indications and Contraindications 
to Liver Transplantation 


Indications 


Transplantation has become the procedure of choice for a wide 
range of liver diseases in both adult and pediatric patients. These 
conditions range from acute or chronic liver disease, to metabolic/ 
congenital conditions, and hepatic malignancy (Table 51-1). 
Despite the varying etiologies of these diseases, the onset of 
decompensated liver disease is often the common final pathway 
that leads to liver transplantation. 


TABLE reer . z 
Indications for Liver Transplantation 


Acute Liver Injury 


Viral hepatitis 
Toxic injury (acetaminophen [paracetamol], halothane, mushroom, 
others) 

e Fulminant Wilson disease 

e Fulminant tyrosinemia 


Chronic Liver Injury 


e Cholestatic disease (primary biliary cholangitis, primary sclerosing 
cholangitis, biliary atresia, familial cholestatic syndromes) 

e Hepatocellular disease (viral hepatitis, alcoholic cirrhosis, 
autoimmune hepatitis) 
Vascular disease (Budd-Chiari, veno-occlusive disease) 
Massive steatosis 


Mass-Occupying Lesions 


Hepatocellular carcinoma 
Hepatoblastoma 
Hemangioendothelioma 
Metastatic neuroendocrine tumor 
Polycystic liver disease 

Multiple adenomatosis 


Metabolic Diseases 


o.1-Antitrypsin deficiency 
Wilson disease 

Tyrosinemia 
Hemochromatosis 

Glycogen storage disease Types | and IV 
Cystic fibrosis 

Erythropoietic protoporphyria 
Crigler-Najjar syndrome 
Oxalosis 

Urea cycle enzyme deficiency 
Protein C deficiency 
Hemophilia A 


Graft Failure 

e Rejection (acute, chronic) 
e Primary graft failure 

e Technical failure 


Table 51-2 demonstrates the characteristics for adult recipients 
from 2004 through 2013. Among children, cholestatic liver 
disease remains the most common indication, accounting for 
nearly half of liver transplants in 2013 (45.6%). In contrast, for 
adults, noncholestatic liver disease accounts for the largest propor- 
tion of liver transplants, dominated by hepatitis C cirrhosis, the 
most common indication for liver transplantation (29.4% in 
2013).” It is anticipated that over the next 1 to 2 decades hepatitis 
C virus (HCV) will substantially diminish, whereas nonalcoholic 
steatohepatitis will correspondingly escalate as an indication for 
liver transplantation. Indeed, the recent emergence and rapid 
proliferation of multiple HCV direct-acting antiviral agents, typi- 
cally used in combinatorial regimens that are well-tolerated and 
highly efficacious, will undoubtedly exert a profound effect. 
Treatment and cure of chronic hepatitis C should prevent the 
development of cirrhosis, decompensation, and/or hepatocellular 
carcinoma, thereby reducing the need for transplantation. Simi- 
larly, treatment and cure of recurrent hepatitis C after liver trans- 
plantation should dramatically improve posttransplant outcomes, 
thereby reducing the need for retransplantation. 


Contraindications 


Table 51-3 lists the absolute and relative contraindications to 
liver transplantation. Among the relative contraindications to 
liver transplantation, special note should be made of human 
immunodeficiency virus (HIV) infection. The advent of highly 
active antiretroviral therapy (HAART) has dramatically improved 
the prognosis of HIV infection. Common criteria for HIV- 
positive patients to qualify for liver transplantation include a 
viable plan for viral suppression after transplant, particularly for 
those unable to tolerate HAART prior to transplant, a CD4+ T 
cell count of more than 100 cells/uL for 6 months, and of the 
absence of opportunistic infections and HIV-related neoplasms. ° 
In a prospective series, 1-year and 3-year patient survival were 
91% and 64%, respectively; 1-year and 3-year liver graft survival 
were 82% and 64%, respectively.'° Although equivalent post- 
transplant survival has been demonstrated between hepatitis B 
virus (HBV) monoinfected and HBV/HIV coinfected patients, 
posttransplant survival and graft survival rates are lower in HCV/ 
HIV coinfected patients compared with the HCV monoinfected 
population.'”'* Advances in HCV antiviral therapy, combined 
with the pretransplant identification of the subset of HCV/HIV 
coinfected candidates with a favorable posttransplant prognosis, 
may improve results in this distinctly difficult population. In 
addition, with reported success transplanting kidneys from HIV- 
positive deceased donors into HIV-positive recipients in South 
Africa, and recent passage of the HIV Organ Policy Equity 
(HOPE) Act allowing for the eventual use of HIV-positive donors 
in the United States, the HIV-positive candidate on a waitlist may 
soon have expedited avenues to deceased donors, thus allowing 
for transplantation at an earlier point in their disease process'?”” 
with the potential to further improve pretransplant and posttrans- 
plant outcomes. 

Obesity is another relative contraindication that deserves 
special mention, particularly as its prevalence is steeply increasing 
in the United States. Many transplant centers have body mass 
index (BMI) limitations to qualify for transplantation, although 
there is certainly no uniformity in practice. Obese recipients pose 
a substantial technical challenge as reflected by the increased fre- 
quency of postoperative complications. Although a previous 
report suggested that severe obesity (BMI >40 kg/m?) was a 
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Characteristics of Adult Liver Transplant Recipients, 2003 and 2013, 
Including Retransplants 


Age 18-34 337 6.6 335 5 
35-49 1579 30.8 976 16.5 
50-64 2739 53.4 3644 61.5 
65+ 472 9.2 966 16.3 
Sex Female 1749 34.1 2020 34.1 
Male 3378 65.9 3901 65.9 
Race White 3806 74.2 4187 70.7 
Black 439 8.6 604 10.2 
Hispanic 622 12.1 809 13.7 
Asian 212 4.1 267 4.5 
Other/unknown 48 0.9 54 0.9 
Primary diagnosis Acute hepatic necrosis 303 5.9 233 3.9 
HCV 1531 29.9 1482 25.0 
Alcoholic liver disease 901 17.6 1088 18.4 
Cholestatic disease 568 Hilal 494 8.3 
Malignancy 408 8.0 1150 19.4 
Other/unknown 1416 27.6 1474 24.9 
BMI (kg/m?) <18.5 Wl Dee 126 2.1 
18.5-25 1619 31.6 1678 28.3 
25-30 1842 35.9 2068 34.9 
30-35 1000 19.5 1279 21.6 
35+ 536 10.5 770 13.0 
Unknown 19 0.4 0 0 
Waiting time <31 days 1757 34.3 1777 30.0 
31-60 days 616 120 595 10.0 
61-90 days 368 ez 396 6m 
3-6 months 675 132 969 16.4 
6-12 months 584 11.4 930 157 
1-2 years 539 108 771 13.0 
2-3 years 279 5.4 208 35 
3+ years 303 5.9 Zs 4.6 
Unknown 6 0.1 2 0.0 
Medical urgency Status 1/1A 306 6.0 196 3.3 
MELD 35+ 476 9.3 1357 22.9 
MELD 30-34 527 10.3 894 15.1 
MELD 15-29 3026 59.0 3303 55.8 
MELD <15 780 15.2 168 2.8 
Other/unknown 12 0.2 3 0.1 
Procedure type Whole liver 4788 93.4 5645 95.3 
Partial liver 251 4.9 204 3.4 
Split liver 88 ed 72 12 
Multiorgan transplant Liver only 4871 95.0 5390 91.0 
Liver-kidney 235 4.6 477 8.1 
Other 21 0.4 54 0.9 
Donor type Deceased 4873 95.0 5710 96.4 
Living 254 5.0 211 3.6 
Diabetes 1013 19.8 1494 25.2 
Portal vein thrombosis 181 3:5 592 10.0 
All Recipients 5127 100.0 5921 100.0 


HCV, Hepatitis C virus; MELD, Model for End-Stage Liver Disease. 
Data from Am J Transplant 2015 Jan;15 Suppl 2:1-28; and OPTN/SRTR 2013 Annual Data Report: liver. 
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TABLE Pe eee . . 
Contraindications for Liver Transplantation 


Absolute 


Patient unable to understand and comply with immunosuppression 
Active extrabiliary sepsis 

Metastatic hepatocellular carcinoma 

Advanced cardiopulmonary disease 

Active alcoholism and drug addiction 

Acquired immunodeficiency syndrome (AIDS) 

Documented anatomic anomalies precluding transplantation 
Recent history of extrahepatic cancer 


Relative 


Age older than 75 years 

Active sepsis of hepatobiliary origin 

Active infection of extrahepatic organs 
Retransplantation for recurrence of hepatitis C 
Cholangiocarcinoma 

Severe malnutrition 

Diabetes mellitus with coronary artery disease 
Multiple organ failure requiring cardiopulmonary support 
Patients in coma Stage IV 

Human immunodeficiency virus (HIV) infection 
Morbid obesity 


significant predictor of death after liver transplantation,” another 
study failed to identify any association between a corrected BMI 
(one that accounts for the extent of ascites) and either patient or 
graft survival.” One proposed approach to address pretransplant 
obesity has been the utilization of laparoscopic bariatric surgery 
either prior to or during liver transplantation.” Bariatric surgery 
prior to transplantation has been reported not only to be safe and 
well tolerated, but effective to facilitate weight loss and thereby 
improve transplant candidacy by facilitating weight loss.” More- 
over, for patients with a BMI greater than 35, laparoscopic sleeve 
gastrectomy has been safely performed at the time of transplanta- 
tion, resulting in effective weight reduction and mitigation of 
posttransplant metabolic complications such as diabetes mellitus 
and allograft steatosis, compared with those obese recipients who 
underwent liver transplantation alone. Although these results are 
promising, especially in the context of an expanding population 
of obese candidates on waitlists, larger studies will be needed to 
assess the safety, feasibility, and efficacy of bariatric surgery either 
prior to or during transplantation for morbidly obese patients 
with cirrhosis. 


Candidate Evaluation and Listing 


Evaluation 


Patients with end-stage liver disease (ELD) who are referred for 
liver transplantation undergo an extensive evaluation either as an 
outpatient or as an inpatient. This topic is reviewed in great detail 


in Chapter 50. 


Assessment of Disease Severity and Waitlist Stratification 
In 1964 C. Garner Child and Jeremiah Turcotte of the University 
of Michigan proposed a scoring system that stratified the severity 
of end-stage liver disease. Their scoring system, the first of its kind, 
relied on five clinical parameters: total bilirubin, serum albumin, 


nutritional status, extent of ascites, and degree of hepatic encepha- 
lopathy.” The Child-Turcotte scoring system was developed to 
preoperatively standardize the severity of chronic liver disease 
using a reliable set of clinical criteria, which allowed for the pre- 
diction of postoperative outcome. The scoring system was modi- 
fied by Pugh in 1972, to allow for consideration of the bleeding 
tendency in patients with portal hypertension. The Child- 
Turcotte-Pugh (CTP) score replaced the criterion of nutritional 
status with prothrombin time.” Lacking any other standardized 
method, the CTP score, combined with waiting time on the 
transplant list, was used to stratify liver transplant candidates for 
organ allocation. However, the CTP score required the subjective 
assessment of ascites and severity of encephalopathy. Dissatisfac- 
tion with the subjective components of the CTP score helped 
prompt the development of a completely objective scoring system 
for organ allocation. 

The Model for End-Stage Liver Disease (MELD) score was 
originally developed to predict 3-month survival in patients 
undergoing transjugular intrahepatic portosystemic shunt.” 
Based upon the patient’s total serum bilirubin, serum creatinine, 
and the international normalized ratio (INR), the MELD score 
did not rely on the subjective assessment of ascites and encepha- 
lopathy severity inherent to the CTP score. The MELD score also 
proved to be superior to the CTP score in predicting transplant 
waitlist survival. In February 2002 the United Network of Organ 
Sharing (UNOS) adopted the MELD allocation system, and in 
doing so gave priority to the sickest patients based upon objective 
parameters, deemphasizing the importance of waitlist time. In 
2008, Kim et al. demonstrated that a composite measure of serum 
sodium concentration and MELD, MELD-Na, was superior to 
MELD alone to predict waitlist mortality.” MELD-Na allocation, 
approved in 2014 and implemented nationally in 2016, is expected 
to alter the score of approximately one third of the candidates on 
a waitlist. It should be noted that patients under the age of 12 
years are prioritized on the waitlist according to the Pediatric 
End-Stage Liver Disease (PELD) score which is based on four 
clinical parameters: total bilirubin, INR, albumin, and extent of 
growth failure.” 

Although the MELD score has facilitated objective prioritiza- 
tion of candidates on a waitlist, geographic disparities in access to 
deceased donor livers exist because organ allocation and distribu- 
tion for candidates with chronic liver disease predominantly 
occurs at the local level, followed by the regional and then national 
levels. The inequity may be best evidenced by the significant 
regional differences in the median MELD at which candidates 
achieve transplantation. Transplant centers in regions character- 
ized by high, compared with low, median MELD scores exhibit 
more aggressive deceased donor organ utilization practices and 
more vigorous living donor transplant programs as strategies to 
meet need. Moreover, subsets of candidates, typically those with 
financial means, relocate to regions of relatively high organ supply 
to achieve transplantation.” 

Recently, the U.S. Health Resources and Services Administra- 
tion charged the United Network for Organ Sharing (UNOS) to 
reconsider MELD allocation with the specific aim of mitigating 
geographic disparities in access to deceased donor livers. As a first 
step, in June 2013, “Share 35” allocation was implemented. 
Whereas prior to Share 35 implementation local candidates 
retained priority for liver grafts with the exception of Status 1 
listed individuals, the new policy stipulates that liver grafts are 
first allocated to regional candidates with MELD scores greater 
than or equal to 35, ahead of local candidates with MELD less 
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MELD 


instituted Share 15 Share 35 MELD-Na 


HCC HCC HCC HCC HPS (MELD 22) HCC Cap: 

T1: MELD 24 T1:MELD 20 T2:MELD 24 T2: MELD 22 CCA (MELD 22) MELD 34 
T2: MELD 29 T2: MELD 24 CF (MELD 22) HCC Delay: 

FAP (MELD 22) 6 months 


PHO (MELD 28) 
PPHtn (MELD 22) 


e Fig. 51-1 Changes in Model for End-Stage Liver Disease (MELD) allocation since its inception. 
CCA, Cholangiocarcinoma; CF, cystic fibrosis; FAP familial amyloid polyneuropathy; HCC, hepatocellular 
carcinoma; HPS, hepatopulmonary syndrome; PHO, primary hyperoxaluria; PPHtn, portopulmonary 


hypertension. 


than 35. Analysis of the impact of Share 35, comparing the year 
immediately preceding to the year immediately following, has 
shown an increase in the overall number of transplants performed, 
increased frequency of regional sharing, increased distance of 
organ travel, no change in cold ischemia time, reduction in wait- 
list mortality, and no change in posttransplant outcomes.” Cur- 
rently, the UNOS Liver and Intestine Transplant Committee is 
considering more significant policy revisions by newly defining 
liver distribution units through mathematical modeling and opti- 
mization to further reduce waitlist mortality and geographic dis- 
parity.” Fig. 51-1 documents the major changes in MELD 
allocation policies since its inception in 2002. 


Candidates With Hepatocellular Carcinoma 


Early results for the treatment of hepatocellular cancer (HCC) by 
liver transplantation were unfavorable, consisting of poor survival 
rates and a high incidence of posttransplantation recurrence.” In 
1996, Mazzaferro et al. reported results that have led to the codi- 
fication of the “Milan criteria’, thereby defining the subset of 
patients with unresectable HCC for whom liver transplantation 
is the appropriate treatment.” Transplantation within the Milan 
criteria (single tumor less than or equal to 5 cm in diameter, or 
two to three tumors less than or equal to 3 cm in diameter) 
resulted in overall and recurrence-free survival rates of 85% and 
92%, respectively, at 4 years. Therefore, HCC with tumor burden 
within the Milan criteria gained wide acceptance as a legitimate 
indication for liver transplantation. 

As patients with HCC often have preserved hepatic func- 
tion, their calculated MELD score predicted a low risk of death 
from their liver disease alone. To provide HCC candidates access 
to liver transplantation prior to HCC progression beyond the 
Milan criteria, MELD exception points were awarded to this 
subset of liver transplant candidates. Under the initial HCC- 
adjusted MELD scheme of organ allocation, patients with Stage 
1 HCC (one lesion <2 cm) were given a MELD score of 24, 
corresponding to an expected 15% 3-month dropout rate due to 
tumor progression beyond the Milan criteria. Those with Stage 
2 HCC (one lesion 2 to 5 cm, two to three nodules all <3 cm) 
were assigned a MELD score of 29, which reflected an expected 
30% 3-month dropout rate. For every 3 months on the waiting 
list, HCC candidates who remained within the Milan criteria 
were awarded additional exception points equivalent to a 10% 
increase in mortality risk. However, soon after its implementa- 
tion, there was evidence that HCC was overvalued in this original 
MELD allocation, prompting two subsequent adjustments in the 


attribution of MELD points for HCC patients in April 2003 
and again in January 2004.” Stage 1 HCC candidates no longer 
received any MELD exception points, and Stage 2 HCC candi- 
dates were awarded a MELD score of 22. 

Despite these downward adjustments in HCC exception 
points, mounting evidence showed that HCC candidates, com- 
pared with the non-HCC candidates, enjoyed a substantial trans- 
plant advantage irrespective of geographic location.””*’ Indeed, 
half of the HCC candidates on the national waitlist achieved liver 
transplant at a MELD score of 22, within 3 months of listing. To 
address the disparity in access to deceased donor livers between 
HCC and non-HCC candidates, the following two strategies were 
implemented in October 2015: (a) “HCC Delay’—instead of 
being listed with a MELD score of 22, candidates with HCC 
exception applications are registered with their calculated MELD 
score for the first 6 months. After this 6-month waiting period, 
candidates who continue to meet HCC listing criteria are awarded 
28 exception points. (b) “HCC Cap’—-HCC exception scores are 
capped at a MELD of 34 in light of the current Share 35 alloca- 
tion policy.“**° 

Simultaneous to considering mechanisms to devalue HCC 
within the MELD economy, there are discussions to consider 
expansion of tumor criteria acceptable for transplantation beyond 
the current limits of the Milan criteria.“ In 2001, Yao et al. at 
UCSF proposed expansion of the Milan criteria for HCC liver 
transplant candidates.“ Termed the UCSF criteria, these patients 
with HCC had a single tumor less than or equal to 6.5 cm in 
diameter, or two to three tumors none exceeding 4.5 cm in diam- 
eter and whose sum of tumor diameters did not exceed 8 cm. This 
cohort that underwent liver transplantation following downstag- 
ing with locoregional therapy to within Milan Criteria achieved 
1- and 5-year survival rates of 90% and 75%, respectively, thus 
demonstrating equivalent rates of long-term survival when com- 
pared with candidates presenting within the Milan criteria. 

Indeed, with the success of HCC downstaging protocols, and 
continued advances in locoregional therapy, the upper boundaries 
of HCC tumor burden suitable for liver transplantation have 
come into question.“ Aside from gross evidence of macrovascular 
invasion, solely relying on tumor number/size has proved to be 
insufficient in a “one size fits all” system of granting HCC excep- 
tion points. Consideration of AFP levels in conjunction with 
tumor size/volume, better identify HCC candidates best suited 
for transplant by excluding those candidates at highest risk for 
posttransplant recurrence.” Data also suggests that waiting time 
serves as an effective, if not archaic, marker for tumor biology. 
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HCC recipients emanating from UNOS regions with relatively 
longer waitlist times, compared with those with shorter waitlist 
times, have demonstrated improved long term posttransplant sur- 
vival and a reduced risk for posttransplant HCC recurrence.” 
Finally, an emerging theme in the literature is the prognostic 
utility of a candidate's individual response to locoregional therapy. 
Although traditionally utilized to reduce tumor burden with the 
aim of preventing waitlist dropout, achieving transplant eligibility 
(downstaging of patients who are outside of Milan criteria to 
within Milan criteria), and/or reducing posttransplant HCC 
recurrence,” there is growing evidence that the tumor response 
to locoregional therapy—much like that of time on the waitlist— 
may allow for enhanced identification of candidates ideally suited 
for liver transplantation. ”®” 


Liver Transplantation: Deceased 
and Living Donors 


Historical Perspectives 


The world’s first human-to-human transplant of a solid organ was 
performed in April 1933 by the Russian surgeon Yu Yu Voronoy.”* 
The recipient of the kidney allograft was a 26-year-old woman 
who had succumbed to acute renal failure after ingesting 4 g of 
mercuric chloride in an apparent suicide attempt. The donor 
kidney was obtained from an ABO incompatible 60-year-old 
gentleman who had died from a head injury 6 hours prior. The 
renal allograft did not function, and the recipient succumbed 2 
days later. This event, however, marked the first procurement of 
an organ from a deceased (non—heart beating) donor for trans- 
plantation. It would not be until December 23, 1954, that Boston 
surgeon Joseph Murray would perform the first living donor 
transplant. He transplanted a kidney procured from 23-year-old 
Ronald Herrick for his twin brother Richard Herrick, who suf- 
fered from advanced glomerulonephritis.”’ The transplant was a 
success, and Richard Herrick went on to live for 9 years after 
transplantation before succumbing to a heart attack. 


Deceased Donors: Brain Death 
Versus Cardiac Death 


The concept of a brain dead donor was formalized in 1968 by an 
ad hoc committee at Harvard Medical School, which suggested 
revising the definition of death such that a subset of patients with 
devastating neurologic injury would be suitable for organ dona- 
tion under the dead donor rule.” The definition of brain death 
requires the complete and irreversible loss of all brain function 
including brainstem function, and is a clinically measurable con- 
dition. In donation after cardiac death (DCD or non—heart 
beating donors), patients with severe brain injuries, but who do 
not meet the clinical definition of brain death, can serve as organ 
donors after they sustain cardiac death. The potential DCD donor 
undergoes withdrawal of life-sustaining therapy and is subse- 
quently pronounced dead by his or her physician. To avoid 
obvious conflicts of interest, neither the surgeon who recovers the 
organs, nor any other personnel involved in transplantation, can 
participate in end-of-life care or the declaration of death for a 
DCD donor.” As autoresuscitation (the spontaneous return of 
circulation) has not been reported to occur after 65 seconds of 
asystole, the Institute of Medicine recommended a 5-minute 


interval between pronouncement of death and the start of organ 
procurement.*** Although there was a large increase in the utili- 
zation of DCD liver donors from 2003 to 2005, since that time 
DCD liver utilization has remained static, accounting for approxi- 
mately 6% of deceased donors liver transplants each year.’ 


Expanded Criteria Donors 


The organ shortage has driven many transplant centers to accept 
expanded criteria donors (ECD). This term, however, connotes 
a wide range of increased risk, including donors who pose a 
risk for transmitting malignancy or infection to the recipient. 
Increased infection risk refers to donors with evidence of hepatitis 
B, hepatitis C, or donors with increased risk for disease transmis- 
sion as defined by the recently updated Public Health Service 
guidelines.” 

ECD also refers to donors whose liver poses a greater risk 
for poor function than the standard donor. The exact definition 
of what constitutes a functional ECD liver donor has remained 
elusive. Whereas many studies have offered a definition,” a 
recognition that donor quality extends across a wide spectrum has 
led to the development of a donor risk index (DRI), an objective, 
quantitative, and continuous assessment of the risk of graft failure 
for a specific donor liver compared with an ideal donor.” The 
donor and graft characteristics significantly associated with liver 
allograft failure included increasing donor age, African-American 
race (compared with Caucasian donors), decreased donor height, 
nontraumatic causes of donor death, DCD donors, and split or 
partial grafts. The DRI has allowed for stratification of potential 
donors based upon the quality of the allograft. This not only facili- 
tates the transplant team’s decision regarding organ acceptance, 
but also allows for a quantitative consideration of donor-recipient 
pairing, using the DRI to describe donor quality and the MELD 
score to describe the potential recipient’s disease severity.” 

Although liver assessment and biopsy can be performed at the 
time of procurement, a particularly useful adjunct in determining 
the quality of a liver allograft in an ECD brain dead donor is the 
utilization of preprocurement bedside percutaneous liver biopsy.” 
Indications for biopsy have included advanced donor age, history 
of substantial alcohol use or abuse, positive hepatitis serologies, 
severely elevated liver function tests, obesity, and/or the suggestion 
of steatosis on an imaging study. 


Organ Procurement Operation 


Once a potential organ donor is identified and declared brain 
dead, the local organ procurement organization (OPO) begins to 
assist in the donor’s management. OPO personnel thoroughly 
assess and document the donor's history of present illness and 
hospitalization along with his/her past medical and social history. 
Testing to determine blood and HLA genotype, previous exposure 
to specific viruses and pathogens (cytomegalovirus, Epstein-Barr 
virus, HIV, hepatitis B and C virus, West Nile Virus, and syphilis) 
is obtained. For the donor liver, a list of potential recipients begin- 
ning within the local/regional distribution unit is created, and 
ranked in order of disease severity by UNOS. The donor liver is 
then offered to the highest priority candidate by notifying the 
relevant transplant center. The transplant team then accepts or 
refuses the organ based on an assessment of the donor, the recipi- 
ent, and the suitability of the match between the two. By policy, 
the transplant team has only one hour to make its decision. If the 
liver allograft is not accepted, the OPO staff then offers it to the 


transplant center of the next listed candidate until it is placed. 
During the organ allocation period, the OPO staff continues to 
actively manage the donor with the aim of optimizing organ 
quality. It is important to remember that brain dead donors are 
often hemodynamically unstable with a high potential for meta- 
bolic and electrolyte abnormalities secondary to the devastating 
brain injury. 

Once all of the organs appropriate for transplantation are 
allocated, a time is set for the organ procurement. Separate pro- 
curement teams may be deployed for each placed organ necessitat- 
ing a coordinated effort to ensure a smooth donor operation. 
Techniques for liver procurement can vary between procurement 
teams and depends on the donor type. For brain dead donors, 
many surgeons perform some dissection prior to cardiopulmonary 
arrest and infusion of cold preservation, whereas others excise the 
abdominal organs en bloc and separate them on the back table. 
For DCD donors, it is critical to remember that organ ischemia 
begins as soon as the donor becomes hypotensive and/or hypoxic 
after the withdrawal of life support. Therefore, when a DCD 
procurement begins after the pronouncement of death and the 
obligatory period to ensure the absence of autoresuscitation, the 
first goal is to expeditiously establish vascular access for flushing 
with preservation solution, followed by placing ice slush in the 
abdomen for topical cooling. Organs can then be removed indi- 
vidually or en bloc. For DCD or brain dead donors, the donor’s 
iliac artery and vein are procured as they may be used as vascular 
conduits during graft implantation. 

Once organs from either brain dead or cardiac death donors 
are excised, they are brought to the back table where additional 
flush and/or dissection can be done. The liver is then packaged 
with three barrier layers, placed in ice, and transported to the 
recipients hospital. Although modern preservation solutions have 
extended liver preservation for up to 24 hours, most surgeons 
prefer to limit the cold ischemic time to less than 12 hours, as the 
incidence of biliary strictures and graft dysfunction increases 
exponentially thereafter. 

There is now a growing interest in the role of machine perfu- 
sion as an alternative and potentially superior preservation strat- 
egy,” as opposed to cold static storage. After retrieval, the graft is 
placed on an ex vivo circuit and perfused through both the portal 
vein and hepatic artery. Multiple groups worldwide are actively 
exploring and debating the details of machine perfusion, espous- 
ing protocols that differ with respect to specific conditions of 
pressure and flow parameters, temperature (hypothermic vs. sub- 
normothermic vs. normothermic), circulating solution composi- 
tion and important additives.” The goals of machine perfusion 
extend beyond simply mitigating the organ injury incurred by 
cold static preservation and reperfusion. Rather, the hope is that 
perfusion preservation, particularly at subnormothermic or nor- 
mothermic temperatures permissive of enzymatic and metabolic 
functions, might provide an opportunity to resuscitate and/or 
rehabilitate organs with real-time assessment of organ status. As 
such, it is perceived as a highly promising approach to further 
expand the organ pool.” 


Reduced-Sized and Split Livers 


‘The size discrepancy between the typical pediatric liver transplant 
recipient, an infant or toddler, and the adult donor, necessitated 
a series of technical innovations over the past 3 decades that 
exploited the segmental anatomy of the liver and its regenerative 
capacity (Fig. 51-2). In reduced-sized liver transplantation, the 
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Right lobe 


Left ee 


Left lateral segment 


e Fig. 51-2 Anatomic segments of the liver based upon its blood 
supply. The segmental blood supply to the liver, along with its regenerative 
capacity, allows partial, split, and living donor liver transplantation. 
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e Fig. 51-3 Split liver transplantation, performed either in situ or ex vivo, 
and allows for the creation of two functional allografts. The size of the left 
lateral segment is suitable for a pediatric recipient, whereas the right lobe 
allograft is suitable for adult recipients. (Hepatic artery and bile duct are 
not shown, but course alongside the portal branches.) 


liver is procured whole. Reduction hepatectomy to achieve a graft 
of appropriate size, typically a left lateral segment (Segments 2 
and 3) ora left lobe (Segments 2-4) is then performed ex vivo (on 
the back table) and the residual liver is discarded. The first use of 
a partial liver graft was reported in 1979, albeit in the heterotopic 
position.” Five years later came the first report of a reduced-sized 
liver graft transplanted in the orthotopic position.” Reduced liver 
transplantation increased the transplant options for children but 
at the expense of the adult waiting list, as it did not increase the 
overall number of available organs. The technical advance of split 
liver transplantation whereby one liver could be divided into two 
partial grafts for successful transplantation into two recipients—a 
child and an adult—emerged in 1988” (Fig. 51-3). The liver of 
a 23-year-old man was split ex vivo following deceased donation, 
yielding an extended right lobe graft (Segments 1 and 4-8) which 
was transplanted into a 63-year-old woman with primary biliary 
cholangitis, and a left lateral segment graft (Segments 2 and 3) 
which was transplanted into a 2-year-old pediatric recipient with 
congenital biliary atresia. 

Although partial liver transplantation from deceased donors 
was the foundation that supported the development of living 
donor transplantation (see Living Donor section), living donor 
liver transplantation in turn refined split liver transplantation 
through the concept of in situ splitting.” Dissection of the vas- 
cular structures and division of the liver parenchyma in the donor 
while the liver is perfused facilitates identification of critical 
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structures, eliminates the incremental cold ischemia time incurred 
with ex vivo splitting, and mitigates the problem of reperfusion 
hemorrhage from the cut edge.” Recent data has shown that 54% 
of split grafts are performed ex vivo, with the remaining 46% 
performed in situ.” Given the infrequency with which splitting 
is performed, direct comparisons of the in situ and ex vivo tech- 
niques are limited. However, in situ split liver transplantation may 
provide superior results by limiting the prolonged cold ischemia 
times encountered with the ex vivo technique.*’*' Overall, 
although there is increased morbidity associated with a split liver 
graft, advances in surgical techniques have allowed both adult and 
pediatric recipients of split grafts to achieve excellent long-term 
outcomes.” 


Living Donor: Historic Perspectives 


The scarcity of organs that fueled surgical innovation leading to 
reduced and split liver transplantation from deceased donors simi- 
larly motivated the development of living donor liver transplanta- 
tion. The first living donor liver transplant was carried out in 1988 
by a Brazilian team.™ The donor was a 23-year-old mother who 
donated her left lateral segment to her 4-year-old daughter with 
biliary atresia. The donor was discharged home on postoperative 
day 4. The recipient developed a hemolytic reaction after a blood 
transfusion, resulting in renal failure. The recipient subsequently 
died on the 6th postoperative day during a hemodialysis session. 
The next year marked the first successful living donor transplant 
when a 15-month-old child with biliary atresia received his moth- 
er's left lateral segment.” Four years later, living donor transplan- 
tation was reported using right lobe grafts, thus ushering in the 
modern era of adult-to-adult living donor liver transplantation.*° 
Indeed, the advantages of living donation include its elective 
nature, the ability to control the timing of transplantation relative 
to the recipient's disease severity, and minimization of cold ische- 
mia time for the allograft. 


Living Donor: Preoperative 
Evaluation and Planning 


The inherent risk associated with major hepatic surgery in the 
setting of a healthy donor poses a formidable challenge even in 
the most experienced of hands. Once blood type compatibility is 
ascertained, the potential living donor undergoes a battery of tests 
to determine medical, psychosocial, and anatomical suitability. 
Formal consultation with the surgeon to better understand liver 
donation, as well as the attendant risks and benefits is undertaken, 
and a donor advocate is appointed. The latter is to ensure the safe 
evaluation and care of living donors, and is required under federal 
regulations. Donors who choose to proceed undergo radiologic 
imaging to assess their suitability for donation. Once the potential 
donor is deemed suitable based upon evaluation of their liver 
anatomy, the next steps are a thorough medical and psychosocial 
evaluation. The complete donor evaluation is then subjected to 
multidisciplinary review prior to proceeding to transplant.” 
Although some centers begin with an ultrasound with Doppler 
examination as an initial screening modality, the organ-specific 
evaluation for liver donation is largely based upon either a helical 
multiphase CT examination or MRI, both of which delineate 
parenchymal quality and vascular anatomy. The configuration of 
the biliary tree is typically visualized by either CT or MR chol- 
angiography. Calculation of graft and whole liver volume is done 
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to ensure appropriate donor graft and remnant liver volumes.””” 


Transplant centers differ in their requirement for routine versus 
selective predonation liver biopsy. It has been shown that the 
procedure can be performed with minimal morbidity.” As an 
example, one set of criteria for a selective approach requires biopsy 
for any potential donor with body mass index (BMI) greater than 
28, a history of substance abuse, family history of immune- 
mediated liver disease, or any abnormal liver test or imaging 
study.” These criteria necessitated biopsy for 22% of potential 
donors and, the authors would contend, allowed for a zero inci- 
dence of preventable aborted donor hepatectomies.”’ 

For adult-to-adult living donor liver transplantation, the right 
liver lobe (Segments 5-8) is most often procured, accounting for 
approximately 60% of the donor’s liver volume. For an adult-to- 
child liver transplantation, the left lateral segment (Segments 2 
and 3) is most often procured, accounting for 20% of the donor's 
liver (see Fig. 51-3). Historically, the left lobe (Segments 1-4) 
accounting for 35% to 40% of the donor’s liver has been used to 
achieve transplantation for older children. There is, however, a 
concerted effort to increase the use and the success of left lobes 
for adult living donor transplantation, as the left lobe, compared 
with right lobe donor hepatectomy, is associated with lower mor- 
bidity for the donor.” The size of a liver graft is estimated as a 
volume, but measured by weight. Functionally meaningful assess- 
ment of graft size takes the recipient into account, as exemplified 
by graft-to-recipient bodyweight ratio (GBWR), or graft volume 
to standard liver volume (GV/SV) ratio. The minimum acceptable 
GBWR is 0.8% which corresponds to a GV/SV of 40%. Thus, 
the canonical 70-kg recipient should receive a 560-g donor liver 
graft. The minimum graft size guidelines have been established to 
minimize the risk of small for size syndrome (SFSS).” SFSS is 
defined as a graft size smaller than the liver volume required for 
the intended recipient, and is manifested as graft dysfunction or 
nonfunction during the Ist postoperative week which is not 
attributable to other causes (i.e., rejection, infection, vascular 
complications).”° After reperfusion of a small-for-size graft, a state 
of hyperperfusion of the liver allograft ensues which leads to para- 
doxical ischemic changes within the allograft. The hyperdynamic 
portal flow, and resultant liver injury, is clinically manifested 
usually within the 1st week after transplantation with encepha- 
lopathy and/or ascites and a laboratory profile of persistent coagu- 
lopathy and worsening hyperbilirubinemia. Liver biopsies 
demonstrate periportal sinusoidal endothelial denudation with 
focal hemorrhage into the portal tract and periportal hepatic 
parenchyma, as well as areas of ischemic cholangitis and paren- 
chymal infarction.” It is, however, becoming clearer that whereas 
smaller grafts may be more vulnerable to SFSS, many recipient 
and transplant factors interplay to determine the graft outcome. 
Current strategies aimed at mitigating SFSS focus on reducing 
portal pressures through creation of portosystemic shunts, with 
or without splenectomy, at the time of liver transplantation.” 

Final preparations for donor hepatectomy include preoperative 
donation of autologous blood to minimize the small infectious 
risk associated with allogeneic blood transfusion. Intraoperatively, 
blood salvage and acute isovolemic hemodilution are routinely 
used. Hemodilution is achieved by removing two to four units of 
whole blood after the induction of anesthesia, preserving the 
blood in citrate phosphate dextrose storage bags, and using crys- 
talloid and colloid infusions for replacement of the intravascular 
volume. Acute isovolemic hemodilution has been demonstrated 
in living donor right hepatectomy to be safe and effective in limit- 


ing the use of banked blood.” 


Living Donor: Hepatectomy 


Although a left lateral segment allograft can be procured through 
an upper midline incision, right hepatic lobectomy typically 
requires either a unilateral or bilateral subcostal incision with 
midline extension. The portion of the liver to be procured is freed 
of its ligamentous attachments. Dissection of the suprahepatic 
inferior vena cava (IVC) is performed to isolate the graft’s hepatic 
venous outflow. A cholecystectomy is typically performed, fol- 
lowed by an intraoperative cholangiogram via the cystic duct to 
visualize the biliary anatomy. Hilar dissection is performed. to 
identify and isolate the hepatic artery, portal vein, and bile duct 
for the planned donor graft. Temporary occlusion of the isolated 
hepatic artery and portal vein can be done to delineate the appro- 
priate plane of parenchymal transection. To minimize blood loss 
and optimize hemostasis, parenchymal transection is often per- 
formed under reduced central venous pressures and with transient 
interruption of blood flow as needed. Intraoperative ultrasound 
can serve as a useful adjunct during the parenchymal transection 
to identify large tributaries of the portal and hepatic venous 
system. Complete parenchymal transection leaves the graft 
attached only by its biliary and vascular structures (Figs. 51-4 and 
51-5, A). The bile duct to the graft is sharply divided and the 
resulting stump is oversewn with extreme care to avoid narrowing 
the donor’s common hepatic duct. Intravenous heparin is admin- 
istered, vascular clamps are applied, vessels are sequentially divided 
(hepatic artery, then portal vein, then hepatic vein), and the graft 
is immediately flushed with several liters of preservation solution 
to remove donor blood and to achieve rapid cooling. To minimize 
ischemia time, coordination between the donor and recipient 
teams helps to ensure that the recipient hepatectomy is completed 
by the time the donor liver graft is available for transplantation 
(see Fig. 51-5, B). For the living donor, the immediate postdona- 
tion time period is focused on ensuring hemodynamic stability, 
lack of hemorrhage, and preservation of normal liver function. 
Transient rises in INR or bilirubin are often seen in the postopera- 
tive period, and should be followed until normalization. Due to 
the rapid regeneration of liver volume, aggressive phosphate reple- 
tion is of paramount importance in the living donor'” (see Fig. 
51-5, C). 

The safety of the living donor remains of utmost importance. 
The worldwide donor death rate has been estimated to range from 


Right lobe 
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e Fig. 51-4 The segmental anatomy that allows for split or partial liver 
transplantation, also allows for living donor liver transplantation. A right 
hepatectomy is depicted in the figure. In living donation, parenchymal 
transection proceeds prior to the division of the vascular structures to 
minimize ischemia to the allograft. 
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0.15% to 0.20%.'"' In a 2006 report, 13 of the 19 donor deaths 
(and one donor left in a chronic vegetative state) were directly 
attributed to the donor surgery. Two deaths were considered pos- 
sibly related to the donor surgery, and four were considered 
unlikely to have resulted from the donor surgery. Twelve patients 
involved right lobe donation, two involved left lateral segment 
donation, and six involved donation of an unknown lobe.” Mor- 
bidity following liver donation can be significant, especially for 
right lobe donors. As many as two thirds of right lobe donors 
suffer complications.*”'"’ Results from the nine adult-to-adult 
living donor liver transplantation study cohort (A2ZALL) centers 
demonstrated an overall complication rate of 38% for the study 
period of 1998 to 2003.'°° Of the 393 patients who underwent 
donation at the A2ALL centers, 148 suffered 220 complications. 
Twelve donors experienced aborted hepatectomy based on intra- 
operative findings. Of donors who successfully donated, 82 
donors (21%) experienced a single complication, 40 donors 
(10.2%) experienced two complications, 16 donors (4.1%) expe- 
rienced three complications, and 10 donors (2.6%) experienced 
four to seven complications. All complications were graded 
according to the Clavien classification’ in which Grade I com- 
plications are considered minor with complete recovery, Grade II 
complications are potentially life-threatening but do not have any 
lasting disability, Grade III complications have lasting functional 
disability, and Grade IV complications result in the need for 
transplantation or death. Of the 220 complications in the AZALL 
experience, 48% were classified as Grade I, 47% were Grade II, 
4% Grade II, and 1% Grade IV. The most common postopera- 
tive complications were infections (12.5%), biliary leak (persistent 
leak beyond postoperative day 7, 9.2%), and incisional hernia 
(5.6%). Additional complications included pleural effusion 
requiring intervention (5%), neuropraxia (4%), reexploration 
(3%), wound infections (3%), and intraabdominal abscess (2%). 
Of the donors who experienced Grade IV complications, one 
patient died from a biliary leak that led to pancreatitis and mul- 
tisystem organ failure during the initial donation hospitalization, 
whereas the other two donors died from drug overdose and suicide 
more than 1 year after donation. The average length of hospital 
stay after donation surgery was 7 days; however, 13% of donors 
required hospital readmission, and 4% required two to five read- 
missions. Interestingly, a “learning curve” effect with a threshold 
of 20 cases has been demonstrated for recipient but not donor 
outcomes. Compared with centers that have performed less than 
20 adult-to-adult living donor liver transplantations, centers that 
have performed more than 20 adult-to-adult living donor liver 
transplantations show superior transplant outcomes but compa- 
rable donor complication rates. '°”!°° 

Although laparoscopic-assisted approaches to the donor hepa- 
tectomy have been longstanding as a method to minimize the 
morbidity associated with conventional open surgery,” there 
have been recent single-center reports utilizing fully laparoscopic 
techniques for living donor hepatectomy.'°”'®’ A recent compari- 
son between open versus laparoscopic living donor hepatectomy 
demonstrated that although the laparoscopic cases required longer 
operative times, there was less blood loss, shorter lengths of stay, 
and earlier return to work for the donors. Moreover, and very 
importantly, there were no significant differences in recipient out- 
comes." Although this expertise is currently limited to select 
centers, more widespread application of minimally invasive tech- 
niques which lessen the operative risk and burden on living donors 
may allow for expansion of the living donor pool, as it has for 
living kidney donation. 
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Living Donor: Impact on the Waitlist 


Based upon the Organ Procurement and Transplantation Network 
data, of the 5921 adult and pediatric liver transplants performed 
in 2013, only 211 (3.6%) were from living donors.” At the peak 
of living donor liver transplantation in 2001, prior to the publi- 
cized report of a donor death, ''' 524 living donor transplants were 
performed. Living donation currently falls short in supplying the 
increased demands of the adult ELD population in the United 
States. 


Liver Transplantation: 
The Recipient Operation 


Once a suitable organ has been accepted for a candidate, he or 
she is brought into the hospital, unless already hospitalized. The 
liver procurement team directly communicates with the accept- 
ing surgeon regarding the suitability of the liver allograft and 
the anticipated time of organ availability to optimally time the 


e Fig. 51-5 Intraoperative photo during a living 
donor liver transplant. The liver parenchyma has 
been divided in anticipation of procurement of the 
right lobe for donation (A). The right lobe after trans- 
plantation into the recipient (B). Follow-up CT scan 
abdomen of the living donor demonstrating hyper- 
trophy of the remaining left lobe (C). 


recipient transplant procedure, and thereby minimize cold ische- 
mic time. The candidate is brought to the operating room and 
general anesthesia is induced. Coagulopathy, if severe, is corrected 
prior to placement of invasive monitoring and resuscitation lines. 
Intravenous antibiotics are then administered in preparation for 
the surgical incision, followed by induction immunosuppression. 


Recipient Hepatectomy 


Although varying incisions can be employed for entry into the 
abdominal cavity depending on the recipient’s body habitus, the 
most common is a bilateral subcostal incision with a midline 
extension to the xiphoid process (Fig. 51-6). Ascites, if present, 
are removed, and inspection to rule out surgical contraindications 
to transplantation, such as extrahepatic malignancy or infection, 
is performed. The recipient hepatectomy is then begun by division 
of the falciform ligament and subsequently mobilization of the 
suspensory ligaments of the liver. The suprahepatic and infrahe- 
patic inferior vena cava (IVC) are circumferentially exposed. The 
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e Fig. 51-6 Various incisions can be employed for liver transplantation: (A) bilateral subcostal incision 
with a midline extension to the xiphoid process; (B) right subcostal incision; and (C) bilateral subcostal 


incision (commonly utilized in pediatric recipients). 
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e Fig. 51-7 Caval interposition technique of liver transplantation requires 
removal of the recipients IVC during recipient hepatectomy via incision of 
the suprahepatic and infrahepatic IVC. This results in subsequent loss of 
systemic subdiaphragmatic venous return during the anhepatic phase. 


common bile duct is identified and divided, as are the left and 
right hepatic arteries, and finally, the portal vein is exposed. There 
are two common methods of recipient hepatectomy that then 
determine the reconstruction strategy. The liver can be removed 
with the intrahepatic segment of the recipient’s vena cava neces- 
sitating subsequent use of the donor intrahepatic IVC (caval inter- 
position technique), or alternatively the recipient vena cava can 
be left iz situ and the donor liver placed onto the recipient IVC 
(piggyback technique). "%4 

There are clearly pros and cons for each caval reconstruction 
technique. For the caval interposition technique, once the liver 
has been fully mobilized, clamps are placed on the portal vein and 
the suprahepatic and infrahepatic IVC. These structures are 
divided, and the liver explanted (Fig. 51-7). The caval interposi- 
tion technique requires less dissection than the piggyback tech- 
nique, and thus expedites the hepatectomy. However, clamping 
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e Fig. 51-8 Piggyback technique of liver transplantation allows for 
continued subdiaphragmatic systemic venous return by preservation 
of the recipient’s IVC. This technique is more time-consuming as it 
requires a meticulous dissection of the right lobe of the liver from the IVC. 
The liver is separated from the IVC at the confluence of the hepatic veins. 


of the IVC results in major fluid and hemodynamic shifts and 
necessitates massive volume-loading in preparation for the pre- 
cipitous loss of systemic venous return from below the diaphragm. 
In the piggyback technique, which is always used for living donor 
liver transplantation, the numerous small and fragile retrohepatic 
tributaries between the IVC and the caudate and right lobes of 
the liver must be meticulously divided and the hepatic veins iso- 
lated. A clamp is placed on the portal vein and the hepatic veins 
as they enter the vena cava to allow for uninterrupted systemic 
vena caval venous return (Fig. 51-8). These vessels are divided and 
the liver is explanted (Fig. 51-9). 

For those patients undergoing the caval interposition tech- 
nique, veno-veno bypass (VVB) remains an option to improve 
intraoperative hemodynamics by allowing for continuation of 
systemic venous return, with or without continuation of portal 
venous return. For VVB, cannulation of the femoral and/or portal 
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e Fig. 51-10 Depiction of complete veno-veno bypass during the 
anhepatic phase of liver transplantation. Systemic venous return via the 
femoral vein, and splanchnic venous return via the portal vein, are 
bypassed to the subclavian, axillary, or internal jugular vein. Partial bypass 
includes return of systemic venous blood alone (not shown). 


vein is performed, with flow of the systemic and/or splanchnic 
venous circulation through a third return cannula placed in the 
axillary, subclavian, or jugular vein (Fig. 51-10). The femoral 
cannula, as well as the return cannula, can be placed under direct 
visualization or percutaneously. To limit the morbidity associ- 
ated with percutaneous placement, ultrasound guidance should 
be employed.'’” The VVB technique avoids the portal venous 
congestion associated with clamping, and can help maintain 


e Fig. 51-9 Cirrhotic liver following explant (A) in comparison with the appearance of a deceased donor 
liver prior to procurement in a brain-dead donor (B). 


e Fig. 51-11 Completion of liver transplantation using the caval inter- 
position technique. The donor suprahepatic IVC (A), infrahepatic IVC (B), 
portal vein (C), hepatic artery (D), and bile duct (E) are anastomosed to 
the respective recipient counterpart. Drains are left in the subdiaphrag- 
matic space, as well as adjacent to the biliary anastomosis (F). 


hemodynamic stability during the anhepatic phase. However, 
VVB lengthens operative time and incurs potential complica- 
tions, including embolism, hemorrhage, hematoma/lymphocele 
formation, injury to arteries and nerves during cannulation, 
and fibrinolysis. >}! VVB has been demonstrated to maintain 
renal perfusion pressure during the anhepatic phase, avoiding the 
venous hypertension within the native kidneys that occurs with 
caval clamping.''” However, it remains to be determined whether 
the use of VVB alters the course of postoperative renal dysfunc- 
tion often seen after liver transplantation.''® 


Venous, Arterial, and Biliary Anastomoses 


After the recipient hepatectomy, the preservation solution within 
the donor allograft is flushed out, and the donor liver is brought to 
the operative field for implantation. Caval reconstruction is done 
first. The caval interposition technique requires two end-to-end 
anastomoses between the donor and recipient suprahepatic and 
infrahepatic cava (Fig. 51-11). The piggyback technique requires 


only a single anastomosis between the donor’s suprahepatic cava 
and the confluence of recipients hepatic veins. In this technique, 
to ensure a widely patent anastomosis, the recipient’s confluence 
of hepatic veins is often enlarged by incising onto the anterior wall 
of the IVC. The donor’s infrahepatic vena cava is then stapled or 
oversewn. For a living donor allograft, the donor hepatic vein is 
sewn to the recipient’s hepatic vein, or directly onto the vena cava. 
Once the caval anastomosis is complete, the donor and recipi- 
ent portal veins are connected, and the liver is reperfused with 
venous blood. Preoperative portal vein thrombosis occurs com- 
monly in patients with ELD. Eversion thromboendovenectomy is 
frequently used to restore adequate inflow for standard recipient- 
to-donor portal venous anastomosis. If adequate thromboendove- 
nectomy cannot be achieved, a bypass graft from the mesenteric 
circulation to the donor portal vein, most frequently using the 
donor iliac vein, can be constructed. In the event of extensive 
thrombosis of the portal system involving the portal, splenic, and 
mesenteric veins, the portal inflow of the liver allograft can be 
constructed from the systemic circulation. °? 

After venous reperfusion, attention is then turned towards arte- 
rial reconstruction where the donor hepatic artery is anastomosed 
to the recipient’s hepatic artery. Severe disease within the recipi- 
ent’s native arterial system may require implantation of the donor 
hepatic artery into an alternative site, such as the supraceliac or 
infrarenal aorta, to achieve sufficient arterial inflow. Variations 
in donor anatomy, particularly an accessory or replaced right 
hepatic artery emanating from the superior mesenteric artery, 
may necessitate back-table reconstruction to enable a single in 
situ anastomosis. 

A cholecystectomy is performed and then biliary reconstruc- 
tion is typically done using one of two methods. The first is a 
direct anastomosis between the donor and recipient common bile 
ducts (choledochocholedochostomy), with or without a T-tube. 
The alternative is to directly implant the donor bile duct into a 
loop of jejunum (choledochojejunostomy), with or without a 
stent. Choledochojejunostomy is the preferred reconstruction 
method for recipients with large-duct disease, such as primary 
sclerosing cholangitis or Caroli disease.'* Often, during biliary 
reconstruction, one can observe production of bile by the func- 
tioning allograft. In preparation for closing the abdomen, hemo- 
stasis is ensured, the abdomen is irrigated with antibiotic-containing 
solution, and closed suction drains are placed. 


Postreperfusion Syndrome 


Postreperfusion syndrome of the liver is characterized by hemo- 
dynamic instability of variable magnitude following venous reper- 
fusion. The delivery of oxygenated blood to a liver which has 
undergone cold preservation generates massive release of free radi- 
cals, endotoxin, and inflammatory cytokines, which precipitously 
reduces systemic vascular resistance resulting in hypotension. 
Moreover, the influx of lactic acid following unclamping of the 
portal circulation further contributes to the hemodynamic insta- 
bility. Postreperfusion syndrome was initially defined as a decrease 
in the mean arterial pressure to less than 70% of the baseline value 
for at least 1 minute, and to have occurred within 5 minutes of 
reperfusion. By this definition, this syndrome was noted to occur 
in up to 30% of liver transplant recipients; however, all patients 
exhibited some degree of hemodynamic instability intraopera- 
tively.” Further studies have led to a stratification of the varying 
degrees of postreperfusion syndrome, and thus classification of a 
mild and a significant form.™ Again, all patients demonstrated 
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some degrees of instability. The mild form was characterized by a 
decrease in blood pressure and/or heart rate less than 30% of the 
anhepatic levels and of short-lived duration (< 5 minutes). The 
mild form also responded to calcium chloride (1 g intravenously) 
and/or epinephrine intravenous boluses (< 100 Ug) without 
requiring the continuous infusion of vasopressor agents. The sig- 
nificant form of postreperfusion syndrome was defined as persis- 
tent hypotension (a decrease >30% of the anhepatic level), asystole, 
or hemodynamically significant arrhythmias. Recipients who 
required vasopressor infusion during the intraoperative period, or 
who had prolonged or recurrent fibrinolysis requiring antifibrino- 
lytic agents, were also considered to have significant postreperfu- 
sion syndrome. Although there was no significant difference in 
survival at 3 years between the two groups, those with significant 
postreperfusion syndrome (55% of the cohort) had a higher inci- 
dence of primary graft nonfunction requiring retransplantation, 
and had longer hospital and ICU stays, as well as longer duration 
of mechanical ventilation. Supportive care is the mainstay of 
therapy for postreperfusion syndrome, as investigation into phar- 
macologic preconditioning regimens, and variations on surgical 
reperfusion techniques to limit ischemia/reperfusion injury, have 
yet to demonstrate efficacy. 


Early Postoperative Complications 
of Liver Transplantation 


Assessment of Early Allograft Function 


Primary nonfunction (PNF) is an uncommon occurrence after 
liver transplantation, occurring in 2% to 6% of transplants." The 
actual causes of immediate graft failure are incompletely under- 
stood. However, the common final pathway of massive hepatocyte 
injury and decreased regenerative activity create immediate danger 
in the early posttransplant period. Risk factors associated with 
PNF are predominantly related to the donor and include increased 
donor age, prolonged length of stay in the intensive care unit, 
uncorrected hypernatremia, hepatic steatosis, DCD status, and 
prolonged cold preservation times. >! 

PNF is manifested clinically by elevated liver enzymes, coagu- 
lopathy, unremitting acidosis, encephalopathy, hemodynamic 
instability, and multisystem organ failure. Retransplantation is 
the procedure of choice for this surgical emergency. Although 
retransplantation for PNF was traditionally thought to have lower 
rates of patient survival,'** more recent data have demonstrated 
that retransplantation for PNF resulted in patient survival rates 
of 66% at 1 year posttransplant, 60% at 5 years posttransplant, 
and 48% at 10 years posttransplant. These outcomes were similar 


to those observed in recipients retransplanted for causes other 
than PNF. ° 


Postoperative Bleeding 


The postoperative liver transplant recipient is at high risk for 
bleeding for multiple reasons. First, patients with cirrhosis enter 
the operating room with portal hypertension, coagulopathy, and 
thrombocytopenia. Next, they undergo an extensive dissection of 
the upper abdomen and retroperitoneum to explant the native 
liver, leaving a sizable area of raw surface. The transplant neces- 
sitates multiple vascular anastomoses and upon full reperfusion 
the ischemia/reperfusion injury activates fibrinolysis. Adequate 
function of the new allograft, along with appropriate correction 
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of acidosis, coagulopathy, thrombocytopenia, and avoidance of 
hypothermia, optimizes medical hemostasis. After transplan- 
tation, evidence of brisk blood loss, hemodynamic instability, 
and/or abdominal compartment syndrome are indications for 
an emergent return to the operating room for reexploration. In 
addition, a steady and persistent need for red cell transfusions, 
particularly after correction of coagulation parameters, should also 
prompt consideration of reexploration. The goals of reexploration 
are a thorough reinspection for surgically correctable sources of 
bleeding, and evacuation of clot that can provide an ongoing 
stimulus for fibrinolysis and serve as a nidus for future infection. 


Technical Complications: Vascular 


Although complications can involve any of the vascular anasto- 
moses, hepatic artery thrombosis (HAT) and portal vein throm- 
bosis (PVT) remain the most common vascular complications 
following liver transplantation.” Whereas PVT complicates 3% 
to 7% of liver transplants, HAT is reported to complicate 4% to 
15% of liver transplants.” The latter is more frequent after pedi- 
atric liver transplantation, a direct consequence of the smaller 
diameter of the involved vessels. Other risk factors predisposing 
to HAT include inadequate inflow secondary to proximal stenosis, 
use of bypass grafts, arterial intima trauma or injury, and anoma- 
lous anatomy necessitating complex back-table arterial recon- 
struction procedures. 

The presentation of HAT is extremely varied. At one extreme, 
HAT may present with dramatic elevations of aminotransferases 
indicating severe acute allograft ischemia and/or infarction, par- 
ticularly if it occurs in the early posttransplantation period. At the 
other extreme, HAT may be clinically silent and an incidental 
finding on radiographic assessment of the allograft, particularly if 
it occurs late (more than 6 months) after transplantation. Both 
the early and late form of HAT often results in ischemia of the 
biliary tree. In the early form of HAT this can manifest as necrosis 
with an associated biliary leak and/or intrahepatic abscess forma- 
tion. In the late form of HAT, biliary ischemia often results in 
diffuse stricturing and dilatation of the biliary tree with or without 
intrahepatic abscess formation. Diagnosis of HAT is suggested 
when duplex ultrasound cannot identify flow in the hepatic artery, 
and should be confirmed by visceral angiography. The definitive 
and most common treatment for early HAT is retransplantation. 
Additional therapies for early HAT include surgical exploration 
with thrombectomy or revision of the hepatic artery anastomosis, 
and catheter-based thrombolysis or systemic anticoagulation. 
Intervention for late presentations of HAT include retransplanta- 
tion, arterial stent placement, hepatic resection of affected seg- 
ments, or nonoperative management with biliary drainage. 

Factors predisposing to PVT include pretransplant PVT, small 
portal vein size, portal vein redundancy, prior splenectomy, and 
reconstructions involving a graft or conduit. >!” PVT can present 
with elevated aminotransferases with or without acute allograft 
dysfunction, or with clinical symptoms of portal hypertension 
such as gastrointestinal bleeding or new onset ascites. Diagnosis of 
PVT is typically suggested by duplex ultrasound examination and 
confirmed on CT or magnetic resonance venography. Treatment 
of portal vein thrombosis includes open surgical thrombectomy 
with or without anastomotic revision, systemic anticoagulation, 
catheter directed thrombolysis, portosystemic shunt creation, or 
retransplantation. 

Ina large single-center study review from UCLA, which included 
4234 liver transplants from 1984 to 2007, HAT occurred in 5% 


of cases. HAT reduced overall patient and graft survival in this 
study, however, the former did not reach statistical significance.” 
In the same study, PVT occurred less often than HAT, affecting 
2% or less of deceased donor liver transplants.” However, PVT 
significantly reduced both graft and patient survival.'*’ 

Hepatic vein stenosis is rare, with a reported frequency of 2%. 
There is an increased incidence following the piggyback technique 
compared with the caval replacement technique.” Although the 
outflow obstruction can be caused by a technical error during 
reconstruction, in living transplant recipients the rapid hyper- 
trophy of the partial liver graft may cause twisting or external 
compression of the hepatic vein, resulting in outflow obstruc- 
tion.” Patients commonly present months after transplantation 
with symptoms ranging from new-onset ascites with or without 
lower extremity edema, variceal bleeding, renal insufficiency, or 
rising liver tests. Diagnosis can be suggested by conventional 
imaging modalities including US with Doppler, CT scan, or 
MRI. However, venography with pressure measurements is con- 
sidered the gold standard and should be done as a confirmatory 
test. A gradient greater than 10 mm Hg between the hepatic 
vein and the right atrium is commonly used to determine signifi- 
cance and determine necessity for intervention.'**'* Percutaneous 
intervention consisting of balloon angioplasty with or without 
stent placement offers an 80% success rate,'” although repeti- 
tive intervention may be required for durable success. Surgical 
intervention or retransplantation should be reserved for cases 
refractory to percutaneous intervention. 


Technical Complications: Biliary 


Biliary complications occur more commonly than vascular com- 
plications following liver transplantation, occurring in 10% to 
30% of whole-organ liver recipients, and can be classified as either 
leaks or strictures.'“° Partial liver transplants, such as reduced, 
split, or living donor grafts, are associated with an increased risk 
of biliary complications with a reported incidence of 10% to 60%. 
The majority of biliary complications present within the first 6 
months after transplantation. Clinical presentation is often non- 
specific, but can include abdominal pain or elevated liver tests. 
Ultrasonography is the first-line investigation of choice. Because 
of the frequent association of biliary complications with the 
presence of hepatic artery thrombosis or stenosis, concomitant 
Doppler examination is recommended. 

Biliary leaks occur less frequently than biliary strictures, 
accounting for one third of all biliary complications, and typically 
occur early in the posttransplant period.“ In recipients of DDLT, 
leaks most often occur at the site of biliary anastomosis and can 
be related to technical errors in reconstruction, or ischemic necro- 
sis of the donor common bile duct due to disruption of the ductal 
blood supply. In recipients of living donor allografts, or deceased 
donor split-liver transplants, bile can leak from the cut-surface of 
the hepatic parenchyma, in addition to the anastomotic site. 
Diagnosis can be suggested by radiographic imaging, although 
demonstration of the leak through endoscopic retrograde cholan- 
giopancreatography (ERCP), or percutaneous transhepatic chol- 
angiogram (PTC) in the setting of choledochojejunostomy, is 
essential. These diagnostic studies can frequently be combined 
with a therapeutic intervention, including sphincterotomy and/or 
stent placement, to allow for decompression of the biliary system 
and spontaneous closure of the biliary fistula. Any bilomas that 
have resulted from the bile leak should be managed with drainage. 
Large biliary fistulas in the early postoperative period may require 
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e Fig.51-12 Percutaneous transhepatic management of a choledochojejunostomy anastomotic stric- 
ture in a recipient of a living donor liver transplant. A transhepatic wire is placed into the biliary tree 
under fluoroscopic guidance across the stricture, with contrast opacification of the jejunum confirming 
passage across the anastomotic stricture (A). A transhepatic drain is left in the biliary tree across the 
stricture, with the tip of the drain in the jejunal roux limb (B). 


operative intervention with revision of the biliary anastomosis. 
Healing of a nonoperatively managed biliary fistula may result in 
late stricture formation and thus may necessitate future surgical 
biliary revision. 

Biliary strictures account for two thirds of biliary complica- 
tions after liver transplantation,'“° often presenting with elevated 
liver tests and/or abdominal pain. Biliary obstruction with ascend- 
ing cholangitis or intrahepatic abscess formation remains a serious 
complication. Whereas early anastomotic stricture is usually 
related to errors in the surgical technique, late biliary stricture 
formation is often at the level of the anastomosis, and secondary 
to ischemia. Ultrasound examination in liver transplant recipients 
has a low sensitivity (50%) in establishing a diagnosis of biliary 
stricture given the frequent lack of ductal dilatation.“ Liver 
allograft biopsies often provide the first clue if histologic findings 
of biliary obstruction and/or chronic cholangitis are present.'*° 
ERCP, or PTC in the case of choledochojejunostomy, is again 
essential to diagnose and treat a biliary stricture. The endoscopic 
approach has yielded success rates of 62% for deceased donor 
recipients, and 75% for living donor recipients. Often, more 
than one endoscopic procedure is required for resolution of the 
biliary obstruction. Recipients with anastomotic reconstruction 
using choledochojejunostomy require percutaneous transhepatic 
biliary drainage to accomplish biliary decompression, followed by 
transhepatic dilatation and stent placement (Fig. 51-12). Rare but 
serious complications associated with the transhepatic route 
include hemobilia, hepatic artery pseudoaneurysm formation, 
arterioportal fistula creation, and portal vein thrombosis.“ Failure 
of nonsurgical therapies necessitates operative intervention, which 
is more common for late than for early anastomotic strictures. 
Operative intervention entails surgical excision of the stricture, 
with conversion of the choledochocholedochotomy to a choledo- 
chojejunostomy. In cases of a preexisting choledochojejunostomy, 
revision is undertaken. 

Although anastomotic strictures are the most frequent type of 
biliary stricture in the liver transplant recipient, diffuse intrahepatic 


strictures are far more problematic. Generalized ischemia of the 
entire biliary tree is believed to be the etiologic agent leading 
to diffuse stricture disease. The latter occurs in the setting of 
hepatic artery thrombosis, prolonged cold preservation times, 
or DCD allografts. Diffuse intrahepatic strictures are associated 
with microscopic or macroscopic abscesses and commonly recur- 
rent biliary sepsis.“ Diffuse strictures are generally not amenable 
to conventional endoscopic or percutaneous therapy.“ Hepatic 
resection is occasionally curative, although retransplantation is 
typically the only true definitive treatment. 

Deceased donor liver transplantation is associated with a 15% 
to 25% biliary stricture rate'“° whereas living donor liver trans- 
plantation has a significantly higher incidence of biliary compli- 
cations (30%).'“” It remains debated as to whether the type of 
biliary reconstruction is an independent predictor of subsequent 
stricture. Retrospective reviews have demonstrated a lower stric- 
ture rate in patients undergoing choledochojejunostomy (8.3% 
for Roux-en-Y choledochojejunostomy vs. 26.6% for duct-to- 
duct choledochocholedochostomy reconstruction'“*), However, 
the duct-to-duct anastomosis was shown to have a significantly 
lower incidence of leakage (4.7% choledochocholedochostomy 
vs. 12.4% for choledochojejunostomy).'“* Additional studies, 
however, have shown no difference in the stricture rate between 
the two reconstruction approaches. '“* 


Current Outcomes of Liver Transplantation 


At the end of 2013, 15,027 patients remained on the liver trans- 
plant waitlist, 12,407 with an active status. In addition, 1767 
patients died waiting for a liver transplant, with an additional 
1223 removed from the waitlist due to being too sick to undergo 
transplant. In 2013, 5921 liver transplants were performed, 
96.4% from deceased donors and 3.6% from living donors. Of 
the liver transplants performed, 8.1% required a simultaneous 
kidney transplant. UNOS data continue to demonstrate excel- 
lent outcomes with 1-, 5-, and 10-year graft survival rates after 
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deceased donor liver transplantation of 89%, 71%, and 54% 
and living donor liver transplantation of 84%, 77%, and 59%, 
respectively.” 


Conclusion 


With advances in surgical technique, immunosuppression, and 
critical care, liver transplantation has become the management of 
choice for patients with acute and chronic liver failure, metabolic 
diseases with their primary defect residing in the liver, and unre- 
sectable primary liver tumors without evidence of extrahepatic 
spread. Advances in immunosuppression regimens have improved 
both graft and patient survival. However, side effects associated 
with chronic immunosuppression continue to cause substantial 
long-term morbidity and mortality. Innovative techniques such as 
split-liver and living donor liver transplantation, as well as donor- 
pool expansion with DCD and extended criteria donors, have 
been pursued in response to the severe shortage of donor organs. 
Indeed, it is the shortage of donor organs and the need for chronic 
immunosuppression which represent the remaining formidable 
obstacles to the greater application and durable success of liver 
transplantation. 
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SUMMARY 


Recent Progress 

e Liver transplantation has become the procedure of choice for a wide 
range of liver diseases in both adult and pediatric patients. These 
conditions range from acute or chronic liver disease, to metabolic/ 
congenital conditions, and hepatic malignancies. 

e UNOS data continue to demonstrate excellent graft survival rates. 


Key Knowledge Gaps 

e The greatest challenges facing liver transplantation remains the limited 
supply of donor organs, and the geographic disparities in access to 
organs. 


Future Directions 

e Further utilization of expanded criteria donors and living donor liver 
transplantation allows for continued expansion of the donor pool. 

e Machine perfusion may provide an opportunity to resuscitate and/or 
rehabilitate liver allografts to allow for further expansion of the donor 
pool. 

e Continued UNOS policy revisions are ongoing with efforts directed at 
reducing waitlist mortality and geographic disparity. 
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ABBREVIATIONS 


AASLD American Association for the Study of Liver Diseases 
ACR acute cellular rejection 

AMR antibody-mediated rejection 

CMV cytomegalovirus 

DSA donor-specific HLA antibody 

HAT hepatic artery thrombosis 

HCC hepatocellular carcinoma 

IL interleukin 

LT liver transplantation 

MHC major histocompatibility complex 

mTOR mammalian target of rapamycin 

PNF primary nonfunction 

PTLD posttransplant lymphoproliferative disorder 


Introduction 


Liver transplantation (LT) has become a regularly scheduled surgi- 
cal procedure throughout the developed world, and increasingly 
in the developing world as well. This transformation has led to a 
growing cohort of LT survivors. Today the LT recipient is under 
the care of a transplant management team that extends from the 
transplant center through regional specialty centers and finally to 
community practices, where care may be provided by primary care 
providers. In this chapter we will review the current practices 
focused on promotion of lifelong health that is key to successful 
outcomes after LT. 


Morbidity and Mortality 
After Liver Transplantation 


The graft survival rate at 12 months after transplantation among 
patients who received a primary liver allograft ranges from 80% 
to 87% depending on the underlying liver disease (Fig. 52-1).’ 

igure 52-1 also hints at some of the reasons for this high initial 
ie For the candidates with TT urgency, mortality was 

20% in the first 3 months. Table 52-1 lists the donor and recipient 
factors that influence patient and e survival.* The imbalance 
between the numbers of patients with life-threatening liver failure 
who might benefit from LT and the number of deceased donors, 
plus the sickest-first allocation policy mandated by U.S. federal 
regulations, has meant that transplant programs often provide 
very ill patients with less than ideal allografts. Donor factors and 


the severity of liver failure have their greatest impact in the first 
postoperative year, whereas underlying disease and adverse effects 
of immunosuppressants influence longer-term survival. 

From 1985 through 2011 approximately 100,000 persons in 
the United States received an LT. On December 30, 2011, there 
were 30,000 LT recipients who were alive and had survived for at 
least 5 years, and there were 16,000 recipients who had survived 
for more than 10 years.’ The longer survival of these LT recipients 
places them at risk of adverse effects of immunosuppressive medi- 
cations, including metabolic and cardiovascular diseases, osteopo- 
rosis, and cancer. 


Approach to the Care of the 
Liver Transplant Recipient 


The First 90 Days 


Typically, an uncomplicated LT recipient spends up to 3 days in 
the intensive care unit, and 7 tol4 days in the hospital following 
the operation. Following discharge from the hospital, blood tests 
are performed once or twice weekly initially, with the interval 
between blood tests extending as the patient recovers. 

The cause of liver dysfunction following transplantation is 
broad. However, as shown in Table 52-2, the cause of graft dys- 
function also changes as the time from tapana increases. 
Rejection of the allograft remains one of the most common causes 
of this dysfunction across all time spans after LT. Although the 
immunogenicity of the liver allograft decreases with time, it is 
greatest during the first 90 days: approximately 60% of episodes 
of acute cellular rejection (ACR) occur in this period.“ 

All liver allografts are subjected to a period of inadequate vas- 
cular perfusion during preservation, followed by reperfusion, 
which results in an ischemic-reperfusion injury. This is manifested 
by aminotransferase levels often as high as 1000 U/L in the first 
postoperative week. Typically, the aminotransferase levels start to 
recover in 1 to 2 days, along with stabilization of the international 
normalized ratio and gradual improvement in serum bilirubin 
level. Primary nonfunction (PNF) of the allograft is an umbrella 
term describing the failure of the allograft to establish normal 
function immediately after the LT. PNF is due to the combined 
effects of ischemia-repulsion and donor factors, especially mac- 
rovesicular steatosis. For this reason it is common practice to 
decline donor organs with greater than 25% macrovesicular fat 
content on pretransplant assessment. Occlusion or stenosis of the 
hepatic artery or portal vein may also present as PNF. Biliary 
strictures may also present in the early period with liver enzyme 
level abnormalities, typically in a cholestatic pattern. 
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e Fig. 52-1 Graft survival among adult liver transplant recipients in the United States in 2008: A, 
deceased donors; B, living donors; C, medical urgency. AHN, Acute hepatic necrosis; ALD, alcoholic 
liver disease; chol., cholestatic; HCV, hepatitis C virus; MELD, Model for End-Stage liver Disease. (From 
Kim WR, Lake JR, Smith JM, et al: OPTN/SRTR 2013 Annual Data Report: liver. Am J Transplant. 2015;15 


[Suppl 2]:1-28.) 


WA: Donor and Recipient Factors Associated With 
ail Graft and Patient Survival 


Donor Factors Recipient Factors 


e Donor age e Cause of liver disease 

e Hepatic steatosis e MELD score 

e Cold ischemia time e Recipient age 

e Donor-recipient sex mismatch e Female sex (for patient 

e Donor-recipient ethnicity survival only) 
mismatch e Ethnicity 

e Declared cardiac death donor e Ventilator support 


MELD, Model for End-Stage Liver Disease. 


As the first 90 days after LT is when the highest doses of 
immunosuppressive medications are used, it is also the time of 
greatest risk of infection. One must be vigilant for the onset 
of urinary tract infections, wound infections, pneumonias, 
infected intravenous cannulae, and septicemia. 


As will be discussed later, ACR does not have a characteristic 
clinical presentation. Frequent monitoring of liver tests is the 
primary method of early detection of ACR, with a liver biopsy 
the favored means for definitive diagnosis. 


Beyond the First 90 Days 


Most LT patients are healthy, albeit at risk of the adverse compli- 
cations of immunosuppression and the recurrence of the underly- 
ing disorders that lead to their LT. Table 52-3 outlines an approach 
to health maintenance in the LT recipient. Liver blood test results 
should be monitored intermittently; every 3 months is typical in 
a healthy uncomplicated LT recipient. 

According to the guidelines of the American Association for 
the Study of Liver Diseases (AASLD), all adult LT recipients 
should receive “an annual influenza vaccination (grade 1, level B); 
should avoid live virus vaccines (grade 1, level A); and should 
receive re-immunization for some vaccines, notably the pneumo- 
coccal vaccine (every 3-5 years; no class or level provided).”? 


Differential Diagnosis of Allograft Dysfunction 
According to the Time From Liver 
Transplantation 


0-7 days 


Primary allograft nonfunction 
Ischemia-reperfusion injury 
Hepatic artery thrombosis 
Acute cellular rejection 
Biliary tract abnormalities 


8-30 days Hepatic artery thrombosis 
Acute cellular rejection 
Biliary tract abnormalities 


Recurrent viral hepatitis 


31-90 days Hepatic artery thrombosis 
Acute cellular rejection 
Ductopenic rejection 
Biliary tract abnormalities 
Recurrent hepatitis 

CMV hepatitis 


Recurrence of nonviral disease 


Hepatic artery thrombosis 

Acute cellular rejection 

Biliary tract abnormalities 

Ductopenic rejection 

Recurrent viral hepatitis 

CMV hepatitis 

PTLD 

Recurrence of nonviral disease: HCC, ALD, 
autoimmune hepatitis, NAFLD 


>90 days 


ALD, Alcoholic liver disease; CMV, cytomegalovirus; HCC, hepatocellular carcinoma; LT, liver 
transplantation; NAFLD, nonalcoholic fatty liver disease; PTLD, posttransplant lymphoprolif- 
erative disorder. 


Allograft Immune Response 


T lymphocytes are the key cellular activators of the allograft 
immune response (Fig. 52-2). In recent years a contributory role 
for antibody-mediated immunity has been increasingly recognized 
in the rejection response. LT recipients differ from recipients of 
other solid organs in that the immunogenicity of the liver allograft 
declines as the successful transplant progresses. All LT recipients 
become partially tolerant of their allograft, by which is meant the 
host immune system treats the allograft as self while maintaining 
immune surveillance toward other foreign antigens. Nevertheless, 
LT recipients typically require lifelong immunosuppression. 
Activation of T lymphocytes plays a central role in the immune 
response to an allogeneic transplanted tissue. Prevention or inter- 
ruption of T-cell activation is the principal goal of post-LT 
immunosuppression of costimulatory molecules. The best charac- 
terized positive costimulatory signals are shown in Figs. 52-3 and 
52-4. Costimulatory signals differ both in their ability to increase 
or decrease T-cell activation and in their patterns of expression. 
Thereafter, soluble factors such as interleukin (IL)-2, derived from 
the activated T cells, create a milieu to propagate and augment 
responses (sometimes referred to as signal 3). T-lymphocyte acti- 
vation occurs through a cascade of stimulatory or augmentative 
signals.° The first, referred to as signal 1, arises when polymorphic 
proteins from the donor tissue, processed into peptides bound to 
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WAJ Health Maintenance for Liver Transplant 
ae Recipients 


General Annual history and physical examination 
examination 
Hypertension Blood pressure monitoring every month for the first 
6 mo, then twice a year 
Dyslipidemia Annual fasting lipid profile 
Diabetes Regular estimates of random blood glucose and 


hemoglobin A,, levels 


Renal function Annual measurement of GFR and protein-to- 


creatinine ratio 


Bone Bone mineral density before LT, then every year in 
patients with osteopenia for 5 years, and every 
2-3 yr in patients with normal BMD 


Dental Dental cleaning every 6 mo 


Annual flu vaccination 

Pneumonia-13 vaccine once 

Pneumonia-23 vaccine every 5 yr 

Hepatitis A and B series, if not completed before LT 

Tetanus, diphtheria, and pertussis as per general 
guidelines 


Immunization* 


Lungs Annual screening for lung cancer with low-dose 
computed tomography in adults aged 55-80 yr 
who have a 30 pack-year smoking history and 


currently smoke or have quit within the past 15 yr 


Skin Advice to avoid sun damage, formal dermatology 
checkup every year beginning 5 yr after LT 


Colon Colonoscopy starting at age 50 yr according to 
standard guidelines; yearly in patients with PSC/ 


CUC 


Reproductive 
health 


Mammograms, Papanicolaou tests as in the healthy 
population 


*Live vaccines should not be administered in the posttransplant patient. These include, but 
are not limited to, varicella, zoster, measles, rotavirus, yellow fever, and oral polio vaccines. 
BMD, bone mineral density; CUC, chronic ulcerative colitis; GFR, glomerular filtration rate; 
LT, liver transplantation; PSC, primary sclerosing cholangitis. 


self major histocompatibility complex (MHC) molecules on the 
surface of autologous antigen-presenting cells, are presented to the 
T-cell receptor of naive T lymphocytes. The second signal, called 
costimulatory signal 2, is required for the induction of activation of 
the naive T cells, and occurs through the interaction of costimula- 
tory molecules on antigen-presenting cells and specific receptors 
on T lymphocytes. There are several families. 

Immune injury, mediated by donor-specific HLA antibodies 
(DSAs), has emerged as an area of new understanding in rela- 
tion to LT immune response. Acute antibody-mediated rejection 
(AMR) should be understood as a component of the immune 
response rather than as a distinct entity independent of cell- 
mediated immune allograft injury. Consequently AMR overlaps 
clinically with T cell-mediated rejection.’ The presence of DSAs 
in pre-LT candidates is indicative of greater immunoreactivity 
with the liver graft, and greater risk of clinical rejection after 
transplantation.*” 


Cell membrane 


Antigen-presenting cell — 
Basiliximab, Sirolimus, 


daclizumab everolimus 


Interleukin-2 


Costimulation CD40 


CD80,86 Interleukin-15 


MHC/peptides 


NF 5-1-P receptor 
Azathioprine ES (altered 
\ lymphocyte 
= nembran A recirculation) 


e Fig. 52-2 The activation of a T lymphocyte (via a three-signal pathway) by an antigen-presenting 
cell. AP-7, Activator protein 1; CDK, cyclin-dependent kinase; IKK, inhibitor of nuclear factor x; JAK3, 
Janus kinase 3; MAP mitogen-activated protein; MHC, major histocompatibility complex; MMF, myco- 
phenolate mofetil; MPA, mycophenolic acid; mRNA, messenger RNA; mTOR, mammalian target of 
rapamycin; NFAT, nuclear factor of activated T cells; NF-xB, nuclear factor kB; OKT3, muromonab-CD3; 
PI-3K, phosphoinositide 3-kinase; S-7-P. sphingosine-7-phosphate; TCR, T-cell receptor. (From Post DJ, 
Douglas DD, Mulligan DC. Immunosuppression in liver transplantation. Liver Transpl 2005;11:1807-1314. 
Copyright 2005, American Association for the Study of Liver Disease.) 


<— Anti-IL-2r 
basiliximab 
dacluzimab 


APC 
Anti- 
thymocyte 
globulin 


signal 1 


Antigen triggers 
T-cell receptor 


<— Alemtuzumab 


e Fig. 52-3 Points of action of immunosuppressant agents to prevent T-cell activation. APC, Antigen- 
presenting cell; /L-2r, interleukin-2 receptor; MHC, major histocompatibility complex; MMF, mycopheno- 
late mofetil; MPA, mycophenolic acid; NFAT, nuclear factor of activated T cells; TCR, T-cell receptor. (From 
Larsen CP, Knechtle SJ, Adams A, et al: A new look at blockade of T-cell costimulation: a therapeutic 
strategy for long-term maintenance immunosuppression. Am J Transplant 6[5 Pt 1]:876-883, 2006.) 
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Signal 2 
Co-stimulation 
is the critical 


second signal 


Signal 3 
Propagation and 
augmentation 


of activation 


signal 1 


Antigen triggers 
A T-cell receptor 


e Fig. 52-4 A, T-cell activation involves three signals. B, T-cell costimulation. APC, Antigen-presenting 
cell; B, T-cell costimulatory pathways; CTLA-4, cytotoxic T lymphocyte-associated protein 4; /L-2r 
interleukin-2 receptor; MHC, major histocompatibility complex; TCR, T-cell receptor. (From Larsen CP, 
Knechtle SJ, Adams A, et al: A new look at blockade of T-cell costimulation: a therapeutic strategy for 
long-term maintenance immunosuppression. Am J Transplant 6[5 Pt 1]:876-883, 2006.) 
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e Fig. 52-5 Histopathologic features of acute cellular rejection. A-C, Acute cellular rejection is char- 
acterized by mixed inflammation, including activated lymphocytes targeting the bile duct epithelium (arrow 
in A) and portal vein (PV) and hepatic vein (HV) endothelia. The resulting endothelial injuries represent the 
endotheliitis scored and graded as part of the Banff rejection activity indices. D, E, Cellular rejection shows 
little or no inflammation, with the duct injury consisting of marked senescence in early cellular rejection 
(arrow in D) or a complete absence of small bile ducts (E). Note the lack of a ductular reaction, portal 


expansion, or edema (hematoxylin and eosin stains). 


Acute Allograft Rejection 


Acute cellular rejection (ACR) is a misnomer as ACR may occur 
even years after transplantation. The word acute in acute cellular 
rejection (ACR) actually alludes to a process that has not yet caused 
chronic damage to the graft, and the ductular structure, though 
inflamed, is still viable. ACR is most common in the first 90 days 
after LT, after which the immunogenicity of the LT allograft 
gradually declines.“ 

ACR has no characteristic biochemical presentation, and may 
present with any of the common patterns of liver injury.*’ Liver 
biopsy remains the gold standard for diagnosis,” with Banff 


criteria'' being the internationally accepted common grading 

system for describing features of allograft rejection. As shown in 

Fig. 52-5, characteristic histologic features of ACR include the 

following triad: 

1. mononuclear polycellular inflammatory infiltrate comprising 
abundant small lymphocytes, but also including eosinophils 

2. bile duct inflammation and injury 

3. subendothelial inflammation in portal veins and/or hepatic 
venules 

The decision to perform a biopsy is based on clinical judgment 

and on such factors as prior experience of rejection, adherence by 


WA Agents That Increase or Decrease the Blood 
52-4 


Everolimus) 


Antifungals (azoles, caspofungin) 
Antibiotics (chloramphenicol, 
clarithromycin, erythromycin 
metronidazole, isoniazid) 
Nondihydropyridine calcium channel 
blockers (diltiazem, verapamil) 
Human immunodeficiency virus 
protease inhibitors (indinavir, 
nelfinavir, ritonavir, saquinavir) 
Hepatitis C virus protease inhibitors 
(paritaprevir/ritonavir) 


Levels of Calcineurin Inhibitors (Tacrolimus 
and Cyclosporine) and Mammalian Target of 
Rapamycin Inhibitors (Sirolimus and 


Anticonvulsants/mood 
stabilizers (carbamazepine, 
phenytoin) 

Antibiotics (rifabutin, rifampin) 

Barbiturates (phenobarbital) 

Human immunodeficiency 
virus nonnucleoside 
reverse transcriptase 
inhibitors (efavirenz, 
nevirapine) 

St. John’s wort 


Amiodarone 
Grapefruit, pomegranate, pomelo, 
starfruit 


the patient to the immunosuppressive regimen, the severity of 
biochemical disturbance, and the patient’s overall well-being. 

ACR arising later in the clinical course suggests either overly 
rapid reduction in immunosuppression or lack of adherence to 
the immunosuppressive regimen. As indicated in Table 52-4, 
several agents may decrease the effective levels of calcineurin 
inhibitors or mammalian target of rapamycin (mTOR) inhibitors, 
and inadvertent administration of a medicine such as rifampin, a 
cytochrome P-450 inducer, may lead to ineffective immunosup- 
pression and, as a result, ACR. 

Initial treatment of ACR consists of high-dose intravenous or 
oral corticosteroids, which may be started before the final biopsy 
results are available.’ There is no widely agreed dosing regimen 
for corticosteroids to be used in ACR episodes. Maintenance 
immunosuppressive therapy may be maintained at prior doses or 
increased while pulse corticosteroids are administered. 

ACR that fails to respond to high-dose corticosteroids is called 
corticosteroid-resistant rejection. T cell-depleting agents are used to 
treat episodes of corticosteroid-resistant rejection. Although pre- 
vention of ACR is the purpose of immunosuppression, mild, 
easily reversible ACR, especially that occurring in the early post- 
operative period, is not harmful to the allograft.* Contrariwise, 
over-immunosuppression promotes infection, cancer develop- 
ment, and end-organ injury. 


Chronic Ductopenic Rejection 


Chronic ductopenic rejection denotes damage and eventual loss of 
bile ducts in portal tracts. Although called chronic, it can occur in 
the first few months after LT. Chronic ductopenic rejection occurs 
as a consequence of corticosteroid-resistant rejection or de novo. 

Multiple risk factors for the development of chronic rejection 
in the liver have been identified in various studies’*: 

e donor/recipient specific: non-Caucasian recipient race, chronic 
hepatitis virus infection, positive pretransplant lymphocytotoxic 
crossmatch, cytomegalovirus (CMV) infection, treatment with 
Q-interferon 
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e Fig. 52-6 Examples of C4d immunolabeling from two antibody- 
mediated rejection cases. Note the strong C4d immunolabeling of the 
endothelium of the portal microvasculature and sinusoids. 


e organ/transplant specific: a previously failed allograft, multiple 
and/or poorly controlled ACR episodes, development of anti- 
MHC antibodies after LT, matching at the class II MHC locus, 
and mismatching at the MHC class I locus 

In some cases, arteriopathy is observed on serial biopsies, and 
arteriopathic rejection is a synonym of chronic ductopenic rejection. 
It has been suggested that DSAs, persistenting after LT, contribute 
to both ACR and allograft injury, leading to ductopenic rejec- 
tion.” Ductopenic rejection is a challenging complication to treat; 
it may respond to increased doses of tacrolimus, plasmapheresis, 
and intravenous immune globulin. When all other treatment 
fails, chronic ductopenic rejection requires retransplantation. 


Antibody-Mediated Rejection 


The clinical manifestations of AMR are protean, ranging from 
typical lymphocyte predominant rejection that is poorly respon- 
sive to standard therapy to ductopenia, fibrosis, plasma cell—rich 
hepatitis, and biliary strictures.” The condition of AMR is rec- 
ognized by measurement of circulating DSAs in association with 
the identification on liver biopsy of diffuse C4d deposition in the 
portal tracts (DSA positive /diffuse C4d positive)’ (Fig. 52-6). 
The use of cyclosporine (as opposed to tacrolimus) and low cal- 
cineurin inhibitor levels are associated with increased risk of de 
novo DSA formation, whereas a calculated Model for End-Stage 
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Liver Disease score greater than 15 at LT and recipient age greater 
than 60 years are associated with lower risk. The best methods to 
prevent the onset of AMR or to treat AMR have not been defined. 
Antihumoral agents and techniques used in kidney transplant 
recipients, such as plasmapheresis, intravenous immune globulin, 
rituximab, bortezomib, and eculizumab, are most commonly used 
as multimodality regimens but the relative contribution of the 
component therapies in managing AMR is difficult to ascertain. 


Immunosuppression 


Immunosuppressive management after LT is the cornerstone of 
posttransplant care. The goals of immunosuppressive therapy in 
LT recipients are: 

e prevention of allograft rejection 

e optimization of graft function 

e minimization of side effects of the immunosuppressive regimen 
A summary of the immunosuppressive agents used after LT and 
outlines of the mechanisms of action are provided in Table 52-5 
and Figs. 52-2 and 52-3, respectively.“ 


Corticosteroids 

Corticosteroids interact with the immune system at multiple 
levels to exert their antiinflammatory and immunomodulatory 
effects. They are thus used for induction and maintenance of 
immunosuppression, and treatment of allograft rejection. They 
stabilize lysosomal membranes and inhibit lymphocyte activation 
by suppressing production of IL-1, IL-2, IL-6, tumor necrosis 
factor 0, chemokines, prostaglandins, MHC class II, and prote- 
ases. In addition, they alter antigen presentation by dendritic cells, 
reduce the levels of circulating CD4* T cells, and diminish mono- 
cyte and macrophage effectiveness. 


Nucleotide Synthesis Inhibitors 

This class of immunosuppressants includes azathioprine and 
mycophenolate mofetil-mycophenolic acid. The nucleotide syn- 
thesis inhibitors execute their immunosuppressive effects by inter- 
fering with the proliferative phase in the cell cycle, reducing the 
expansion of the population of activated T and B cells. They are 
thus also referred to as antimetabolites. Azathioprine is a purine 
analog that inhibits DNA and RNA synthesis in rapidly prolifer- 
ating cells. It also inhibits CD28 costimulation of T lymphocytes. 
Mycophenolate mofetil-mycophenolic acid is more selective, tar- 
geting inosine monophosphate dehydrogenase to specifically 
inhibit activated T and B cells. Given its better side effect profile 
compared with azathioprine along with its superior efficacy in 
preventing rejection, mycophenolate mofetil-mycophenolic acid 
has become a staple drug in both induction and maintenance 
immunosuppressive therapy after LT, thus acting asa corticosteroid- 
sparing and calcineurin inhibitor—sparing agent.” 


Calcineurin Inhibitors 

Almost all patients in the current era are maintained with cal- 
cineurin inhibitor—based regimens. This class of drug comprises 
cyclosporine and tacrolimus. Both these drugs bind intracellular 
receptors, cyclophilin and FK-binding protein, respectively, which 
in turn inhibit calcineurin. Calcineurin is responsible for dephos- 
phorylating several transcription factors essential for the tran- 
scription of cytokines, including IL-2, key to the activation of T 
lymphocytes. Calcineurin inhibitors have several major side effects 
as shown in Table 52-5. They have multiple drug interactions as 
they utilize the cytochrome P-450 system for metabolism (see 


‘Table 52-4). These medications are also associated with recurrence 
of hepatocellular carcinoma (HCC), and thus use of calcineurin 
inhibitors should be minimized in patients who have undergone 


LT for HCC. 


Mammalian Target of Rapamycin Inhibitors 

Sirolimus and everolimus are mTOR inhibitors. They cause 
diminished intracellular signaling distal to the IL-2 receptor, 
thereby arresting T-cell augmentation. The mTOR inhibitors are 
antiproliferative, and have to be avoided in the first 60 days after 
LT because of their capacity to impair wound healing. Thereafter, 
they are often an agent of choice in patients who have undergone 
LT for HCC," although this benefit may be confined to low-risk 
patients. The mTOR inhibitors may also be used instead of cal- 
cineurin inhibitors as kidney-sparing agents in patients with 
kidney failure. They are teratogenic. '’ 


Interleukin-2 Receptor Blockers 

This class of drugs comprises daclizumab and basiliximab. These 
are monoclonal antibodies that inhibit T-cell activation by block- 
ing the IL-2 receptor. They are selective in their action and have 
minimal side effects. The commercial production of daclizumab 
was discontinued in 2009. It has since been revived as treatment 
for relapsing multiple sclerosis, for which it received FDA approval 
in May 2016. 


T Cell-Depleting Agents 


Polyclonal antibodies, such as antithymocyte globulins and anti- 
lymphocyte globulins, deplete the T-cell population by opsoniza- 
tion and clearance by the reticuloendothelial system. The T 
cell-depleting agents are powerful inducers of immunosuppres- 
sion, particularly in corticosteroid-refractory rejection. Given 
their potency and nonspecific mechanism of action, they are also 
unfortunately associated with significant side effects, thus limiting 
their use. These side effects include fever, allergic reactions, serum 
sickness, thrombocytopenia, and in the longer-term, posttrans- 
plant lymphoproliferative disorder (PTLD). 


Use of Immunosuppressive Medications 


There are no universally agreed on protocols for post-LT immu- 
nosuppression. Each LT center has tended to design its own, 
according to the factors outlined in Table 52-6. Immunosuppres- 
sive therapy after LT can be divided into two phases: induction 
and maintenance. Induction therapy is undertaken with two or 
three drugs immediately after LT and is typically continued for the 
first 2 weeks to 4 weeks. A typical regimen comprises a calcineurin 
inhibitor (most commonly tacrolimus), a nucleotide synthesis 
inhibitor (most commonly mycophenolate mofetil), and a corti- 
costeroid. A bolus of intravenously administered methyl predniso- 
lone is most commonly given at the time of LT. Induction without 
a calcineurin inhibitor is used in patients with kidney failure 
before LT, and an IL-2 receptor antagonist such as basiliximab 
is often used. Maintenance therapy begins after the induction 
phase. During maintenance therapy in the first year, total immu- 
nosuppression is progressively reduced while liver biochemistry 
is monitored. Use of corticosteroids is often stopped between 
3 and 12 months after LT. Some programs maintain long-term 
low-dose prednisone therapy in recipients who underwent trans- 
plant for autoimmune indications. Many programs continue 
use of a second agent, commonly either mycophenolate mofetil 
or mycophenolic acid, which permits use of a lower dose of 
tacrolimus. 


Immunosuppressive Agents Used After Liver Transplantation 


Prednisone Corticosteroid Inhibits T-cell activation Hypertension, dyslipidemia, insulin Relative potency vs. hydrocortisone: 
through inhibition of resistance, psychiatric prednisone x 4; methylprednisolone 
cytokine production, disturbances (agitation, mania), x 5; dexamethasone x 25 
suppression of cushingoid facies, osteoporosis, | Pregnancy class D: There is positive 
prostaglandins and avascular necrosis, impaired evidence of human fetal risk but the 
leukotrienes, and wound healing, adrenal benefits from use in pregnant women 
inhibition of IL-1 and suppression, cataracts, appetite may be acceptable despite the risk 
tumor necrosis factor « stimulation, sodium retention Breastfeeding: OK, wait 4 hr 
Azathioprine Nucleotide synthesis Inhibits DNA and RNA Bone marrow toxicity, Toxic interaction with allopurinol 
inhibitor synthesis in T and B cells, hepatotoxicity, pancreatitis Pregnancy class D: There is positive 
inhibits CD28 evidence of human fetal risk but the 
costimulation benefits from use in pregnant women 
may be acceptable despite the risk 
Avoid breastfeeding 
Mycophenolate Nucleotide synthesis Inhibits DNA synthesis by Bone marrow suppression, nausea, Pregnancy class D: Women of 
mofetil— inhibitor targeting inosine vomiting, diarrhea, abdominal childbearing potential are advised to 


mycophenolic 
acid 


monophosphate 
dehydrogenase to block 
synthesis of guanosine 
nucleotides 


pain 


avoid pregnancy as mycophenolate 

mofetil is associated with increased 
risk of first-trimester pregnancy loss 
and congenital malformations 


Cyclosporine Calcineurin inhibitor Binds the intracellular Acute/chronic renal failure, Calcineurin inhibitors are metabolized 
receptor cyclophilin, neurologic effects such as by cytochrome P450 3A4. For drug 
which inhibits calcineurin headaches, seizures, and interactions, see Table 52-4 
tremors, hypertension, Pregnancy class C 
hyperlipidemia, hirsutism, Avoid breastfeeding 
gingival hyperplasia 
Tacrolimus Calcineurin inhibitor Reduces phosphatase Acute/chronic renal failure, Calcineurin inhibitors are metabolized 
activity of calcineurin, neurotoxicity , insulin resistance, by cytochrome P450 3A4. For drug 
which leads to decreased diarrhea, alopecia, electrolyte interactions, see Table 52-4 
transcription of IL-2 and disturbances, thrombotic Pregnancy class C 
resultant inhibition of microangiopathy Avoid breastfeeding 
T-cell activation 
Sirolimus/ Mammalian target of Inhibits mammalian target of Bone marrow suppression, marked Everolimus (half-life 30 hr) has greater 
everolimus rapamycin inhibitor rapamycin, which results hyperlipidemia, oral ulcers, relative bioavailability than sirolimus 
in diminished intracellular proteinuria, acne, peripheral (half-life 60 hr). Sirolimus and 
signaling distal to IL-2 edema, interstitial pneumonitis, everolimus are metabolized by 
receptor and arrested impaired wound healing (delay cytochrome P450 3A4. For drug 
T-cell replication. May initiation for 4-6 wk after major interactions, see Table 52-4 
have an antioncogenic surgery). Sirolimus, but not Pregnancy class C 
effect everolimus, carries a black-box Avoid breastfeeding 
warning for hepatic artery 
thrombosis in LT recipients 
immediately after transplant 
Basiliximab Chimeric monoclonal Antagonizes IL-2 receptor Infection, gastrointestinal upset, FDA approved for kidney transplant 
(Simulect) antibody against the with resultant inhibition of pulmonary edema/ recipients. Requires prophylaxis for 
o. chain of IL-2-mediated T-cell bronchospasm CMV infection 
heterotrimeric IL-2 activation Pregnancy class B 
receptor (CD25) 
Antithymocyte Polyclonal antibody to Includes antibodies to CD2, Fever, rash, anemia, FDA approved for kidney transplant 
globulin rabbit antithymocyte CD3, CD4, CD8, CD28, thrombocytopenia, serum recipients. Requires prophylaxis for 
globulin and T cells: depletes sickness, and nephritis CMV infection 
lymphocytes via T-cell Pregnancy class C 
apoptosis 
Belatacept Fusion protein of Fc Blocks costimulation signal 2 Increases the risk of PTLD, FDA approved for kidney transplant 
(Nulojix) fragment of human especially in the CNS; it should recipients. Requires prophylaxis for 


IgG and the 
extracellular domain 
of CTLA-4 


not be used in Epstein-Barr 
virus—naive patients 


CMV infection 
Pregnancy class C 


CMY, Cytomegalovirus; CNS, central nervous system; CTLA-4, cytotoxic T lymphocyte—associated protein 4; FDA, Food and Drug Administration; /L, interleukin; L7, liver transplant; PTLD, posttransplant 
lymphoproliferative disorder. 
Adapted from Mehta N, Hirose R. Immunosuppression: conventions and controversies. Clin Liver Dis 2013;2:188-191. 
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Complications Occurring 
After Liver Transplantation 


Persistent Portal Hypertension 
After Liver Transplant 


Most clinical manifestations of portal hypertension resolve 
quickly after LT. Although vestigial esophageal or gastric varices 
may remain, variceal hemorrhage is very rare, unless it is in the 
presence of a new source of portal hypertension such as portal 
vein thrombosis. Persistent ascites after LT is uncommon.’* An 
extended cold ischemia time and recurrent hepatitis C virus infec- 
tion are risk factors for post-LT ascites. Persistent ascites is usually 
accompanied by portal hypertension when studied by transjugular 


WAJE Factors Influencing the Choice of 
ZAE Immunosuppressive Agent 
History of severe/recurrent rejection 
Comorbidities: pretransplant renal failure; history of autoimmune 
disorders (autoimmune hepatitis, PSC, PBC) 
Potential adverse effects 
Likelihood of pregnancy 
Prior exposure to immunosuppressive agents 
History of or risk for cancers 
History of or risk for infections 


PBC, Primary biliary cholangitis; PSC, primary sclerosing cholangitis. 


pressure measurements. Post-LT ascites is initially managed by 
a low-salt diet and diuretics. However, unlike the pretransplant 
circumstance, transjugular intrahepatic portosystemic shunting 
may fail to resolve the post-LT ascites, and there are risks of liver 
failure and death." Many transplant recipients have splenomegaly 
for years after LT, and it may contribute to persistent thrombocy- 
topenia. The presence of hepatic encephalopathy after LT in the 
absence of cirrhosis of the allograft should prompt a search for a 
portosystemic shunt. 


Biliary Complications 


The bile ducts in the allograft are very sensitive to ischemia. 
Ischemic insults, particularly at the time of cold ischemia, can 
result in biliary leaks, biliary tract strictures, and bile duct stones. 
Consequently, biliary complications are more common in patients 
who receive an allograft from a cardiac death donor.”””! The risk 
of biliary complications is also higher in patients who undergo 
live donor LT.” The choledochocholedochal anastomosis is the 
most common site of stricture formation. Bile duct damage, stric- 
tures, and stones may result from hepatic artery stenosis or hepatic 
artery thrombosis (HAT), which is discussed later. Ischemic stric- 
tures are often intrahepatic, and may progress to formation of 
intrahepatic and extrahepatic biliary casts (the so-called biliary 
cast syndrome) (Fig. 52-7).”° 

Doppler ultrasonography is a useful initial test to determine 
hepatic artery patency in patients with biliary strictures after 
LT. Most strictures of the bile duct to bile duct anastomosis 
can be managed successfully with endoscopic retrograde chol- 
angiopancreatography.”’** Alternatively, in patients with a Roux 
limb, such as patients who received an LT on account of primary 


e Fig. 52-7 A, Biliary casts shown on endoscopic retrograde cholangiopancreatography. B, Biliary 
cast emerging from the ampulla of Vater seen on endoscopy. (Images courtesy of Patrick Pfau, MD.) 


sclerosing cholangitis, who develop a stricture at the choledocho- 
enterostomy, a percutaneous transhepatic cholangiography and 
stricture dilation is often successful. Biliary cast syndrome presents 
as elevated cholestatic liver enzyme levels (alkaline phosphatase 
and y-glutamy! transpeptidase), elevated levels of aminotransfer- 
ases, and eventually elevated levels of serum bilirubin. Itching 
is often a prominent symptom. Patients may also demonstrate 
features of ascending cholangitis: abdominal pain, jaundice, and 
fever. Management of biliary cast syndrome is challenging, and 
is best achieved with a multidisciplinary approach involving the 
transplant team and interventional radiology. When accom- 
panied by allograft failure, biliary cast syndrome may require 
retransplantation. 


Vascular Complications 


Arterial 

HAT, and its variant hepatic artery stenosis, may cause graft dys- 
function at any point from the perioperative period to years after 
the LT. In a systematic review the incidence of early HAT was 
4.4% (8.3% in children and 2.9% in adults).”” HAT immediately 
after LT often presents as PNF” Later it may cause abnormal 
liver enzyme levels, bile duct injury (strictures, biliary cast syn- 
drome), or sterile bile collections, often called bilomas. When 
the latter become infected, they form hepatic abscesses. Doppler 
sonography is an excellent tool to identify HAT, with sensitiv- 
ity approaching 100%.” Early HAT requires urgent interven- 
tion because of high mortality rates without revascularization 
or retransplantation. The management of biliary strictures and 
biliary cast syndrome was discussed earlier. Fever and abdomi- 
nal pain are the most common presenting symptoms associated 
with infected bilomas, but one third of patients present asymp- 
tomatically*° Whereas infected bilomas in the absence of HAT 
may resolve with percutaneous drainage and use of intravenous 
antibiotics, in the presence of HAT medical management leads 
to resolution of only a minority of infected bilomas.”° In these 
circumstances the patients need repeated transplantation or they 


will die” (Fig. 52-8). 


Venous 

Thromboses of the hepatic or portal veins are uncommon after 
LT, and present with complications of portal hypertension. 
Thrombosis of the hepatic or portal veins is managed medically 
with anticoagulation, although subsequent endoscopic, radio- 
logic, or surgical interventions may be required. 
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Metabolic Complications 


Hypertension 


Hypertension, whether essential or de novo after LT, is common 
in the LT population and is exacerbated by immunosuppressive 
medications such as corticosteroids and calcineurin inhibitors.’ 
Lifestyle modifications are fundamental to management and 
include a low sodium, high potassium diet, smoking cessation, 
weight loss, and exercise. Calcium channel blockers (nifedipine) 
and beta blockers (carvedilol) are the preferred pharmacologic 
agents as these improve calcineurin inhibitor—induced vasocon- 
striction. Unlike the nontransplant patient, ACE inhibitors likely 
have a lesser role to play in the posttransplant patient at least in 
the first year owing to low circulating levels of renin. There are 
data that suggest that ACE inhibitors and angiotensin II recep- 
tor blockers (ARBs) prevent and/or reduce calcineurin inhibitor— 
induced kidney injury.” 


Diabetes Mellitus 


In addition to the usual risk factors for diabetes mellitus, in the 
post-LT patient there are additional risk factors of diabetogenic 
medications (corticosteroids, tacrolimus), viruses (hepatitis C 
virus), and obesity.” Diabetes can be transient (typically related 
to corticosteroid use in the early posttransplant period) or persis- 
tent. Management of diabetes mellitus is similar to that in the 
general population. However, caution should be used in the 
setting of unstable graft function because many oral diabetic drugs 
are metabolized by the liver. Insulin is deemed the safest medica- 
tion under these circumstances. 


Dyslipidemia 

Although genetics and environmental factors play a role, immu- 
nosuppressive agents are the most important contributors to post- 
transplant hyperlipidemia. As with hypertension, corticosteroids 
and calcineurin inhibitors are the usual culprits. The mTOR 
inhibitors are the most potent cause of hyperlipidemia among the 
immunosuppressants’ (Table 52-7). 3-Hydroxy-3-methylglutaryl- 
coenzyme A reductase inhibitors (often referred to as statins) are 
first-line therapy. 


Obesity 

Weight gain is very common after LT because of restored well- 
being and the appetite-stimulating effects of corticosteroids.” 
Table 52-7 outlines the post-LT factors that promote the de novo 
or the exacerbation of already established metabolic syndrome 
in patients who undergo LT.’ The management of obesity and 


Factors Associated With the Clinical Features of Metabolic Syndrome 


Abdominal obesity ae = = ai = 
Dyslipidemia + + + +++ = 
Systemic hypertension a aun, T i E 
Insulin-resistant diabetes mellitus H+ ++ + = d 


HCV, Hepatitis C virus; —, absent; +, mild; ++, moderate; +++, severe. 


Reproduced from Lucey MR, et al. Long-term management of the successful adult liver transplant: 2012 practice guideline by the American Association for the Study of Liver Diseases and the American 


Society of Transplantation. Liver Transpl 2013;19:3-26. 
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e Fig. 52-8 Images of a 63-year-old man 13 years after liver transplantation who presented with abdomi- 
nal pain, vomiting, and fever. Initial CT angiography revealed hepatic artery thrombosis, which was new 
since the last imaging obtained 18 months prior. A, B, Development of biloma. C, Cholangiogram obtained 
on the day of presentation. D, Cholangiogram obtained 10 days later, showing interval development of 
an ischemic stricture. (Images courtesy of Anurag Soni, MD.) 


metabolic syndrome in LT recipients mirrors that in the general 
population. In circumstances where the patient is unable to lose 
weight, bariatric surgery may be considered, although experience 
is limited.” 


Cardiovascular Disease 


The risk factors for cardiovascular disease after LT include sys- 
temic hypertension, diabetes mellitus, obesity, hyperlipidemia, 
and tobacco use. Cardiovascular events account for 21% of deaths 
among LT recipients who survive for more than 3 years after 


transplantation.’ ! As shown in Table 52-7, many of the immuno- 
suppressive medications increase the risk of cardiovascular disease. 
To reduce the cardiovascular risk profile, each of the individual 
risk factors must be addressed, such as cessation of tobacco use, 
control of hypertension, and euglycemia, and the immunosup- 
pressive regimen must be carefully tailored. 


Renal Disease 


Kidney failure after LT often arises on account of the combined 
effects of medications, diabetes, hypertension, and intrinsic kidney 


disease. During the first 10-years after LT, kidney failure needing 
maintenance dialysis arises in up to 8% of recipients.” Further- 
more, kidney failure arising in LT recipients accounts for 1.0% of 
all kidney transplants in the United States.** The injurious effects 
of calcineurin inhibitors can be reduced if the dose of the calci- 
neurin inhibitor is reduced or use of the calcineurin inhibitor is 
stopped, often with replacement by mycophenolate or an mTOR 
inhibitor.” Such reductions run the risk of precipitating ACR, 
which affected 13% of patients in one study. Use of mTOR 
inhibitors is contraindicated in the presence of proteinuria. 


Metabolic Bone Disease 


LT recipients are at increased risk of bone mineral loss, occur- 
ring in two overlapping phases. In the first 4 months after LT, 
almost all recipients experience bone loss.” This is attributed to 
postoperative exposure to corticosteroids, although calcineurin 
inhibitors may exacerbate bone loss. After 4 months, in LT recipi- 
ents with normal allograft function, bone mineral density starts 
to increase and the frequency of fractures declines. In this phase, 
bone mineral density is the most important factor determining 
fracture risk, and the incidence is highest in patients who have 
undergone LT for chronic cholestatic disease. One single-center 
series suggested that during a mean radiologic follow-up of just 
over 5 years, 25% of patients who underwent LT for chronic cho- 
lestatic liver disease developed de novo fractures.’ The AASLD 
guidelines recommend that along with vitamin D and calcium 
supplementation, bone mineral density should be measured annu- 
ally in osteopenic patients and every 2 to 3 years in patients with 
normal bone mineral density in the early years. Later screening 
depends on risk factors.’ Frank osteoporosis should be treated 
with bisphosphonates.’ 


Posttransplant Malignancies 


The incidence of malignancy is much higher in posttransplant 
patients compared with the general population.” Several factors 
contribute, including loss of immunologic surveillance of onco- 
genic clones, effects of cancer-promoting viruses, and direct car- 
cinogenic effects of immunosuppressive medications. Among the 
immunosuppressive medications, the mTOR inhibitors have anti- 
proliferative and therefore antioncogenic effects and may be ben- 
eficial choices in LT patients. Studies establishing a benefit are 
lacking, but many programs have adopted mTOR inhibitors for 
patients who have received an LT for HCC once the initial recov- 
ery interval has passed. 


Skin Cancers 


Melanoma and nonmelanoma skin cancers together account for 
approximately half of the malignancies seen in the post-LT popu- 
lation.” It is thus advised that, starting at 5 years after LT, all 
posttransplant patients should undergo dedicated skin checks 
annually (see Table 52-3).° For patients with a history of skin 
cancer before LT, close follow-up should begin at 1 year after LT. 
In addition, LT recipients, particularly fair-skinned patients, 
should avoid sun damage by wearing sunblock, long sleeves, and 
a hat when in the sun. 


Posttransplant Lymphoproliferative Disorder 

PTLD is a B-cell lymphoma arising in immunosuppressed 
patients. In many cases, PTLD is associated with Epstein-Barr 
virus infection of B lymphocytes, either due to primary infection 
or from reactivation. However, a negative Epstein-Barr virus PCR 
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does not preclude the diagnosis of PTLD. Risk factors include 
Epstein-Barr virus seronegativity status of the recipient, young 
age, and intensity of immunosuppression.” More than half the 
cases of PTLD occur within the first year.’ PTLD presents with 
nonspecific constitutional symptoms such as fatigue, anemia, 
weight loss, or fever. PTLD may arise in the allograft and may 
be discovered during the work-up of elevated liver enzyme levels. 
The diagnosis is made by histopathologic evidence of lymphop- 
roliferation and confirmation is by flow cytometry. The World 
Health Organization classification system describes four major 
histopathologic subtypes,” which likely represent the spectrum 
of PTLD: 

1. early hyperplastic lesions 

2. polymorphic lesions 

3. monomorphic lesions 

á. classic Hodgkin-type lymphomas 

Current treatment strategies for PTLD all begin with reduction 
of immunosuppression. Additional therapy is on a case-by-case 
basis and includes some combination of anti—B-cell monoclonal 
antibodies and/or cytotoxic chemotherapy to destroy lymphoma 
cells, antiviral therapy to eliminate Epstein-Barr virus, and surgi- 
cal excision for localized disease. 


Solid Organ Malignancy 


Because solid organ cancers account for approximately one third 
of posttransplant de novo malignancies, as outlined in Table 52-3, 
screening for cancer is an integral component of regular post- 
transplant health maintenance.’ Cigarette smokers, often patients 
who have undergone LT for alcoholic liver disease, are at increased 
risk of cancers of the aerodigestive tract.” Patients who receive 
an LT for primary sclerosing cholangitis are at risk of colorec- 
tal cancer if they have concomitant chronic ulcerative colitis.’ 
Female LT recipients must be carefully monitored for human 
papillomavirus—associated cervical cancer.“ Patients who have 
had an HCC in their explanted liver are at risk of recurrence. In 
one single-center series of 268 patients with HCC who received 
an LT, 51 (19%) experienced recurrence, 6% in the first year, and 
13.5% within the first 3 years. Thus patients who have undergone 
LT for HCC need serial surveillance for recurrence for the first 
5 years.“ If the alpha fetoprotein level was significantly elevated 
before treatment of HCC and thereafter returned to the normal 
range, monitoring of the alpha fetoprotein level is a useful adjunct 
to surveillance with cross-sectional imaging techniques.” 


Infectious Disease Complications 


Posttransplant patients are at increased risk of both common and 
opportunistic infections. Risk factors that have been identified 
include high-dose immunosuppression, marked debility, poor 
baseline nutritional status, and the catabolic effect of a major 
operative procedure.“ Like many hospital in-patients, LT recipi- 
ents are at increased risk of nosocomial infections, specifically 
catheter-associated urinary tract infections, central line—associated 
bloodstream infection, ventilator-associated pneumonia, surgical 
site infections, and Clostridium difficile enterocolitis. 

Table 52-8 shows the opportunistic infections that are 
common after LT, and provides advice on prophylactic strate- 
gies to prevent their occurrence in LT recipients. The causative 
agents include Pneumocystis jiroveci pneumonia, CMV, fungal 
infections such as by Candida and Aspergillus species, and tuber- 
culosis. CMV is the most significant pathogen on this list, on 
account of its frequency of infection and protean manifestations. 
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TABLE 
52-8 


Prophylactic Strategies for Common Organisms That Affect Liver Transplant Recipients 


CMV (donor positive/recipient Valganciclovir (900 mg/day), oral ganciclovir 3-6 mo Valganciclovir is not FDA approved for LT recipients. 
negative) (3 gm/day), or ganciclovir intravenously Prolonged-duration regimens are effective in 
(5 mg/kg/day) kidney transplant recipients. 
CMV (recipient-positive) Valganciclovir (900 mg/day), ganciclovir oral 3 mo Valganciclovir is not FDA approved for LT recipients. 


or intravenous, or weekly CMV viral load 
monitoring and antiviral initiation when 
viremia is identified 


Fungi Fluconazole (100-400 mg daily), itraconazole 4-6 wk? (optimal Reserve for high-risk individuals (pretransplant fungal 
(200 mg twice daily), caspofungin (70 mg duration colonization, renal replacement therapy, massive 
on day 1 followed by 50 mg daily), or unknown) transfusion, choledochojejunostomy, reoperation, 
liposomal amphotericin (1 mg/kg/day) repeated transplant, or hepatic iron overload). 

Pneumocystis jiroveci Trimethoprim-sulfamethoxazole (single 6-12 mo (optimal A longer duration of therapy should be considered for 

(previously known as strength daily or double strength three duration patients receiving augmented immunosuppression. 
Pneumocystis carinii) times per week), dapsone (100 mg daily), unknown) Lifelong therapy should be considered for 
or atovaquone (1500 mg daily) HIV-infected LT recipients. 
Mycobacterium tuberculosis Isoniazid (300 mg daily) 9 mo 


(latent infection) 


CMY, Cytomegalovirus; FDA, Food and Drug Administration; H/V. human immunodeficiency virus; L7, liver transplant. 


CMV-seronegative recipients of CMV-seropositive donor organs 
are at the highest risk of infection, and should receive prophylaxis 
with ganciclovir or valganciclovir for a minimum of 3 months 
after transplant.“ Furthermore, the AASLD guidelines recom- 
mend that “the treatment of LT recipients with CMV should 
be maintained until viremia and all symptoms have resolved.”’ 
Prophylaxis against CMV infection should be resumed whenever 
LT recipients receive antilymphocyte therapy for the treatment 
of rejection and should be continued for 1 to 3 months after the 
treatment of rejection. The treatment of a CMV infection in indi- 
viduals with mild to moderate disease, without gastrointestinal 
involvement or a reduced capacity for absorption, should consist 
of reduction of immunosuppression, plus high-dose intravenous 
ganciclovir therapy or oral valganciclovir therapy for 2 weeks at 
least, but also until all symptoms have resolved. Patients who have 
progressive disease despite high-dose ganciclovir therapy may have 
resistant virus. The next step is genotypic analysis and consider- 
ation of foscarnet. 

Prophylaxis against Pneumocystis jiroveci pneumonia with 
trimethoprim-sulfamethoxazole has led to reduction in morbidity 
and mortality after LT. 

The risk factors for fungal infection after LT include fungal 
colonization, and linked to the latter extended intensive care 
before LT, receipt of more than 40 units of blood products in the 
operative period, the presence of a choledochojejunostomy, a 
history of hepatic iron overload, and postoperative renal replace- 
ment therapy. Patients who require early reoperation after LT or 
retransplantation are at higher risk of fungal infection. Fortu- 
nately, the most common infection, that due to Candida species, 
is controllable with reduction in immunosuppression and use of 
appropriate agents (Table 52-9). Invasive aspergillosis, on the 
other hand, is often lethal. Early diagnosis and initiation of appro- 
priate therapy is a prerequisite to recovery. Aspergillus infection is 
especially difficult to diagnose with noninvasive testing and 
may require diagnostic biopsy for pathologic and microbiologic 


confirmation.’ A high index of suspicion is necessary to recognize 
fungal infections such as Cryptococcus infection, blastomycosis, 
coccidiomycosis, and histoplasmosis in LT recipients. 


Reproductive Health 


After a successful LT, menstruation and ovulation return in 90% 
of physiologically capable women often within 1 or 2 months.’ 
Pregnancy in an LT recipient carries increased risks for both the 
mother and the baby. Maternal risks include hypertension and 
preeclampsia. Fortunately, maternal death is rare and not more 
frequent than in the general population.” Pregnancies that survive 
the first trimester may proceed to a live birth, albeit with a greater 
incidence of prematurity and/or low birth weight.” According to 
National Transplant Registry guidelines, women who have under- 
gone LT should postpone pregnancy until at least 1 year after LT, 
and once the allograft function has stabilized with immunosup- 
pression at a low maintenance level. Their medical comorbidities 
should also ideally be under good control.“ 

According to the AASLD guidelines on treatment of LT recipi- 
ents, pregnancy in an LT recipient should be managed by a high- 
risk obstetrician in coordination with the transplant hepatologist.’ 
Stable medication regimens should be continued during preg- 
nancy with as little alteration as possible, and close maternal and 
fetal surveillance are required.*° There is no single best immuno- 
suppressive protocol for LT recipients who are pregnant. Patients 
taking mTOR inhibitors and mycophenolic acid or mycopheno- 
late mofetil are advised to avoid pregnancy on account of their 
teratogenic potential.“ The aim is to maintain stable allograft 
function on minimum immunosuppression, while liver enzyme 
levels are monitored frequently. With LT there is no specific con- 
traindication for vaginal delivery. 

No particular method of contraception is favored.“ There are 
few data on male sexual function after LT. LT rarely restores 


TABLE 
52-9 
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Preferred Antifungal Agents for Use in Liver Transplant Recipients 


Candida Triazoles (fluconazole, Itraconazole, voriconazole, and Candida glabrata and Candida krusei may be resistant to triazoles 
posaconazole), echinocandins (e.g., caspofungin, micafungin, (especially fluconazole). Differentiate colonization from infection. 
and anidulafungin), or amphotericin B and analogs The duration of therapy differs with the site of infection. 

Aspergillus Triazoles (voriconazole is the drug of choice; itraconazole and The duration of therapy is dependent on the response to therapy. 
posaconazole are also active), caspofungin, or amphotericin 
B and analogs 

Cryptococcus Amphotericin B and analogs in combination with 5-flucytosine Cautiously reduce immunosuppression. Patients with isolated 
for 2 wk followed by fluconazole for 6-12 mo pulmonary disease may not require amphotericin induction. The 

duration differs with the response. 

Blastomycosis Itraconazole for mild to moderate disease and amphotericin B The standard duration is 6-12 mo. 
and analogs for severe disease 

Coccidiomycosis Fluconazole, itraconazole, or amphotericin B and analogs Amphotericin should be used for more severe disease and should 

be considered when there is central nervous system 
involvement. The standard duration is 6-12 mo, with chronic 
suppression thereafter. 

Histoplasmosis Itraconazole or amphotericin B and analogs for 2 wk of 


induction followed by itraconazole for 12 weeks (acute 


infection) or 12 months (chronic cavitary pulmonary lesion) 


potency in patients with erectile dysfunction before transplanta- 
tion. Sildenafil and similar agents are safe to use after LT.” 


Repeated Transplantation 


‘The indications for repeated transplantation are not different from 
those that apply before a first LT. The key driver in an LT recipient 
is the presence of life-threatening liver disease. This may occur at 
any time after the first LT, although the first postoperative week 
is the time of greatest risk. Patients who require repeated trans- 
plantation in the immediate postoperative period on account of 
PNF or HAT are eligible for special status on the waiting list in 
the United States, as for patients with severe acute liver failure. 
Whereas repeated LT is usually due to the spectrum of conditions 
that lead to liver failure in the native liver, PNF, HAT leading to 
biloma, and biliary cast syndrome associated with HAT or dona- 
tion after cardiac death are conditions unique to the LT 
recipient.” ™ Allograft rejection is a comparatively rare cause of 
allograft loss leading to repeated transplantation. Curiously, 
whereas the outcome for patients who undergo repeated trans- 
plantation for PNF is good, the outcome of repeat transplantation 
for other indications is worse than that for first LT.” The preop- 
erative evaluation of a patient under consideration for repeat 
transplantation is similar to that before primary first LT: consid- 
eration of the prognosis of the liver condition, assessment of 
health, including cardiopulmonary status, and the presence of 
cancer or infection. The annual number of retransplantation cases 
done per center does not influence outcomes.” A review of the 
United Network for Organ Sharing database suggests that the 
Model for End-Stage Liver Disease score works equitably for both 
primary and repeated LT wait-listed candidates.” 


Conclusion 


LT has become a regularly scheduled surgical procedure through- 
out the developed world, and increasingly in the developing world 


as well. This transformation has led to a growing cohort of LT 
survivors. Although the perioperative period remains the period of 
greatest risk for the recipient, the focus of clinical management has 
shifted from the patient just surviving the perioperative period to 
maintenance of the patient’s well-being for the next 20 years and 
beyond. This long-term perspective requires a balancing of the 
competing needs for control of rejection by immunosuppression 
and minimization, and, where necessary, treatment of the deleteri- 
ous consequences of immunosuppressive medicines. Treatment of 
the LT recipient is further complicated by the risk of recurrence 
of the original liver disorder and the ever-present risks associated 
with growing older. 


SUMMARY 


Recent Progress 
e Recognition of AMR in LT recipients 
e Reducing posttransplant ill-health by reducing total immunosuppression 


Key Knowledge Gaps 

e Lack of a simple reproducible measure of immune status 

e Deficiencies in understanding the complex interaction of cellular 
rejection and AMR after LT 


Future Directions 

e Reducing the need for LT by preventing death from end-stage liver 
disease 

e Improving survival in the first year after transplantation 

e Better understanding of allograft tolerance 
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ABBREVIATIONS 


AR acute rejection 

AIH autoimmune hepatitis 

ALD alcoholic liver disease 

CMV cytomegalovirus 

Cl confidence interval 

DAA direct-acting antiviral 

DDLT deceased donor liver transplant 
DRI donor risk index 

ESLD end-stage liver disease 

HBIG hepatitis B immunoglobulin 
HBcAg hepatitis B core antigen 

HBeAg hepatitis B e antigen 

HBsAg hepatitis B surface antigen 

HBV hepatitis B virus 

HCC hepatocellular carcinoma 

HCV hepatitis C virus 

HDV hepatitis D virus 

HIV human immunodeficiency virus 
HLA human leukocyte antigen 

HR hazard ratio 

HVPG hepatic venous pressure gradient 
IBD inflammatory bowel disease 

LDLT living donor liver transplant 

LT liver transplantation 

MELD Model for End-Stage Liver Disease 
MMF mycophenolate mofetil 

NAFLD nonalcoholic fatty liver disease 
NASH nonalcoholic steatohepatitis 

PBC primary biliary cholangitis 

PSC primary sclerosing cholangitis 

SVR sustained virologic response 
SVR12 sustained virologic response at week 12 
UDCA ursodeoxycholic acid 

UNOS United Network for Organ Sharing 


Introduction 


Liver transplantation (LT) is a well-established therapy for patients 
with complications of acute liver failure and complications of 
cirrhosis, including small hepatocellular carcinoma (HCC). The 
advances in surgical techniques, donor and patient selection, 
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immunosuppression, and management of recurrent disease have 
contributed to the improvements in graft and patient survival 
over the past 3 decades. The average 1-year, 5-year, and 10-year 
graft survival across all indications for LT are approximately 85%, 
65%, and 50%, respectively (Fig. 53-1).’ Recurrence of the liver 
disease in the transplanted graft is frequent (Table 53-1) and can 
contribute to reduced graft and patient survival. Understanding 
the natural history of recurrent disease and the factors contribut- 
ing to the risk of severe recurrence is key to modifying the impact 
of recurrence on graft survival. Advances in the management of 
recurrent diseases, most notably recurrent hepatitis B and C, in 
recent years have contributed to improved long-term graft and 
patient survival for patients with these diseases. 


Hepatitis B and Liver Transplantation 


Of the estimated 400 million people worldwide with chronic 
hepatitis B virus (HBV) infection, approximately 15% to 40% 
may develop complications including cirrhosis, decompensation, 
and HCC.’ The clinical scenarios in which LT is considered fall 
into three major categories: (1) decompensated cirrhosis, (2) acute 
or acute-on-chronic hepatitis B, and (3) HBV-related HCC 
within the Milan criteria where resection is not feasible. Among 
transplant programs in North America and western Europe, HBV 
accounts for 5% to 10% of the total transplants performed.’ In 
other areas of the world where HBV is endemic (i.e., South Asia 
and East Asia), it is the leading indication for LT. In the United 
States the number of patients undergoing LT for HCC as the 
primary indication has increased and the number with end-stage 
liver disease has declined in the past 2 decades.’ The advent of 
safe and highly effective nucleoside/nucleotide analogs that sup- 
press HBV replication is likely responsible for the reduced propor- 
tion of patients with decompensated cirrhosis requiring LT.’ The 
upward trend in the proportion of patients undergoing LT for 
HBV-associated HCC likely reflects the more delayed impact of 
antiviral therapy on HCC risk” and the increasing use of LT for 
the treatment of small HCC with the prioritization of patients 
with HCC for LT (Fig. 53-2). 

In the early era of LT, hepatitis B was viewed as a controversial 
indication because of the high frequency of severe and progressive 
recurrent HBV infection and early graft failure. In the 1980s and 
early 1990s, U.S. Medicare and Medicaid as well as a number of 
private insurers refused to cover the costs of LT for chronic hepa- 
titis B. However, with the advent of therapies to prevent and/or 
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treat recurrent HBV infection, LT became an acceptable treat- 
ment for patients with end-stage cirrhosis and/or small HCC due 
to HBV infection, with excellent long-term survival achieved.'° 


Natural History After Liver Transplantation 


The early experience with LT in HBV-infected patients revealed 
a high rate of reinfection and accelerated progression of disease 
after LT, which resulted in 5-year survival rates of less than 
50%.'''* The availability of prophylactic therapies—first, hepati- 
tis B immunoglobulin (HBIG), and later, oral nucleoside/ 
nucleotide analogs such as lamivudine, adefovir, entecavir, and 
tenofovir—transformed the outcomes of patients with HBV 
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e Fig. 53-1 Graft and patient survival for deceased donor liver trans- 
plant recipients in the United States (all indications). Unadjusted 
3-month, 1-year, 5-year, and 10-year graft and patient survival rates 
among all deceased donor liver transplants in the United States from 1999 
to 2008. (From Thuluvath PJ, et al. Liver transplantation in the United 
States, 1999-2008. Am J Transplant 2010;10:1003-1019.) 


Summary of Recurrent Liver Diseases 


infection undergoing LT. In a retrospective study of HBV-infected 
adults undergoing primary LT in the United States between 1987 
and 2002, the 1-year survival probability improved from 71% in 
1987 to 1991 to 87% in 1997 to 2002, and the 5-year survival 
rate increased from 53% in 1987 to 1991 to 76% in 1997 to 
2002 (Fig. 53-3). Similarly, the European experience shows tem- 
poral improvement in patient survival among HBV patients 
regardless of transplant indication (Table 53-2)." The progressive 
improvement in survival rates paralleled the availability of thera- 
peutic interventions to prevent and treat HBV infection in trans- 
plant recipients.“ A more contemporary U.S. multicenter 
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e Fig. 53-2 Incidence rates of end-stage liver disease, cirrhosis, and 
hepatocellular carcinoma among waiting list registrants for transplant 
for hepatitis B virus—related liver disease. In the last 2 decades there has 
been a significant decline in decompensated cirrhosis as an indication for 
liver transplantation in HBV-infected patients in the United States, which 
probably reflects the benefits of antiviral therapy in prevention and treat- 
ment of HBV-related cirrhosis. ESLD, End-stage liver disease; HCC, hepa- 
tocellular carcinoma. (From Kim WR, et al. Trends in waiting list registration 
for liver transplantation for viral hepatitis in the United States. Gastroen- 
terology 2009;137:1680-1686.) 


Hepatitis B 40-65% without prophylaxis ~80% without prophylaxis Hepatitis B immunoglobulin 
Nucleoside/nucleotide analogs 
Hepatitis C Universal without treatment Universal without treatment Direct-acting antivirals 
Primary biliary cholangitis ~25% ~45% Ursodeoxycholic acid decreases liver enzyme levels; no 
improvement in patient/graft survival 
Primary sclerosing <1% ~10% Ursodeoxycholic acid decreases liver enzyme levels; no 
cholangitis improvement in patient/graft survival 
Autoimmune hepatitis ~20% ~40% Sufficient immunosuppression with long-term use of 
azathioprine or MMF with or without steroids 
Nonalcoholic fatty liver ~33% ~50% Weight loss (consideration of restrictive bariatric surgery) 
disease Vitamin E, if steatohepatitis 
Glycemic control 
Alcoholic cirrhosis Unknown Unknown Multidisciplinary efforts to prevent and treat alcohol abuse 


MMF, Mycophenolate mofetil. 
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e Fig. 53-3 Comparison of survival after liver transplant between recipients infected with hepatitis B 
virus and those with other diagnoses. A, Survival probability for 1987 to 1991; B, survival probability for 
1992 to 1996; C, survival probability for 1997 to 2002. The 1-year survival probability in patients undergo- 
ing liver transplant for HBV infection improved from 71% in 1987 to 1991 to 87% in 1997 to 2002, and 
the 5-year survival probability increased from 53% in 1987 to 1991 to 76% in 1997 to 2002. HBV, Hepatitis 
B virus. (From Kim WR, et al. Outcome of liver transplantation for hepatitis B in the United States. Liver 


Transpl 2004;10:968-974.) 


Change Over Time of Death/Graft Loss in Hepatitis B Virus-Infected Liver Transplant Recipients 


Decompensated HBV Cirrhosis 

Cause of Death/Graft Loss 1988-1995 (N = 946) 
Disease recurrence (%) Pi) 
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Adapted from Burra P, Germani G, Adam R, et al. Liver transplantation for HBV-related cirrhosis in Europe: an ELTR study on evolution and outcomes. J Hepatol 2013;58:287-296. 


experience with LT in 170 HBV-infected patients who underwent 
LT between 2001 and 2007 reported a 5-year survival rate of 85% 
or greater,’ and from 2002 to 2011 the U.S. Scientific Registry 
of Transplant Recipients found that among HBV-infected adults 
who underwent LT for HCC, the 5-year graft survival rate was 
93%.'° Thus the survival of HBV-infected LT recipients is among 
the highest for adults with cirrhosis of all causes undergoing LT.” 

Natural history studies from the era before the use of prophy- 
lactic therapies showed that the level of HBV DNA at the time 
of LT was the principal factor affecting the posttransplant risk for 
recurrent infection. In the landmark study by Samuel et al.'° of 
372 European hepatitis B surface antigen (HBsAg)-positive 
patients who underwent LT from 1977 to 1990 (with and without 
HBIG prophylaxis), the 3-year actuarial risk of recurrence of HBV 
infection was highest (83%) in those with HBV-related cirrhosis 
with a serum HBV DNA level of 10° copies per milliliter or 
greater at time of LT, intermediate in those without detectable 
HBV DNA or hepatitis B e antigen (HBeAg) (58%), and lowest 
in those with hepatitis D virus (HDV) coinfection (32%) or 
fulminant HBV infection (17%) (Fig. 53-4). 

In the current era of routine use of prophylactic therapies 
to prevent HBV infection, recurrence of HBV infection after 


LT is infrequent'*”' but is still most consistently associated with 
the levels of HBV DNA before LT.” The presence of drug- 
resistant HBV before LT!*!?*4 and recurrence of HCC” with 
HBV replication in tumor cells possibly serving as a source for 
recurrence of HBV infection have also been associated with higher 
rates of failure of prophylactic therapy. In a recent large single- 
center study of 185 consecutive LT recipients for HBV-related 
liver disease, pretransplant HBV DNA level, presence of HCC, 
antiviral treatment status, and posttransplant viral resistance were 
identified as the major risk factors associated with recurrence of 
HBV infection after LT.” 


Pathology of Hepatitis B After 
Liver Transplantation 


In general, the histopathologic findings of recurrent HBV infec- 
tion in a liver allograft are similar to those in a nontransplanted 
liver with HBV, with acute and chronic pathologic features 
seen.” In addition, a unique variant form of severe recurrent 
HBV infection termed the fibrosing cholestatic variant can rarely 
occur. This histologic variant is generally unique to HBV in the 
transplant setting, with case reports in renal and bone marrow 
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transplant recipients as well as LT recipients,” ”' with only one 


case report of a nontransplant patient treated with immunosup- 
pressive therapy.” 

In the absence of prophylactic therapy, the earliest manifesta- 
tions of recurrent HBV infection include cytoplasmic and nuclear 
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e Fig. 53-4 Actuarial risk for recurrence of hepatitis B virus infection 
as indicated by the reappearance of hepatitis B surface antigen accord- 
ing to initial liver disease and pretransplant viral replication status. 
Among 372 European hepatitis B surface antigen (HBsAg)-positive 
patients who underwent liver transplant from 1997 to 1990 (most without 
prophylaxis), the 3-year actuarial risk of recurrence of hepatitis B virus 
(HBV) infection was highest (83%) in those with HBV-associated cirrhosis 
(HBV-C) and an HBV DNA content of 10° copies per milliliter or greater at 
the time of transplant, intermediate in those without detectable HBV DNA 
or hepatitis B e antigen (HBeAg) present (68%), and lowest in those with 
hepatitis D virus coinfection (HDV-C) (82%) and fulminant HBV infection 
(F-HBV) (17%). F-HDV, Fulminant hepatitis D virus infection. (From Samuel 
D, et al. Liver transplantation in European patients with the hepatitis B 
surface antigen. N Engl J Med 1993;329:1842-1847.) 


expression of hepatitis B core antigen (HBcAg) in hepatocytes 
seen by immunostaining 2 weeks to 5 weeks after LT, typically in 
the absence of hepatocyte necrosis or inflammation." Acute hepa- 
titis, which develops on average 8 weeks to 10 weeks after LT, is 
manifested histologically as diffuse hepatocyte ballooning and 
lobular disarray with spotty hepatocyte necrosis.” A portal- 
based mononuclear infiltrate of varying severity is seen. There is 
a gradual increase in the percentage of hepatocytes containing 
both nuclear and cytoplasmic HBcAg, especially during the evolu- 
tion of acute disease to chronic disease.” Ground-glass cells are 
infrequently seen during the acute and early phase of infection.” 
There is no significant bile duct damage or endothelial injury, thus 
making the distinction between early recurrent HBV infection 
and acute cellular rejection relatively straightforward. In a small 
percentage of patients, a severer hepatitis with bridging and sub- 
massive necrosis is seen and, before the availability of antiviral 
therapy, was typically associated with rapid progression to cir- 
thosis or graft loss.”* 

Over time the changes associated with acute hepatitis evolve 
into those of chronic hepatitis, with portal-based inflammation 
and fibrosis and the presence of piecemeal necrosis and ground- 
glass cells, typically in inverse proportion to the necroinflamma- 
tory activity.” The inflammatory infiltrates are predominantly of 
the plasma lymphocytic type (Fig. 53-5, A). Immunohistochemi- 
cal studies reveal HBcAg in the cytoplasm and nucleus of a large 
number of hepatocytes (see Fig. 53-5, B). Overall, the histologic 
features in the chronic phase of infection are the same as those in 
nontransplant patients except for the rapidity of progression over 
time. Evolution to recurrent cirrhosis can occur within 2 years in 
the absence of antiviral therapy.” 

As previously mentioned, fibrosing cholestatic HBV is an 
infrequent form of recurrent HBV infection that is seen only in 
immunosuppressed patient populations. Unique histologic fea- 
tures include extensive hepatocyte ballooning, marked ductular 
reaction and cholestasis, pericellular and portal fibrosis, and a 
paucity of inflammatory infiltrates (Fig. 53-6, A).”* High levels 
of viral replication are present as evidenced by high levels of 
expression of HBcAg and HBsAg in the liver (see Fig. 53-6, B), 


tory infiltrates are predominantly of the plasma lymphocytic type. B, Immunohistochemical studies reveal 
that hepatitis B core antigen is detectable in the cytoplasm and nucleus of a large number of hepatocytes. 
(Photomicrographs courtesy of Linda Ferrell, University of California, San Francisco.) 
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histologic features include extensive hepatocyte ballooning, marked ductular reaction and cholestasis, 
pericellular and portal fibrosis, and a paucity of inflammatory infiltrates. B, High levels of viral replication 
are present as evidenced by high levels of expression of hepatitis B core antigen and hepatitis B surface 
antigen in the liver. (Photomicrographs courtesy of Linda Ferrell, University of California, San Francisco.) 


thus lending support to the concept of a direct cytopathic form 
of liver injury. Biochemical features include a markedly abnormal 
serum bilirubin level and prothrombin time but only modest 
increases in serum aminotransferase levels and signs of progressive 
liver failure. In the absence of antiviral therapy, the outcome is 
rapidly fatal.” 


Prevention of Recurrent 
Hepatitis B Virus Disease 


Historically, recurrent HBV infection after LT led to rapidly pro- 
gressive disease with graft losses in 50% of patients within 5 
years.'' Before the availability of nucleoside/nucleotide analogs, 
the focus of HBV infection management was on preventing rein- 
fection with use of HBIG. Now, although effective antivirals are 
available to treat recurrent HBV infection, the primary manage- 
ment strategy is still to prevent recurrence of HBV infection. A 
combination of HBIG and nucleoside/nucleotide analogs is most 
frequently used.’™” In the past 2 decades, multiple single-center 
and multicenter studies have established the high efficacy of this 
combined approach.'“°“° However, HBIG is costly and incon- 
venient for long-term use, so protocols that use lower doses, a 
shorter duration, and nonintravenous routes of administration 
have evolved.**”” Additionally, the availability of antivirals with 
high potency and a very low resistance risk, such as entecavir and 
tenofovir, has led to use of nucleoside/nucleotide analogs alone 
for prophylaxis.” 

Posttransplant recurrence of HBV infection was historically 
defined by reappearance of HBsAg in serum.” In the early HBIG 
prophylaxis era, this signaled a failure of prophylaxis and was 
accompanied by quantifiable HBV DNA and later by clinical 
and histologic evidence of recurrent HBV disease. However, in 
the current era of long-term use of nucleoside/nucleotide analogs, 
recurrence of HBsAg in serum may occur without quantifiable 
HBV DNA. The former indicates the presence of recurrent infec- 
tion in the transplanted liver, but the lack of quantifiable HBV 
DNA is consistent with adequate suppressive therapy. Addition- 
ally, HBsAg that is detectable in serum without HBV DNA has 


been described in patients receiving prophylaxis who develop 
recurrent HCC. In this scenario the tumor rather than an infected 
allograft is hypothesized to be the source of HBsAg. Thus although 
prevention of HBV reinfection has always been the goal of pro- 
phylaxis, the high efficacy of nucleoside/nucleotide analogs in 
suppressing HBV DNA after transplant and preventing graft loss 
has led to less concern about recurrence per se (as defined by the 
presence of HBsAg in serum), because recurrent disease is gener- 
ally controllable with antivirals such as entecavir and tenofovir. 
However, once recurrence occurs, the risk of drug resistance and 
progressive hepatitis in the graft is always a concern, particu- 
larly in patients with adherence issues, or those with multidrug- 
resistant HBV for whom long-term suppressive therapies may be 
less available. For these reasons the optimal prophylactic therapy 
is one that prevents rather than suppresses graft reinfection (i.e., 
achieves negative HBsAg and undetectable HBV DNA in serum 
after LT). 


Pretransplant Antiviral Treatment 


The most consistent predictor of post-LT prophylaxis failure is the 
level of HBV DNA at the time of LT. Thus before LT, antiviral 
therapy should be started in all patients with indications for LT 
and detectable HBV DNA. The goals of pre-LT antiviral treat- 
ment are to achieve an undetectable HBV DNA level before LT 
and to minimize the risk of emergence of resistant viral strains; 
the preferred drugs are tenofovir and entecavir.’”“* Lamivudine, 
telbivudine, and adefovir are not ideal first-line agents in this 
setting, given the high rates of resistance and, in the case of adefo- 
vir, the risk of nephrotoxicity.” However, in resource-constrained 
situations, lamivudine—when given for a limited duration of 
treatment before transplant to minimize the risk of resistance— 
may be an acceptable low-cost option.” 

The collective experience with entecavir and tenofovir indicates 
high efficacy and safety in patients with decompensated cirrhosis. 
Ina study that included 120 patients with advanced fibrosis treated 
for 48 weeks, entecavir resulted in undetectable HBV DNA levels 
in 91% of HBeAg-positive patients and 96% of HBeAg-negative 
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patients versus 57% of HBeAg-positive patients and 61% of 
HBeAg-negative patients treated with lamivudine.” In a study of 
70 treatment-naive patients with decompensated cirrhosis, 75% 
of HBeAg-positive patients and 98% of HBeAg-negative patients 
achieved HBV DNA suppression after 1 year of therapy.” Teno- 
fovir disoproxil has a favorable safety profile and high antiviral 
potency with the absence of resistance with treatment periods of 
up to 6 years.” Use of tenofovir in patients with decompensated 
cirrhosis was initially reported via case reports only” until 45 
patients with decompensated cirrhosis were treated as part of a 
phase 2, double-blind randomized study.” Treatment discontinu- 
ation due to side effects was infrequent (6.7%), and at week 48 
of treatment, the level of HBV DNA was less than 400 copies 
per milliliter in 71% of patients, there was normalization of the 
alanine aminotransferase level in 57% of patients, and HBeAg loss 
or seroconversion occurred in 21% of patients.” Some experts also 
advocate the use of de novo combination therapy, such as tenofovir- 
emtricitabine, to further minimize the risk of resistance; however, 
data to support this approach are lacking. In the only study to 
compare these agents directly, 112 patients with HBV and decom- 
pensated liver disease were randomized to receive entecavir, teno- 
fovir, or tenofovir-emtricitabine.”* The rates of viral suppression to 
less than 400 copies per milliliter by 48 weeks were 73%, 71%, and 
88% respectively and a decrease in the Child-Turcotte-Pugh score 
of at least 2 units was achieved in 42%, 26%, and 48% of patients 
respectively.” Importantly, serious adverse events and frequency of 
death (9%, 4%, and 4% respectively) were comparable between 
all three treatment groups (entecavir, tenofovir, and tenofovir- 
emtricitabine), with no reports of lactic acidosis in any study 
patients.” 

For patients with lamivudine-resistant HBV infection, the 
use of tenofovir or tenofovir-emtricitabine is recommended.” 
Before the approval of these agents, adefovir was the preferred 
drug, and in a multicenter, open-label study of 128 patients 
awaiting LI—98% of whom had lamivudine-resistant HBV 
infection—81% achieved an undetectable HBV DNA level after 
48 weeks of treatment with adefovir, with a mean change in 
serum HBV DNA of —3.5 logio copies per milliliter.” Although 
there are no studies of tenofovir or tenofovir-emtricitabine in 
lamivudine-resistant HBV infection in patients with decompen- 
sated cirrhosis, their use in this population is supported by data 
in patients with compensated cirrhosis.” 

Safety is a major concern with any drug in patients with 
decompensated cirrhosis, many of whom have concurrent renal 
dysfunction. In a report of 16 patients with cirrhosis and chronic 
hepatitis B treated with entecavir, five patients, all of whom had 
a baseline Model for End-Stage Liver Disease (MELD) score of 
20 or higher, developed lactic acidosis between 4 days and 240 
days after treatment initiation." Lactic acidosis is a listed potential 
side effect of all nucleoside/nucleotide analogs, and patients with 
decompensated cirrhosis may be a higher-risk group. In a small 
follow-up study, development of lactic acidosis was again noted 
after initiation of entecavir therapy in a patient with decompen- 
sated cirrhosis.“ The frequency and magnitude of lactic acidosis 
were not different from those in similar untreated controls, sug- 
gesting that the perceived safety signal may be related to the 
natural history of decompensated cirrhosis as opposed to enteca- 
vir.’ Regardless, awareness of this potential complication in 
patients with decompensated cirrhosis is necessary. Additionally, 
all approved antiviral drugs for HBV infection require dose adjust- 
ment in the setting of renal dysfunction (creatinine clearance less 
than 60 mL/min). 


Prophylactic Therapy 


Historical Perspective 


Early studies using HBIG monotherapy for prevention of graft 
reinfection after LT demonstrated that 81% to 86% were free of 
recurrence of HBV infection at 2 years when high-dose HBIG 
was used to maintain hepatitis B surface antibody (anti-HBs) 
titers higher than 500 IU/L.***’ With the subsequent approval of 
lamivudine and later adefovir, the combination of HBIG and a 
nucleoside/nucleotide analog became established at the standard 
of care for HBV-infected LT recipients in the mid-1990s. 404663 
Three meta-analyses have clearly demonstrated the superiority of 
HBIG plus lamivudine over HBIG alone, with a reduction in 
posttransplant recurrence of HBV infection by 62% to 81% with 
the combination regimen.” °° For the past 2 decades the use of 
the combination of HBIG and nucleoside/nucleotide analogs 
has prevailed as the primary management strategy, with a more 
individualized approach to prophylaxis used in recent years 
(Fig. 63.7) 

The need for lifelong prophylactic therapy is supported by 
findings of HBV DNA and covalently closed circular DNA in 
serum, peripheral blood mononuclear cells, and/or liver of patients 
without serologic evidence of recurrence of HBV infection. 977° 
Of 25 patients who received HBIG and lamivudine combination 
therapy continuously after LT and remained HBsAg negative, 
HBcAg was found in 4 (16%) by immunochemical staining of 
liver biopsy specimens.” In two studies that included 66 patients 
without evidence of recurrence of HBV infection, total HBV 
DNA and HBV covalently closed circular DNA was detected in 
the posttransplant liver biopsy specimens of 23 (35%) and 11 
(17%) of patients, respectively.” Although there may be a subset 
of patients in whom HBV infection has been completely eradi- 
cated after LT and/or whose own immune system can control the 
infection without prophylaxis,” thus far the diagnostic tools to 
identify this group of patients are limited. Evaluation of total and 


Drug factors 
e Genetic barrier to resistance 

e Antiviral potency 

e Single vs. combination therapy 


Patient factors 
e. HCC 
e Nonadherence 


Viral factors 
e HBV DNA level at transplant 
e HBsAg level at transplant 
e Presence of drug-resistant HBV 
e HDV coinfection 
e HIV coinfection 


HBIG + antivirals 
vs. 
antivirals alone 


(HBIG-free) 


e Fig. 53-7 Patient, viral, and drug factors influencing the choice of the 
prophylactic regimen. HB/G, Hepatitis B immunoglobulin; HBsAg, hepa- 
titis B surface antigen; HBV, hepatitis B virus; HCC, hepatocellular carci- 
noma; HDV, hepatitis D virus; HIV, human immunodeficiency virus. (From 
Fox AN, Terrault NA. The option of HBIG-free prophylaxis against recurrent 
HBV. J Hepatol 2012;56:1189-1197.) 
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covalently closed circular DNA detection in liver tissue may be 
helpful in identifying patients who may be able to undergo pro- 
phylaxis withdrawal.” However, further study is required to fully 
understand how to incorporate such tests into posttransplant 
decision making. 


Overview of Prophylactic Strategies 


Prophylactic therapy should be individualized. Patient/provider 
preference, viral factors, and antiviral efficacy contribute to the 
decision regarding what prophylactic approach is best suited for 
a given patient (see Fig. 53-7). The availability of antivirals with 
a high barrier to resistance, such as entecavir and tenofovir, allows 
consideration of prophylaxis with antivirals alone or in combina- 
tion with shorter-duration HBIG. With the goal of achieving 
lifelong protection of the graft against recurrence of HBV infec- 
tion, identification of patients at higher risk of prophylaxis failure 
may guide clinicians in identifying those who would benefit from 
the combination of HBIG and antivirals versus an antiviral-only 
approach (Table 53-3).***?””* The data used to support this 
approach are from studies examining prophylaxis in all patients 
and identifying higher-risk patients on the basis of predictors of 
prophylaxis failure. Higher-risk patients are those who may be 
nonadherent to use of antivirals, those without alternative treat- 
ment options if resistance to antivirals develops (e.g., preexisting 
multidrug-resistant HBV), or HBsAg reappears (e.g., HDV coin- 
fection), and possibly those with high HBV DNA levels at the 
time of LT (e.g., acute HBV infection). 


Prophylaxis Using Hepatitis B Immunoglobulin Plus 
Nucleoside/Nucleotide Analog Therapy 

Initial combination therapy studies used lamivudine in combina- 
tion with HBIG but recurrence rates of 5% to 15% were seen 
after a median of 2 years of follow-up,” leading to substitution 
of antivirals with a higher barrier to resistance, such as tenofovir 
and entecavir. In a study comparing the efficacy of HBIG and 
entecavir combination therapy versus HBIG plus lamivudine,” 
the rate of HBV DNA recurrence was 0% in the HBIG plus 
entecavir group versus 11% in the HBIG plus lamivudine group 
(p < 0.05), but there was no difference in overall survival between 
the two groups.” The latter is not surprising, as rescue therapy 


Prophylactic Therapies for Hepatitis B 
Virus-Infected Liver Transplant Recipients 


Low Risk 

No known drug resistance 

Undetectable or low HBV DNA 
levels at transplant 

Adherent 


Short-term HBIG therapy plus 
indefinite use of oral antiviral 
drugs ==% 

Oral antiviral drugs alone?” 109° 


Higher Risk 


Preexisting drug resistance 

High HBV DNA levels (210° IU/mL) 
at transplant 

HIV coinfected 

HDV coinfected 

Repeated transplant 

Nonadherent 


Longer-term HBIG therapy plus 


indefinite use of oral antiviral 
driga a ,116,127,128,134 


HBIG, Hepatitis B immunoglobulin; HBV, hepatitis B virus; HDV, hepatitis D virus; HIV human 
immunodeficiency virus. 


with tenofovir can be instituted for those in whom HBIG plus 
lamivudine therapy fails. However, with the goal of preventing 
infection rather than managing recurrent disease, the combination 
of HBIG and entecavir or tenofovir prevents recurrence of HBV 
infection rates close to 100% (Table 53-4).'*”**' A recent system- 
atic review reported a rate of recurrence of HBV infection of only 
1% of patients treated with entecavir or tenofovir plus HBIG (⁄ 
= 303) compared with 6.1% in patients treated with lamivudine 
plus HBIG (7 = 1889).® Thus when resources are not limiting, 
use of HBIG plus entecavir or HBIG plus tenofovir regimens is 
preferred for those patients requiring long-term combination 
prophylaxis. 

For patients receiving long-term HBIG therapy, more conve- 
nient routes of administration can be considered. Most published 
studies used intravenously administered HBIG, in part related to 
the high doses of HBIG administered with early protocols. 
However, with use of lower doses, the intramuscular or subcutane- 
ous routes are an option. Two large studies with a total of 261 
HBV-infected transplant recipients using intramuscularly admin- 
istered HBIG administered at doses of 400 IU to 800 IU daily 
for the first week, then monthly thereafter, and in combination 
with lamivudine, achieved an actuarial risk for recurrence of HBV 
infection of only 1% at 1 year and 4% at 5 years in one study” 
and 14% at 1 year and 15% at 2 years in the other study.“ In 
both studies the most important predictor of recurrence of HBV 
infection was an HBV DNA level of more than 10° copies per 
milliliter (200,000 IU/mL) at the time of transplant.” Several 
studies of modest sample size report that subcutaneously admin- 
istered HBIG for long-term HBV prophylaxis is safe, well 
accepted, associated with high compliance, and effective in main- 
taining adequate anti-HBs levels.**** Given the significantly lower 
cost and comparable efficacy of low-dose intramuscularly or sub- 
cutaneously administered HBIG compared with high-dose intra- 
venously administered HBIG,” the lower-dose nonintravenous 
route is preferred for patients receiving HBIG therapy in combi- 
nation with nucleoside/nucleotide analogs (see Table 53-3). 

There are many published retrospective studies of discontinu- 
ing HBIG and using long-term treatment with nucleoside/ 
nucleotide analogs alone in patients who were treated initially 
with a combination of HBIG and nucleoside/nucleotide analogs 
after LT.*°' Additionally, several prospective studies used this 
approach. 9°% In a recent prospective trial, 40 LT recipients 
treated initially with emtricitabine-tenofovir plus HBIG for 6 
months were randomized to receive continued HBIG plus 
emtricitabine-tenofovir therapy versus emtricitabine-tenofovir 
therapy alone.” No patient in either arm experienced recurrence 
at 72 weeks or 96 weeks of follow-up.” In a prospective but uncon- 
trolled study of 47 patients (2 with detectable HBV DNA at the 
time of LT) treated with HBIG plus nucleoside/nucleotide analogs 
for a median of 46 months after LT, HBIG use was discontinued 
and patients were maintained with nucleoside/nucleotide analogs 
only (23 with lamivudine plus adefovir, 5 with lamivudine plus 
tenofovir, 10 with tenofovir, and 9 with entecavir).”* Three patients 
developed detectable HBsAg but no patients developed detectable 
HBV DNA or clinical signs of HBV disease.” These studies high- 
light how antivirals with a high barrier to HBV resistance provide 
a highly effective prophylactic strategy in patients with adequate 
adherence. Further, this approach is cost-effective.” 

Several studies have examined the use of HBV vaccination 
as an alternative to HBIG. The studies were heterogeneous in 
terms of dose, type, and timing of HBV vaccination after discon- 
tinuation of HBIG use but the overall response rates to HBV 
vaccination were low, with anti-HBs titers greater than 100 IU/L 
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WAIE Prevention of Hepatitis B Virus Recurrence After Liver Transplant With Entecavir or 


iai Tenofovir Plus Hepatitis B Immunoglobulin 


Xi et al.” PC 30 1600 IU/day IM until negative anti-HBs/800/ ETV NA 0 0 
wk IM according to anti-HBs levels 
Hu et al.” RC 67 HBIG at low dose on demand ETV NA 2 3 
Ueda et al. RC 26 10,000 IU/day IV for 5 days/1000 IU ETV 25.1 0 0 
according to anti-HBs levels 
Degertekin PC 13 4 groups: (1) high-dose HBIG IV (10,000 IU ETV or TDF (with or 42 0 0 
et al.'® daily for 6days, and monthly thereafter); without LAM or ADV) 
(2) low-dose HBIG IV (3000-6000 IU 
monthly or 10,000 IU every 2-6 mo); 
(3) HBIG IM (1000-1500 IU every 1-2 mo); 
(4) finite HBIG therapy: HBIG therapy 
discontinued after various periods 
Cai et al.” RC 63 4000 IU/day IM/400 IU/day IM for another ETV (2 patients with ETV 41.2 0 0 
week then according to anti-HBs levels plus TDF) 
Teperman RCT 33 NA TDF plus FTC 24 0 0 
et al.’ 
Perrilo PC 60 NA TDF plus FTC 18 0 0 
et al.” 


ADV, Adefovir dipivoxil; anti-HBs, hepatitis B surface antibody; ETV entecavir; FTC, emtricitabine; HB/G, hepatitis B immunoglobulin; /M, intramuscularly; /U, international units; /V intravenously; LAM, 
lamivudine; NA, not available; PC, prospective cohort; RC, retrospective cohort; RCT, randomized controlled trial; 7DF tenofovir. 
Adapted from Cholongitas E, Papatheodordis GV. High genetic barrier nucleos(tjide analog(s) for prophylaxis from hepatitis B virus recurrence after liver transplantation: a systematic review. Am J 


Transplant 2013; 13:353-362. 


developing in approximately 6% of patients after discontinuation 
of HBIG use. ©1721% Thus HBV vaccination in lieu of HBIG 


cannot be recommended. 


Prophylaxis Using Long-Term Nucleoside/Nucleotide 
Analog Therapy With and Without Short Duration 
Hepatitis B Immunoglobulin Therapy 


An alternative prophylactic strategy is the long-term use of 
nucleoside/nucleotide analogs alone or in combination with a very 
short duration HBIG therapy (see Table 53-3).74% In a multi- 
center, prospective study from New Zealand/Australian centers, 
combined lamivudine and adefovir therapy was initiated at the 
time of LT listing and continued after LT, with intramuscularly 
administered HBIG given at a dose of 800 IU immediately after 
transplant and daily for 7 days, then stopped.” At the time of LT 
the median HBV DNA level was 80 IU/mL (range undetectable 
to 100,000 IU/mL). After a median follow-up of 57 months after 
LT, all patients who received an LT were alive without HBsAg or 
HBV DNA recurrence.” These results show that a short course 
of HBIG therapy coupled with long-term antiviral therapy using 
drugs with a high barrier to resistance may be an effective and less 
costly approach to prophylaxis. 

HBIG-free prophylactic regimens have been used, with 
nucleoside/nucleotide analog therapy being started before LT and 
continued after transplant without HBIG therapy. In a study from 
Hong-Kong, in 362 patients treated with oral antivirals alone 
(176 with lamivudine, 142 with entecavir, and 44 with combina- 
tion therapy predominantly lamivudine with adefovir) and fol- 
lowed up for a median of 53 months after LT, the 1-year, 3-year, 
5-year, and 8 year rates of virologic relapse (>1 log IU/mL increase 


in HBV DNA level) were 5%, 10%, 13%, and 16% respec- 
tively.” Another study from the same group examined 80 con- 
secutive HBV-infected patients treated with entecavir only who 
received an LT, 74% of whom had viremia going into the trans- 
plant with a median HBV DNA level of 3.5 log copies per mil- 
liliter, and only 18 patients (22.5%) were HBsAg positive at the 
time of the last follow-up and none had detectable HBV DNA.” 
Further, in a study examining histologic outcomes in LT recipi- 
ents receiving oral antiviral therapy alone, patients with serum 
HBsAg positivity without virologic rebound were not associated 
with histologic evidence of HBV-related hepatitis after LT. The 
Hong Kong experience highlights the effectiveness of HBIG-free 
prophylactic regimens when antivirals with a high barrier to resis- 
tance are used. This approach is less costly than prophylaxis using 
HBIG plus oral antivirals and is convenient for patients and 
providers. No studies have compared prophylaxis with very short 
duration HBIG therapy plus long-term oral antiviral therapy with 
antiviral therapy alone. Collectively, these differing HBV prophy- 
laxis regimens support an individualized approach to HBV pro- 
phylaxis that takes into consideration the patients characteristics 
(pretransplant HBV DNA levels, presence of coinfections, and 
adherence) as well as the availability and cost of antiviral drugs 


and HBIG. 


Treatment of Recurrent Hepatitis B Virus Disease 


Given the safety, tolerability, and efficacy of current prophylactic 
therapies for the prevention of HBV reinfection, recurrence of 
HBV infection after LT is uncommon. In patients in whom recur- 
rence develops despite optimal prophylaxis, long-term suppressive 
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therapy is required to prevent progressive fibrosis and graft loss. 
Lifelong antiviral therapy prolongs graft survival,'>'* and with 
current antiviral options graft loss from recurrent HBV disease is 
very infrequent. Given the need for long-term therapy, a drug or 
drug combination with a low likelihood of treatment failure due 
to HBV resistance is desirable, and monitoring of HBV DNA 
levels at regular intervals is needed. 

The limitations of suboptimal antiviral therapy after LT are 
highlighted by the previous experience with lamivudine. High 
rates of lamivudine resistance, approaching 40% after 1 year to 5 
years of follow-up, were seen with posttransplant lamivudine 
monotherapy.” Several reports have demonstrated the emer- 
gence of multidrug-resistant HBV strains.''*"'? Preexisting viral 
variants, as well as the selection of mutations during exposure to 
sequential antiviral therapies and HBIG, contribute to the emer- 
gence of complex multidrug-resistant HBV.''? Because the com- 
plexity of management of recurrent HBV infection is greater in 
the setting of multidrug-resistant HBV, choosing drugs with a 
high barrier to resistance as first-line drugs in the transplant 
setting is the best strategy. 

For transplant recipients with lamivudine resistance, there is 
cross-resistance with the other nucleoside analogs telbivudine and 
emtricitabine and reduced efficacy of entecavir. Thus for patients 
with resistance to lamivudine or any of the nucleoside analogs, 
the only treatment options are the nucleotide analogs adefovir 
and tenofovir (Table 53-5).??7?'"'°"!8 Combination therapy 
is recommended once drug resistance has been documented to 
minimize the risk of subsequent treatment failure and the devel- 
opment of multidrug-resistant HBV.“ The largest post-LT study 
of combination antiviral therapy for patients with recurrent HBV 
and lamivudine resistance involved 241 patients treated with ade- 
fovir plus lamivudine; 78% achieved undetectable serum HBV 


DNA by week 144.” Adverse events of any kind resulted in 
discontinuation of treatment in only 4% of patients.” Published 
experience with the use of tenofovir is limited but one study 
that included eight lamivudine-resistant patients who received 
tenofovir reported that seven of the patients (88%) had undetect- 
able HBV DNA levels after a median follow-up of 19.3 months 
(range 14 months to 26 months).”' Given its high potency against 
HBV in the nontransplant setting, tenofovir is preferred for treat- 
ment of patients with recurrent HBV infection and nucleoside- 
resistant HBV (see Table 53-5). 07)? Pets 

All five oral antiviral treatments for HBV—the two nucleotide 
analogs (adefovir and tenofovir) and the three nucleoside 
analogs (lamivudine, entecavir, and telbivudine)—are primarily 
renally eliminated and therefore dose reductions and/or increased 
dose intervals are required in patients with renal insufficiency. "° 
A decrease in renal function has been observed in patients treated 
with tenofovir or entecavir, ™” an outcome LT recipients are 
already at higher risk of because of exposure to calcineurin inhibi- 
tors for immunosuppression. It is therefore of interest that two 
recent studies have shown that use of telbivudine in either the 
pretransplant’ or the posttransplant” setting is associated with 
improvement in renal function. However, telbivudine is not a 
preferred antiviral because of the risk of resistance and associated 
side effects of myopathy and polyneuropathy.” 


Management of Hepatitis B 
in Special Populations 


Human Immunodeficiency Virus—Coinfected Patients 


Treatment of patients with HBV and human immunodeficiency 
virus (HIV) coinfection is similar to that of patients with HBV 


Treatment Options for Liver Transplant Recipients With Recurrent 
Hepatitis B Virus Infection and Drug Resistance 


Nucleoside Analog Resistance 


Lamivudine, telbivudine, le 
entecavir 


Add adefovir?°?"'”” 


34-64% at 48 wk 
65% at 96 wk 


25% developed elevated creatinine level; 4% 
discontinuation rate 


78% at 144 wk 


2. Add tenofovir?''"® 


3. Change to tenofovir- 
emtricitabine''® 
Nucleotide Analog Resistance 


Adefovir, tenofovir il 


Add lamivudine®?*'""” 


80%-88% at 64-76 wk 


38% at a median of 42 mot 


34%-64% at 48 wk 


Limited safety data after transplant; recommend 
monitoring for nephrotoxicity 

Limited safety data after transplant; recommend 
monitoring for nephrotoxicity 


25% developed elevated creatinine level; 4% 
discontinuation rate 


65% at 96 wk 
78% at 144 wk 


2. Add entecavir 
3. Add telbivudine 


4. Change to tenofovir- 
emtricitiabine''® 


Combination therapy is recommended to minimize the risk for subsequent treatment failure. 
*Resistance testing is recommended to further guide antiviral choices. 


No data available 
No data available 


38% at a median of 42 mo? 


Entecavir monotherapy shown to be safe and 
effective after transplant” 

Reports of polyneuropathy and myopathy’? 

Potential benefit to renal function 

Limited safety data after transplant; recommend 
monitoring for nephrotoxicity 


‘Data from liver transplant recipients coinfected with hepatitis B virus (HBV) and human immunodeficiency virus. 
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monoinfection, with a few caveats. First, many HBV drugs have 
anti-HIV activity, including lamivudine, entecavir, telbivudine, 
and tenofovir. ^!” Thus these drugs should be used as part of 
the antiretroviral therapy (lamivudine or tenofovir) or only in 
patients undergoing a fully suppressive anti-HIV regimen to 
prevent development of HIV-resistant variants. Second, because 
lamivudine is frequently used in antiretroviral therapy regimens, 
lamivudine resistance is frequent in patients coinfected with 
HBV-HIV, making tenofovir-based prophylaxis the preferred 
HBV therapy for most patients.'”” Overall, the post-LT outcomes 
of coinfected patients are similar to those reported for patients 
with HBV monoinfection,''°'””'*? with patient and graft survival 
rates of 85% at a median follow-up of 4 years." In the largest 
reported experience of prophylaxis in LT recipients coinfected 
with HBV and HIV, a regimen of long-term HBIG and nucleo- 
tide analog combination therapy was associated with 100% 
success in preventing recurrence of HBV infection (HBsAg in 
serum).''®'”” Longitudinal evaluation of coinfected patients 


receiving prophylaxis showed that some patients (7 of 16, 
44%)''° had a very low level of HBV DNA intermittently detect- 
able in serum by sensitive detection methods, suggesting lifelong 
combination HBV prophylaxis is best to minimize the risk of 
virologic breakthrough and clinically apparent recurrence of 


HBV infection (see Table 53-3). 


Hepatitis D Virus-Coinfected Patients 

The 10-year graft and patient survival rates among HBsAg- 
positive European patients who underwent LT for decom- 
pensated cirrhosis were 86% and 80% for HDV-infected LT 
recipients compared with only 68% and 64% for HBV- 
monoinfected LT recipients (Fig. 53-8).'* LT recipients coin- 
fected with HBV/HDV and HBV-monoinfected LT recipients 
who underwent LT for HCC had similar patient and graft 
survival rates.“ In the absence of HBV prophylaxis, recurrent 
HDV infection occurs in most patients (280%) and disease 
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e Fig. 53-8 Patient and graft survival after liver transplant according to the indication for liver trans- 
plant. Patient (A) and graft (B) survival after liver transplant for virus-related decompensated cirrhosis. 
Patient (C) and graft (D) survival after liver transplant for hepatocellular carcinoma. HBV, Hepatitis B virus; 
HBDCV, hepatitis B virus, hepatitis D virus, and hepatitis C virus; HBDV, hepatitis B virus and hepatitis 
D virus; HBCV, hepatitis B virus and hepatitis C virus; HCC, hepatocellular carcinoma; HCV, hepatitis C 
virus; HDV, hepatitis D virus. (Adapted from Burra P, Germani G, Adam R, et al. Liver transplantation for 
HBV-related cirrhosis in Europe: an ELTR study on evolution and outcomes. J Hepatol 2013;58:287-296.) 
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manifestations coincide with recurrence of HBV infection.» 


The universal use of prophylactic HBV therapy has greatly reduced 
the burden of recurrence of HDV infection. Long-term admin- 
istration of HBIG monotherapy in 68 HDV-coinfected patients 
resulted in a 5-year actuarial survival rate of 88%.' Although 
liver HDV antigen or serum HDV RNA was detected in 88% of 
patients within the first year, active HBV and HDV replication 
and clinical hepatitis developed in only 7 of 68 patients (10%).'” 
Because HDV requires HBsAg to produce virions, prevention of 
HBsAg recurrence may be of particular importance in preventing 
recurrence of HDV infection after LT. For this reason prophy- 
laxis using a combination of HBIG and nucleoside/nucleotide 
analogs may be the preferred approach (see Table 53-3). A more 
recent study that included 25 patients with HDV infection who 
received HBIG and lamivudine combination immunoprophylaxis 
reported no recurrences of HDV or HBV infections after a mean 
follow-up of 40 months (range 13 months to 74 months).'** 


Recipients of Hepatitis B Core 

Antibody-Positive Donors 

Approximately 4% of the liver grafts used in the United States are 
from donors who are hepatitis B core antibody (anti-HBc) posi- 
tive and HBsAg negative’ but the proportion rises to approxi- 
mately 12% in Europe and approximately 50% in many Asian 
countries.'*° Use of these extended-criteria donors is accompanied 
by an increased risk of de novo HBV infection. In the absence of 
prophylaxis, the risk of HBV infection in the recipient ranges 
from 15% to 50% depending on the HBV serologic status of the 
recipient.” HBV prophylaxis can minimize the risk of de novo 
HBV infection. 

A recent systematic review involving 903 recipients of anti- 
HBc-positive liver grafts in 39 studies reported that the 5-year 
graft survival rates were similar between HBsAg-positive patients 
receiving anti-HBc-positive grafts (67%) and HBsAg-positive 
patients receiving anti-HBc-negative grafts (68%).'** However, 
among HBsAg-negative recipients receiving anti-HBc-positive 
grafts, de novo infection developed in 149 of 788 them (19%) 
at a median of 24 (5 to 54) months after LT, but de novo infec- 
tions occurred in only 8% of patients receiving HBV prophylaxis 
versus 28% of patients not receiving prophylaxis (p < 0.001).'°* 
In addition, HBV-naive (all serologic markers negative) recipi- 
ents experienced increased rates of de novo HBV infection in 
comparison with anti-HBc/anti-HBs—positive recipients (48% vs. 
15%, respectively; p < 0.001).'** In a separate systematic review 
of 13 studies of anti-HBc-positive graft recipients, there was no 
significant difference in the rates of de novo infection among the 
73 patients who received lamivudine monotherapy versus the 
110 patients who received lamivudine and HBIG combination 
therapy (2.7% vs. 3.7% respectively; p = 0.74). These data 
suggest that with the routine use of prophylactic therapy, trans- 
plant of anti-HBc-positive grafts is a safe and effective means of 
increasing the availability of donor livers. In addition, lamivudine 
monotherapy in HBsAg-negative recipients of anti-HBc-positive 
liver grafts is highly effective, low cost, and, therefore, the pre- 
ferred therapy.“ 


Repeated Transplantation 

With the success of prophylactic therapies and availability of safe 
and effective antivirals for treatment of patients in whom prophy- 
lactic therapy fails, repeated LT for recurrent HBV-related liver 


disease is a very infrequent event. Recent cohorts show only 1% 
to 3% of patients who underwent LT for HBV develop graft loss 
due to recurrent disease.“ For the patients with advanced recur- 
rent disease, especially in the setting of drug-resistant HBV infec- 
tion, repeated LT can be considered with the knowledge that 
HBIG combined with antivirals is likely to be effective in prevent- 
ing reinfection of the second transplanted graft. This was demon- 
strated during the early experience with lamivudine-resistant 
recurrent disease.'*? To minimize the chances of recurrent HBV 
infection in the second graft, long-term combination therapy with 
HBIG and antivirals may be the best strategy. “> 


Hepatitis C and Liver Transplantation 


The World Health Organization estimates that approximately 3% 
of the world’s population has been infected with hepatitis C virus 
(HCV) and that there are more than 170 million with chronic 
disease who are at risk of developing liver cirrhosis and/or liver 
cancer.“ In the United States, Europe, and Japan, HCV infection 
is among the most common indications for LT. AAN Ta the past 
decade in the United States the number of transplants for HCV- 
associated decompensated cirrhosis has begun to decline, whereas 
the number of transplants for HCC has increased dramati- 
cally.” The latter likely reflects the introduction of MELD 
score prioritization for HCC, as well as an increased incidence of 


HCC in HCV-infected individuals.’ 


Natural History After Liver Transplantation 


Viral recurrence after LT is universal in patients who are viremic 
at the time of transplantation.'””'' Alanine or aspartate amino- 
transferase levels are elevated persistently or intermittently in most 
transplant recipients, but up to 30% of patients have persistently 
normal levels despite the presence of histologic damage in biopsy 
specimens.’ Approximately 60% to 80% of recipients show evi- 
dence of recurrent histologic disease on liver biopsy by the end of 
the first year after U'T.'°'""”? Liver stiffness measurement via tran- 
sient elastography is useful in identifying patients with significant 
fibrosis. ™*!® Delayed, spontaneous clearance of HCV infection 
has been reported after LT but is rare. 016° 

Progression of HCV-related disease is accelerated in LT recipi- 
ents in comparison with immunocompetent patients with HCV 
infection.'°”'® The rate of HCV-associated progression of fibrosis 
is nonlinear and highly variable (Fig. 53-9).''”°'” The estimated 
median time to cirrhosis is 9 years but in up to 30% of untreated 
patients cirrhosis develops within the first 5 years.'°°''718! 
Once cirrhosis has become established, patients have a 30% to 
42% annual risk of decompensation—a rate that is markedly 
elevated relative to that of immunocompetent patients with 
HCV-associated cirrhosis. 6716180182 

Overall survival is reduced in HCV-infected patients in com- 
parison with HCV-negative patients, with 5-year patient and graft 
survival rates of 64% to 70% and 57% to 76% respectively, and 
10-year patient and graft survival rates of 51% to 69% and 57% to 
63%, respectively (Fig. 53-10; see also Fig. 53-8). 16%16°173.175,183-185 
In a large retrospective study using data from 11,000 transplant 
recipients (4400 were HCV positive) available through the United 
Network for Organ Sharing (UNOS) registry, patients who 
received transplants for HCV-related liver disease had a 23% 
increased risk of death and a 30% increased risk of graft loss at 5 
years when compared with patients who received transplants for 
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e Fig. 53-9 Progression to bridging fibrosis or cirrhosis in hepatitis C virus-infected liver transplant 
recipients. The reported proportions of patients with bridging fibrosis or cirrhosis at each year after 
transplant from different transplant centers in the United States and Europe are variable. Labels over each 
bar represent outcomes studied in the particular study. FCH, Fibrosing cholestatic hepatitis. (Data from 
Gane et al.,'"° Prieto et al.,'’' Sreekumar et al., 7? Sanchez-Fueyos et al., Berenguer et al.,'° Wali 
et al.,'’ Neumann et al.,'”° Yilmaz et al.,'’° Belli et al., Walter et al., and Lai et al.'’°) 
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e Fig. 53-10 Survival of U.S. adult liver transplant recipients with and 
without hepatitis C virus infection. Kaplan-Meier estimates of posttrans- 
plant patient survival according to hepatitis C status show that patients 
who received transplants because of hepatitis C virus (HCV)-related liver 
disease had a 23% increased risk of death at 5 years when compared 
with patients who received transplants for non-HCV-related causes. The 
number of patients in each group at each time point is indicated. (From 
Forman LM, et al. The association between hepatitis C infection and 
survival after orthotopic liver transplantation. Gastroenterology 2002;122: 
889-896.) 


non-HCV-telated causes (see Fig. 53-10).'°° The major causes of 
death and graft loss in HCV-infected transplant recipients are 
complications related to recurrent infection.’?''°'”*'* These 
results reflect the natural history of HCV largely in the absence of 
effective HCV therapy. Outcomes are expected to improve signifi- 
cantly related to the availability of safe and highly effective direct 


antiviral drug therapies for LT recipients (see “Prevention and 
Treatment of Recurrent Disease”). 


Assessment of Hepatic Fibrosis in 
Liver Transplant Recipients 


Although liver biopsy has been the standard method for assessing 
disease severity, this procedure is cumbersome as a repeated 
measure, is associated with some risk, and may understage the 
severity of fibrosis, especially with smaller specimens and those 
stained with hematoxylin and eosin alone (without trichrome). '*”'”° 
Given these limitations of liver biopsy, alternative methods for 
staging disease have been examined, 741991194 

Transient elastography measures the velocity of a low- 
frequency shear wave across the hepatic parenchyma and cor- 
relates impedance with the severity of fibrosis. In a meta-analysis 
of six studies of transient elastography in LT recipients with HCV 
infection,'**'” the pooled sensitivity was 83% [95% confidence 
interval (CI) 77% to 88%] and the specificity was 83% (95% 
CI 77% to 88%) for the diagnosis of significant fibrosis (fibrosis 
stage 22 for METAVIR, Scheuer or 23 for Ishak).'°° For the diag- 
nosis of cirrhosis by transient elastography, the pooled estimate 
for sensitivity was 98% (95% CI 90% to 100%) and for specific- 
ity was 84% (95% CI 80% to 88%). However, there was sig- 
nificant heterogeneity among the studies examined, with variation 
of elastography score cutoffs for significant and advanced fibrosis. 
Transient elastography may be useful prognostically, with one 
study showing that a transient elastography score of 8.7 kPa or 
more at 1 year after LT was associated with liver decompensation 
at 5 years after LT in 47% of patients.'°’ Measurement of the 
hepatic venous pressure gradient has also been evaluated as a pre- 
dictor of disease severity and graft survival.'?''”* The disadvantage 
of hepatic venous pressure gradient measurement as a predictive 
test is its invasive nature and the technical expertise needed. Serum 
fibrosis markers have also been studied as an alternative method of 
staging recurrent disease but have not been widely adopted. °>! 
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Liver Transplantation 


Thus transient elastography and liver biopsy are the usual 
means of assessing fibrosis severity in HCV-infected transplant 
recipients. 


Pathology of Hepatitis C After Liver Transplant 


Although findings may differ, early histopathologic features 
of recurrent HCV infection include lobular inflammation and 
focal apoptotic hepatocyte necrosis (Fig. 53-11, A). Steatosis 
is a nonspecific finding of early HCV infection,” and portal 
inflammation—mainly with mononuclear cells often as lymphoid 
ageregates—may be found as the disease progresses. Any bile duct 
injury, if present, is typically mild.'”° Severe necroinflammatory 
lesions, including focal necrosis, interface hepatitis, and confluent 


necrosis, may be seen and are highly associated with the early 
development of cirrhosis.'”’ Over time, the histologic appearance 
of recurrent chronic HCV infection is indistinguishable from that 
seen in the nontransplant setting (see Fig. 53-11, B). 

An aggressive variant of recurrent HCV infection has been 
recognized and called severe cholestatic hepatitis C; it occurs in 2% 
to 8% of patients who receive a transplant for HCV-related liver 
disease.'7°'8°!8"" Initially labeled frbrosing cholestatic hepatitis on 
the basis of similarities to fibrosing cholestatic hepatitis in trans- 
plant recipients with recurrent hepatitis B, cholestatic hepatitis C 
is characterized clinically by severe hyperbilirubinemia (mean rise 
in serum bilirubin of 24.7 mg/dL) in the setting of high HCV 
RNA levels, typically occurring within the first 2 years (often 
within the first 6 months) after LT.” Examination of biopsy 


e Fig. 53-11 Histopathologic features of recurrent hepatitis C virus (HCV) infection. A, Early, acute 


recurrent HCV infection is characterized by multiple apoptotic bodies in the hepatic lobule and minimal 
inflammatory infiltrates. B, Chronic recurrent HCV infection is characterized by expansion of portal tracts 
with lymphocytic inflammation and various degrees of interface activity, lobular inflammation, and lobular 
necrosis (Councilman bodies) with intact bile ducts. Early fibrosis is present surrounding the portal tracts. 
C, Cholestatic hepatitis is characterized by swelling of hepatocytes (left) and accumulation of bile in tissue 
(cholestasis). Other features of cholestatic hepatitis include minimal portal and lobular inflammation and 
periportal ductular reaction. D, Plasma cell hepatitis is characterized by an expanded portal tract showing 
clusters of plasma cells and in the area of bridging necrosis. (A, B, Courtesy of Raga Ramachandran, 
University of California, San Francisco; C, courtesy of Vivian Tan, University of California, San Francisco; 
D, courtesy of Swan Thung, Mount Sinai Hospital, New York.) 
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specimens reveals lobular inflammation, bile duct proliferation, 
and cholestasis; areas of bridging and confluent necrosis can be 
rapidly replaced by fibrosis (see Fig. 53-11, C).'”*7°' In the absence 
of treatment, cholestatic hepatitis can lead to early graft loss. 

Another variant of recurrent hepatitis C is plasma cell or 
autoimmune-like hepatitis.” This has been described primar- 
ily in the context of antiviral therapy with interferon and ribavirin 
and has unique histologic findings. Some cases are associated with 
elevated levels of autoantibodies (antinuclear antibody, anti— 
smooth muscle antibody, and anti—liver-kidney microsomal anti- 
body) and elevated immunoglobulin levels.” The key histologic 
features include severe interface inflammatory activity consisting 
predominantly of plasma cells and perivenular necroinflammation 
(see Fig. 53-11, D). Biopsy-proven acute cellular rejection 
before treatment initiation (hazard ratio [HR] 4.87, p = 0.009) 
and the type of immunosuppression at the time of initiation of 
treatment (tacrolimus has a lower risk than cyclosporine, HR 
0.25, p = 0.02) have been associated with development of plasma 
cell hepatitis in the context of interferon therapy.” Patients with 
plasma cell hepatitis have a significantly higher rate of graft failure 
compared with patients without plasma cell hepatitis.” Clini- 
cal and histologic responses to treatment with corticosteroids and 
amplification of baseline immunosuppression have been associ- 
ated with good outcomes.” 


Acute Rejection in Patients With Hepatitis C 


Histopathologically, acute rejection (AR) may be difficult to dif 
ferentiate from recurrent HCV infection, with some” but not 
all” studies reporting low interobserver and intraobserver agree- 
ment in the diagnosis. Because recurrent HCV infection occurs 
universally after LT in the absence of treatment, most biopsy 
samples will have evidence of HCV disease, and the features of 
acute cellular rejection are superimposed on that background. 
Features that are characteristically associated with acute cellular 
rejection—and not recurrent HCV infection—include bile duct 
injury and necrosis with overlapping nuclei, endotheliitis, and 
inflammatory infiltrates around the portal tracts consisting of 
eosinophils, lymphocytes, and occasional neutrophils.” ">" 

New tools to improve the accuracy of diagnosis of AR in the 
setting of HCV infection have been sought. The protein MxA, a 
marker for type I interferon production that is strongly expressed 
by hepatocytes in the presence of HCV, has yielded mixed 
results.”'**'? In a retrospective study of 54 HCV-infected patients 
with or without acute cellular rejection, the Cylex immune func- 
tion assay, which measures levels of adenosine triphosphate 
released from CD4* T cells, found that a cutoff of 220 ng/mL 
had 88.5% sensitivity and 90.9% specificity for identifying acute 
cellular rejection.” Various immunohistochemical stains, includ- 
ing those for lymphocyte expression of minichromosome mainte- 
nance protein 2, C4d, and IG222 monoclonal antibody against 
HCV E2 glycoprotein, in addition to CD28 expression on 
peripheral blood mononuclear cells, have shown promise in small 
single-center studies.”'”'* Finally, in a recent study of 54 liver 
allograft samples from unique HCV-infected recipients, microar- 
ray analysis was done on a training set (7 = 32) and a validation 
set (n = 19).””” One hundred seventy-nine probe sets were dif- 
ferentially expressed among groups, with 71 exclusive genes 
between recipients with recurrence of HCV infection alone and 
HCV with acute cellular rejection.*'? The best-fitting model 
included 15 genes and had an accuracy of 100% in the training 
set and a sensitivity of 50%, specificity of 91%, positive predictive 


797 


value of 71% and negative predictive value of 80%.” None of 
these biomarkers are ready for routine clinical use, and liver biopsy 
remains the gold standard for diagnosis of AR. 


Factors Associated With Disease 
Progression and Graft Loss 


Several viral-, recipient-, donor-, and transplant-related factors 
influence the rate of progression of HCV-related disease and the 
tisk of graft loss (Table 53-6). Before the availability of highly 
effective HCV therapies, the identification of factors that could 
be modified to reduce the risk of disease progression was the 
mainstay of management. The recipient-related factors most con- 
sistently associated with worse posttransplant outcomes include 
older age, African American race, and HIV coinfection. The most 
important donor-related factor associated with the risk of recur- 
rent cirrhosis is donor age. Posttransplant factors of importance 
include a history of treated AR, diabetes, and cytomegalovirus 
(CMY) infection. Immunosuppression is of some importance but 
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no specific immunosuppressive regimen has established itself to 
be superior to others. Viral factors have not been consistently 
linked with the risk of recurrent disease or survival. 


Recipient-Related Factors 


Older recipient age has been shown to be associated with patient 
death and graft loss””’’”* but not disease progression.” A UNOS 
registry—based study found a modest but statistically significant 
effect, with patients older than 60 years experiencing a 5-year sur- 
vival rate of 66.5% versus 70.3% for recipients aged 60 years or 
younger (p < 0.01).”*' Some but not all studies have shown recipi- 
ent female sex to be associated with increased graft loss™! 61722522 
and recurrent HCV-related disease progression. 

African American race has been associated with a higher risk 
of death and graft loss in HCV-infected recipients. 71227228 
Among nearly 3500 HCV-related transplant recipients from the 
Scientific Registry of Transplant Recipients, African Americans 
had an approximately 30% higher risk of graft loss and death 
compared with Caucasians.'”° Studies linking race with recurrent 
HCV infection severity have also shown an association between 
African American race and increased rate of progression of fibro- 
sis, “77? with a statistically significant HR of 1.47 in multivari- 
ate analysis in one study.” A separate donor risk index (DRI) for 
African Americans with HCV was proposed including donor age, 
race, and cold ischemia time and resulted in the correct reclassi- 
fication of 27% of patients compared with the original DRI.*” 

LT recipients with HIV-HCV coinfection have decreased graft 
survival rates and higher rates of recurrent HCV cirrhosis com- 
pared with HCV-infected LT recipients without HIV (Fig. 53-12). 
Graft survival rates differ among studies but range from 72% to 
94% at 1 year, to 59% to 80% at 2 years and 29% to 51% at 5 
years.'"*°*'” Fibrosis scores were significantly higher in the coin- 
fected group than in the monoinfected group at 2 years after LT 
(1.4+ 1.1 vs. 2.4 + 1.3, p= 0.01), and death was more common 
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e Fig. 53-12 Graft survival in liver transplant recipients coinfected 
with hepatitis C virus and human immunodeficiency virus. Kaplan- 
Meier estimates of posttransplant graft survival are lower in coinfected 
patients than in monoinfected patients (o < 0.001). HCV, Hepatitis C virus; 
HIV, human immunodeficiency virus. (From Terrault NA, et al. Outcomes 
of liver transplant recipients with hepatitis C and human immunodeficiency 
virus coinfection. Liver Transpl 2012;18:716-726.) 


in the patients in whom cholestatic hepatitis developed.” Addi- 
tionally, the 3-year incidence of treated AR was 1.6-fold higher 
for the patients coinfected with HCV and HIV than in monoin- 
fected recipients (39% vs. 24%, respectively), and this may have 
contributed to the higher risk of HCV progression after LT.” 


Donor- and Peritransplant-Related Factors 


The most important risk factor for both graft loss and disease 
progression in HCV-infected transplant recipients is older donor 
age. Using donors younger than 40 years as a reference group, a 
UNOS registry—based study of HCV-infected transplant recipi- 
ents from 1995 through 2001 found an increasing risk of graft 
loss with donors between the ages of 41 years and 50 years (HR 
1.67; 95% CI 1.34 to 2.09), between the ages of 51 years and 60 
years (HR 1.86; 95% CI 1.48 to 2.34), and older than 60 years 
(HR 2.21; 95% CI 1.73 to 2.81).”* Although increasing donor 
age has also been associated with increased mortality in HCV- 
negative LT recipients, a stronger effect has been shown in HCV- 
positive LT recipients (Fig. 53-13).”*”*° Older donor age has also 
been associated with a significantly increased risk of early recur- 
rent disease and progression to cirrhosis. "7? The DRI,” 
an algorithm consisting of seven donor and graft characteristics, 
includes donor age, and in a UNOS registry—based cohort of 
HCV-positive LT recipients, the relative risk (RR) of patient and 
graft loss was significantly higher in patients with higher DRI.”*! 
When compared with a DRI of 1, a DRI of 2 was associated with 
a twofold increase in graft failure (RR 2.03; 95% CI 1.85 to 2.23), 
and a DRI of 3 was associated with a fourfold increase (RR 4.12; 
95% CI 3.41 to 4.97) in HCV-positive LT recipients.” 

Donor race appears to be important. In a UNOS registry— 
based cohort from 1998 to 2007, HCV-positive African Ameri- 
cans with race-mismatched donors had a 41% higher mortality 
rate than HCV-positive African American recipients with race- 
matched donors.” In a multicenter study of 1093 HCV-infected 
LT recipients, African American LT recipients receiving grafts 
from non—African American donors were at higher risk of 
advanced fibrosis (HR 1.48) and graft loss (HR 1.62) than African 
American recipients receiving grafts from African American 
donors.” Grafts from African American donors were found to be 
protective in HCV-infected non—African American LT recipi- 
ents,“ although the underlying mechanism is unclear. 

The use of HCV-positive donors for patients with HCV infec- 
tion has gained broad acceptance in the LT community. Overall 
graft survival in recipients of livers from anti-HCV-positive 
donors was shown to be similar to that of recipients of livers from 
anti-HCV-negative donors.” However, an interaction between 
donor HCV status and donor age has been highlighted. In a 
multicenter study comparing outcomes in 99 HCV-positive recip- 
ients receiving HCV-positive allografts with 1107 HCV-positive 
recipients receiving HCV-negative allografts, the adjusted cumu- 
lative hazard of advanced fibrosis was 58% higher in those receiv- 
ing an HCV-positive allograft.“ However, when stratified by the 
mean donor age of 45 years, the associated risk of advanced fibro- 
sis was confined to the older HCV-positive allografts (HR 1.76, 
95% CI 1.06 to 2.93, p = 0.03 vs. HR 0.94, 95% CI 0.47 to 
1.87, p=0.85 for younger HCV-positive allografts) (Fig. 53-14). 

Early studies reported worse outcomes for living donor LT 
(LDLT) recipients than for deceased donor LT (DDLT) 
recipients.’ However, the Adult-to-Adult Living Donor Liver 
Transplantation Cohort Study, involving a consortium of nine 
experienced LT centers in the United States, compared the out- 
comes of 195 LDLT and 180 DDLT recipients who received a 
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e Fig. 53-13 Risk of recipient death by donor age in U.S. adult liver transplant recipients with and 
without hepatitis C virus infection. In patients who underwent liver transplant for hepatitis C virus—related 
liver disease (eft), there was an increasing risk of graft loss with donors between the ages of 41 years 
and 50 years (hazard ratio [HR] 1.67; 95% confidence interval [Cl] 1.34 to 2.09), donors between the 
ages of 51 years and 60 years (HR 1.86; 95% Cl 1.48 to 2.34), and donors older than 60 years (HR 
2.21; 95% Cl 1.73 to 2.81). For comparison, the effect of donor age in transplant recipients without viral 
hepatitis is shown (right). (From Lake JR, et al. Differential effects of donor age in liver transplant recipients 
infected with hepatitis B, hepatitis C and without viral hepatitis. Am J Transplant 2005;5:549-557.) 


transplant for HCV infection between 1998 and 2009 and found 
that the overall 5-year unadjusted patient survival rates were 79% 
for LDLT versus 77% for DDLT (p = 0.43) (Fig. 53-15). This 
analysis excluded the first 20 LDLT cases at each center, as center 
experience with LDLT is an established risk factor for graft sur- 
vival (independent of HCV status).”” Similarly, although initial 
studies found a higher rate of severe recurrence of HCV infection 
in LDLT recipients than in DDLT recipients, subsequent studies 
have not confirmed this finding.““***”””° Collectively, these studies 
show no difference in the natural history of HCV in LDLT com- 
pared with DDLT. 

Finally, prolonged cold ischemia time (>10 hours to 12 hours) 
was found to be an independent predictor of fibrosis progression 
in some””””’ but not all studies.” A warm ischemia time of 
30 minutes, 60 minutes, or 90 minutes was correlated with rates 
of severe disease recurrence of 19%, 40%, and 65% respectively 
1 year after transplant (p = 0.04). A separate study found a 
2.3% increase in the risk of graft failure for every minute increase 
in warm ischemia time (HR 1.02; 95% CI 1.01 to 1.04; p < 
0.01). Whether the negative effects of donor age and other 
donor-related and peritransplant-related factors on graft outcomes 
will be eliminated by treatment of HCV infection before or early 
after LT is not yet known. 


Viral Factors 


There are inconsistent results from studies evaluating the associa- 
tion between HCV genotype and recurrent HCV disease sever- 
ity. 2170176220259261 High pretransplant viral load has not been 
linked with greater risk of severe histologic disease and higher graft 
loss in most'®’”??? but not all studies.'*! However, high HCV 
RNA levels in the early posttransplant period (first 7 days to 12 
weeks) appear to be predictive of severer histologic disease at 1 


172,262,263 
year. 


Transplantation-Related Factors 


Treatment of AR with either steroid boluses or antilymphocyte 
therapies is associated with an increased risk of severe recurrent 
HCV disease” 748126 and death.” A large single-center pro- 
spective study showed that advanced fibrosis developed in 47% 
of patients who required treatment for at least one episode of AR 
as compared with 22% of recipients without an episode of AR (p 
<0.01).'” Ina prospective, multicenter study of patients enrolled 
in the National Institute of Diabetes and Digestive and Kidney 
Diseases Liver Transplantation Database, patients treated for AR 
had a 2.9-fold increase in mortality (p = 0.03) in comparison with 
those not treated for AR.” 

Independent of the number of episodes of AR, CMV infection 
has also been identified as a risk factor for graft loss™® and severe 
or progressive HCV disease.” A greater proportion of patients 
with CMV infection after LT progressed to cirrhosis at 5 years 
than did patients without CMV viremia (37.5% vs. 11%),”” and 
CMV infection was associated with an increased risk of graft 
failure (RR 2.62; 95% CI 1.21 to 5.67). 

Many studies have convincingly shown that diabetes, insulin 
resistance, and metabolic syndrome are important risk factors for 
graft failure’*!””” and disease progression.” °? Moreover, HCV 
infection per se is an important risk factor for the development of 
de novo diabetes after transplant.””*’” In a study of UNOS trans- 
plant registrants, the 5-year survival in HCV-infected LT recipi- 
ents with diabetes was 61.8% versus 71.8% in those without 
diabetes (p < 0.001), although is it important to note that this 
effect was also seen in HCV-negative recipients (77.7% vs. 81.5%, 
p = 0.03) but to a lesser degree.” In another study, metabolic 
syndrome, defined by the Adult Treatment Panel III criteria, was 
an independent predictor of progression of fibrosis after the first 
year after transplant—and was a better predictor than obesity or 
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e Fig. 53-14 Unadjusted cumulative rate of advanced fibrosis by donor 
status: HCV-positive donor (gold lines) and HCV-negative donor (blue 
lines) among (A) donors 45 years of age or younger and (B) donors older 
than 45 years of age. (From Lai JC, et al. Risk of advanced fibrosis with 
grafts from hepatitis C antibody-positive donors: a multicenter cohort 
study. Liver Transpl 2012;18:532-538.) 


diabetes.” Further, development of hepatic steatosis at 1 year 


after transplant was found to be an independent predictor of 
subsequent F2 to F4 fibrosis (HR 2.63). 


Immunosuppression and Acute Rejection 


Despite many studies, few definitive recommendations can be 
made regarding the optimal immunosuppressive regimen for 
HCV-infected patients. Proposed benefits of specific immunosup- 
pressive drug choices are shown in Table 53-7. 


Induction Antibody Therapy 

Induction antibody therapy, including antithymocyte globulin 
and IL-2 receptor antagonists, has been used in corticosteroid- 
sparing and calcineurin inhibitor minimization strategies.” A 
study evaluating the efficacy of antithymocyte globulin induction 
(versus no antithymocyte globulin or corticosteroids) reported 
lower rates of AR and similar overall and HCV-associated graft 
survival.” In the HCV3 study, which compared transplant 


— LDLT 
— DDLT 


100 


Log-rank p = 0.43 


Survival (%) 


Number at risk 


Year Txp 1 2 3 4 5 6 7 8 
LDLT 195 166 141 123 96 72 52 34 17 
0 DDLT 180 144 126 105 78 55 

0 1 2 3 4 5 6 7 8 
Years from transplant 


e Fig. 53-15 Patient survival in living donor liver transplant recipients 
versus deceased donor liver transplant recipients. Patient survival after 
deceased donor liver transplant (DDLT; blue line) and living donor liver 
transplant (LDLT; gold line). Patient survival was not significantly lower in 
LDLT versus DDLT (p = 0.48). (From Terrault NA, et al. Hepatitis C disease 
severity in living versus deceased donor liver transplant recipients: an 
extended observation study. Hepatology 2014;59:1311-1319.) 


Theoretical Benefits of Specific 
Immunosuppressive Drugs in Patients 
With Hepatitis C 


Induction Therapy 
Induction antibody therapy 


Associated with decreased rates of 
acute rejection 

Often used in conjunction with 
steroid-sparing regimens 


Maintenance Corticosteroids 


Corticosteroid avoidance May slow HCV disease progression 
Associated with a lower risk of de novo 
diabetes 


Calcineurin Inhibitors 


Cyclosporine Inhibits HCV replication in vitro 
May improve sustained virologic 
response rates to older antiviral 
therapy 
Tacrolimus Lower risk of acute rejection 


Antiproliferative Drugs 
Azathioprine 


Shares antiviral properties with ribavirin 
May decrease severity of recurrent HCV 
disease 


Mycophenolate mofetil Shares antiviral properties with ribavirin 


Associated with decreased risk of graft 
loss in comparison with azathioprine 
Rapamycin Inhibitors 
Sirolimus/everolimus 


Has antiproliferative and antifibrotic 
effects in vitro 

Minimal clinical data suggesting slower 
fibrosis progression 


HCV, Hepatitis C virus. 
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recipients with HCV who received tacrolimus, mycophenolate 
mofetil (MMF), and corticosteroids with transplant recipients 
with HCV who received daclizumab, tacrolimus, and MME there 
were no significant differences in the rates or severity of HCV 
disease after 2 years of follow-up.” 


Corticosteroids 


Although corticosteroid boluses for the treatment of AR are asso- 
ciated with a risk of advanced fibrosis, corticosteroids in standard 
immunosuppressive regimens have a less clear association with 
HCV disease severity. Multiple randomized trials have evaluated 
the effect of corticosteroid-containing versus corticosteroid- 
avoiding regimens and found no clear effect on progression of 
fibrosis, 784286 mortality, 287 or graft survival 27722>286.288-291 
A meta-analysis of 19 randomized trials before 2007 demon- 
strated a significant reduction in disease recurrence (RR 0.90; 
95% CI 0.82 to 0.99; p = 0.03), but interpretation of these results 
was limited by the heterogeneity among the trials, especially with 
respect to the immunosuppressive potency of the comparator 
arms.” In addition, corticosteroid avoidance has been shown 
to reduce metabolic complications, including de novo diabe- 
tes, 5428328829 and this, in turn, may be important in minimizing 


the risk of progression of HCV disease. 


Calcineurin Inhibitors 


There are no convincing data showing that cyclosporine-based 
versus tacrolimus-based immunosuppression influences the pro- 
gression of HCV disease.” A meta-analysis that included five 
randomized controlled trials found no differences in mortality, 
graft survival, biopsy-proven AR, or progression to advanced 
fibrosis.’ A recent meta-analysis and systemic review found 
there were no differences in posttransplant HCV recurrence— 
associated mortality, graft loss, and repeated transplant as well as 
histologic HCV disease in patients treated with tacrolimus-based 
and cyclosporine-based immunosuppression.””* 


Antiproliferative Drugs 


MMF and azathioprine, both antiproliferative drugs, are used 
as part of immunosuppressive regimens in combination with cal- 
cineurin inhibitors and corticosteroids but MMF is most com- 
monly used.” Both inhibit inosine monophosphate dehydrogenase 
and share some antiviral actions with ribavirin,” thus leading to 
speculation that these drugs have some specific benefits in HCV- 
infected LT recipients. In a systematic review evaluating the 
effects of MMF versus azathioprine on HCV-associated out- 
comes, it was stated that more studies reported a benefit from 
azathioprine (5 of 9) than a benefit from MMF (2 of 17), but 
most of the studies were retrospective and observational.” Addi- 
tionally, because azathioprine was used more before 2000 and 
MMF has been used more since 2000, the observed effects on 
HCV infection outcomes may reflect other transplant-related 
changes (i.e., donor- and recipient-related factors) rather than 
the choice of antiproliferative agent. A large study of 3463 HCV- 
positive LT recipients from the Scientific Registry of Transplant 
Recipients found that when compared with tacrolimus plus cor- 
ticosteroids alone, a regimen consisting of MMF, tacrolimus, and 
corticosteroids was associated with a reduced risk of overall graft 
loss (HR 0.83, p = 0.01) but no difference in HCV-associated 
graft or patient loss (HR 1.03, p = 0.84).°*” Prospective studies 
comparing azathioprine and MMF are few in number and 
limited by either small sample size’ or lack of histologic 
follow-up.” 


Mammalian Target of Rapamycin Inhibitors 


The mammalian target of rapamycin inhibitors sirolimus and 
everolimus have been used in LT recipients who are intolerant of 
calcineurin inhibitors, particularly those with nephrotoxicity.” 
Additionally, rapamycin inhibitors have antiproliferative and anti- 
fibrotic effects in vitro,” which has led to speculation of potential 
benefits against recurrent HCV disease.’'” Although clear clinical 
data on the effect of sirolimus and everolimus on HCV disease 
severity remain scarce, a few small studies suggest a benefit. In a 
retrospective review of 190 patients from a single center over 15 
years, 113 patients were switched from calcineurin inhibitor— 
based therapy to low-dose sirolimus monotherapy at a median of 
15 months after transplant for HCV-related disease.’'' Patients 
who were switched had improved survival and slower progression 
to cirrhosis, and those who continued to receive calcineurin 
inhibitor—based therapy were likelier to develop posttransplant 
diabetes.”'' Recently, everolimus was approved by the Food and 
Drug Administration (FDA) for use in LT recipients and is the 
preferred rapamycin inhibitor in this setting’? as everolimus, in 
contrast to sirolimus, is not associated with impaired wound 
healing or hepatic artery thrombosis.” Subanalysis of HCV- 
infected patients in the registration trial comparing tacrolimus 
with everolimus plus low-dose tacrolimus showed a trend toward 
less fibrosis at 2 years after transplant in the everolimus group, 
but more studies are needed.’ 


Treatment of Acute Rejection 


As AR requiring treatment with corticosteroid boluses and 
lymphocyte-depleting drugs is associated with higher risk of severe 
posttransplant HCV disease,'?''°”'”°'*! the goal of immunosup- 
pression is to provide sufficient immunosuppression to avoid the 
need to treat AR without contributing to accelerated progression 
of HCV disease. Additionally, abrupt changes in the amount of 
immunosuppression may be associated with increased risk of 
immune-mediated liver injury, as suggested by studies using rapid 
corticosteroid tapering’'’’'’ and lymphocyte-depleting thera- 
pies,” and should therefore be avoided. In the management 
of AR, experts recommend against the treatment of mild AR, in 
part because of the difficulty in identifying this entity on a back- 
ground of recurrent HCV infection.’ For mild to moderate AR, 
amplification of baseline immunosuppression is generally used, 
with corticosteroids being reserved for nonresponders to this 
measure. Corticosteroid boluses and the use of lymphocyte- 
depleting drugs are reserved for those with moderate to severe 
rejection. With the availability of effective HCV therapies to treat 
recurrent HCV infection, the negative impact of treated AR on 
HCV disease progression will likely be attenuated. 


Prevention and Treatment of 
Recurrent Disease 


The development and use of direct-acting antivirals (DAAs) 
against HCV has revolutionized the management of HCV infec- 
tion in the transplant setting (Table 53-8). Safe and highly effec- 
tive therapies are available for patients on the waiting list as well 
as those who have received a transplant, opening up options for 
prevention and treatment of recurrent disease that were previously 
unavailable. There are several different time points when treat- 
ment can be undertaken (Fig. 53-16): (1) before LT to achieve 
cure, (2) close to the time of LT to prevent recurrence, (3) pre- 
emptive therapy after LT to prevent disease recurrence, and 
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TABLE 
53-8 


Characteristics of New Direct-Acting Antivirals Against Hepatitis C Virus 


NS5A replication 
complex inhibitors 


Ombitasvir; daclatasvir; High 
ledipasvir; elbasvir; 


Variable; daclatasvir 
and velpatasvir are 


Low to intermediate PPI use may lower bioavailability 


of ledipasvir and velpatasvir 


velpatasvir pangenotypic 
Nucleotide NS5B Sofosbuvir Intermediate to  Pangenotypic High Not recommended if creatinine 
polymerase inhibitors high clearance <30 mL/min 
Nonnucleoside NS5B Dasabuvir Low to 1 and 4 Low 
polymerase inhibitors intermediate 
NS3/4a protease Paritaprevir-ritonavir; High 1 and 4 Intermediate to high  Drug-drug interactions warrant 
inhibitors simeprevir; careful review; not 
asunaprevir; recommended in patients 
grazoprevir with decompensated cirrhosis 
DAA, Direct-acting antiviral; PPI, proton pump inhibitor. 
Listed Transplant Chronic hepatitis Graft loss 
Prevent infection Prevent 
Prevent graft or J risk of cirrhosis and 
infection disease progression graft failure 


————_———________» 


Pretransplant Prophylactic or 


antiviral preemptive 
therapy therapies 
Select patients Under study 
SVR: 60-90% SVR: insufficient 
depending on data 
severity of 
decompensation 


Antiviral therapy 
for recurrent 
disease 


Repeated 
transplant 


Predominant 


strategy 
SVR: 290% 


e Fig. 53-16 Hepatitis C virus treatment strategies for peri-liver transplant patients. SVR, Sustained 
virologic response. (Adapted from Biggins SW, Terrault NA. Management of recurrent hepatitis C in liver 
transplant recipients. Infect Dis Clin N Am 2006;20:155.) 


(4) after LT when recurrent disease is evident.” To maximize 
patient and graft survival in HCV-infected LT recipients, treat- 
ment of recurrent disease before the development of advanced 


fibrosis is highly desirable. 


Pretransplant Antiviral Therapy 


To Achieve Cure 

In general, patients with indications for LT have decompensated 
cirrhosis. The exception is patients with HCC within the Milan 
criteria who may have compensated cirrhosis. For patients with 
decompensated cirrhosis, the decision to treat them for cure is a 
complex one even though new DAA combinations are generally 
safe and can offer cure to this previously largely incurable group. 
Potential gains from achieving cure include reversal of cirrhosis 
complications, improved quality of life, reduced risk of 
death while the patient is on the waiting list, and prevention of 
recurrence of HCV infection if transplant occurs. Modest 


improvements in MELD and Child-Pugh scores have been 
achieved within 12 weeks to 16 weeks of sustained virologic 
response (SVR),”'*”” but other clinical benefits are less clearly 
established. The main potential downside of treating patients 
with decompensated cirrhosis on the waiting list is resultant 
MELD score stabilization or improvement, making access to LT 
less likely in patients with persistent indications for LT. There is 
a paucity of data regarding the risks versus harm of treating 
patients with decompensated cirrhosis on the waiting list, and 
thus the decision to treat patients with antiviral therapy needs to 
be individualized. 

The HCV therapies currently approved in the United States 
for use in patients with decompensated cirrhosis include sofosbu- 
vir plus ribavirin, ledipasvir-sofosbuvir with or without ribavirin, 
and daclatasvir plus sofosbuvir with or without ribavirin. The 
coformulated velpatasvir-sofosbuvir with or without ribavirin is 
expected to be approved soon. Drug combinations that include a 
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protease inhibitor are not recommended in patients with decom- 
pensated cirrhosis. The frequency of SVR at week 12 (SVR12) 
and the safety outcomes with these regimens in patients with 
Child-Pugh class B and Child-Pugh class C cirrhosis are shown 
in Table 53-9.°"'°” On the basis of currently available FDA- 
approved treatment regimens, the recommended therapies for 
patients with Child-Pugh class B or Child-Pugh class C cirrhosis 
are ledipasvir-sofosbuvir and ribavirin for 12 weeks or daclatasvir 
plus sofosbuvir or ribavirin for 12 weeks in patients with genotype 
1 or genotype 4 infection.” For those with genotype 2 or geno- 
type 3 infection and either Child-Pugh class B or Child-Pugh class 
C cirrhosis, daclatasvir plus sofosbuvir and low-dose ribavirin for 
12 weeks is recommended.*” For patients who are ineligible for 
ribavirin therapy, a 24-week treatment course of either a daclatas- 
vir plus sofosbuvir or a ledipasvir-sofosbuvir regimen should be 
used. 


To Prevent Recurrence 

Achievement of an SVR before LT ensures that the new graft will 
not be at risk of HCV infection.” However, for patients who are 
receiving treatment at the time of LT, the risk of recurrent HCV 
infection after LT will depend, at least in part, on the duration 
for which HCV RNA was undetectable before LT.” In a 
landmark study evaluating sofosbuvir and weight-based ribavirin 
in 61 patients with HCC as indication for LT who were infected 
with genotypes 1 to 4 and had a Child-Pugh score of 7 or less, 
43 patients who underwent treatment achieved an HCV RNA 
level of less than 25 IU/mL by the time of transplant and 30 of 


these patients (70%) were virus-free after LT.” Among those 
patients on treatment with continuously undetectable HCV RNA 
for at least 28 days before LT, only 1 of 26 developed recurrent 
HCV infection.” These findings may help guide the timing of 
antiviral therapy before LT and/or the need for bridge therapy 
after LT when the primary goal is to prevent recurrence of HCV 
infection after LT.” 


Posttransplant Therapy 


Achievement of an SVR after LT is associated with improved graft 
and patient survival,” and viral eradication is the goal of every 
transplant recipient with recurrent HCV infection. Prior guide- 
lines recommended that antiviral therapy be initiated in LT recipi- 
ents with moderate fibrosis (=F2 on a scale of 4), moderate or 
severe necroinflammatory activity (@A3 on a scale of 4), or 
cholestatic hepatitis.” In the peginterferon era, therapy started 
within the first 6 months after LT was no more effective than 
treatment delayed until histologic disease was present.” However, 
with the availability of potent and safe DAAs, earlier posttrans- 
plant therapy can be considered to maximize the survival benefit 
from cure and minimize costs related to monitoring and manag- 
ing recurrent disease.” 

Drug-drug interactions between the DAAs and standard 
immunosuppressive medications used after LT need careful con- 
sideration (Table 53-10). Monitoring of immunosuppression 
levels is required to avoid either subtherapeutic or supratherapeu- 
tic levels, either related to drug-drug interactions or in association 
with viral clearance. 


wA-j8=) Safety and Efficacy Outcomes by Hepatitis C Virus Treatment Regimens in Patients 
Se With Decompensated Cirrhosis 


Simeprevir-sofosbuvir 
with or without 
ribavirin for 
12 wk?” 


49 CP class B; 6 CP 
class C 


11% early treatment discontinuation 
22% hospitalized 

20% infection requiring antibiotics 
20% further hepatic decompensation 
2% death 


76% (37/49) SVR12 in CP class B 
50% (3/6) SVR12 in CP class C 


Ledipasvir-sofosbuvir 
plus ribavirin for 
12-24 wk?” 


59 CP class B; 49 CP 
class C 


CP and MELD scores improved from the baseline in 
most patients 

Low rates of grade 3/4 AEs, serious AEs (more 
common in 24-wk arm) 

5 treatment discontinuations (4 in 24-wk arm) 

13 deaths (none treatment related) 


87% (26/30) SVR12 in CP class B, 12 wk 
89% (24/27) SVR12 in CP class B, 24 wk 

86% (19/22) SVR12 in CP class C, 12 wk 
87% (20/23) SVR12 in CP class C, 24 wk 


Ledipasvir-sofosbuvir 
plus ribavirin for 
12-24 wk”? 


46 CP class B; 38 CP 
class C 


3-5% treatment-related serious AEs in different arms 
1-5% treatment discontinuation in different arms 
Deaths also infrequent and not related to treatment 


87% 
96% 
85% 
72% 


20/23) SVR12 in CP class B, 12 wk 
22/23) SVR12 in CP class B, 24 wk 
17/20) SVR12 in CP class C, 12 wk 
13/18) SVR12 in CP class C, 24 wk 


Daclatasvir-sofosbuvir 
plus ribavirin for 
12 wk’ 


32 CP class B; 16 CP 
class C 


17% serious AEs (all considered not related to 
treatment) 

18% grade 3/4 AEs 

No deaths 


94% 
56% 


30/32) SVR12 in CP class B 
9/16) SVR12 in CP class C 


a | ee 


Sofosbuvir-velpatasvir 
plus ribavirin for 
12-24 wk?” 


16 CP class A; 240 
CP class B; 13 CP 
class C 


CP score improved in 47%, MELD score improved in 
51% of those with baseline score <15 and in 
81% of those with baseline score 215 

1-4% treatment discontinuations in different arms 

3% death in each arm and not related to treatment 


AE, Adverse event; CP Child-Pugh; MELD, Model for End-Stage Liver Disease; SVR72, sustained virologic response at week 12 


83% (75/90) SVR12 in 12 wk, no ribavirin 
94% (82/87) SVR12 in 12 wk, ribavirin 
86% (77/90) SVR12 in 24 wk, no ribavirin 
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WAE Drug-Drug Interactions Between Currently Approved Hepatitis C Virus Direct-Acting Antivirals 


Sa and Immunosuppressants 


Antiproliferative 

Azathioprine No DDI No DDI No DDI 
Mycophenolate No DDI No DDI No DDI 
Calcineurin Inhibitors 

Cyclosporine I No DDI Potential DDI 
Tacrolimus Potential DDI No DDI Potential DDI 
mTOR Inhibitors 

Everolimus Potential DDI No DDI Potential DDI 
Sirolimus Potential DDI No DDI Potential DDI 
IL-2 Receptor Antagonist 

Basliximab No DDI No DDI No DDI 


No DDI No DDI No DDI 
Potential DDI No DDI No DDI 
Potential DDI No DDI I! 

Potential DDI No DDI Potential DDI 
1! Potential DDI Potential DDI 
Potential DDI No DDI Potential DDI 
No DDI No DDI No DDI 


Potential drug-drug interaction may require a dosage adjustment, altered timing of administration, or additional monitoring. 


*Not studied in liver transplant recipients. 


J, Coadministration of these drugs not recommended; DDI, clinically significant drug-drug interaction; mTOR, mammalian target of rapamycin. 
Data from University of Liverpool: HEP drug interaction checker. Available at <http://www.hep-druginteractions.org>. (Accessed 12.11.16.) For additional drug-drug interactions and for a more extensive 
range of drugs, detailed pharmacokinetic interaction data, and dosage adjustments, refer to the website. 


Preemptive Therapy to Achieve Cure 


With this strategy, HCV therapy is initiated in the immediate or 
early posttransplant period before the development of recurrent 
disease. In theory, use of the potent DAAs immediately at the 
time of transplant, along with the removal of the infected organ, 
may avoid the rapid recurrence of HCV viremia and allow shorter 
and, thus, more cost-effective HCV infection management. There 
are ongoing clinical studies examining the safety and efficacy of 
DAAs in the early post-LT setting. 

The use of adjuvant antibody therapy in patients who are receiv- 
ing antiviral therapy at the time of LT has also been examined. 
Preliminary data from a study of 84 HCV-infected wait-listed 
patients receiving DAAs leading up to transplant and randomized 
1:1:1 to receive hepatitis C immunoglobulin at 300mg/kg, to 
receive hepatitis C immunoglobulin at 200 mg/kg, or to undergo 
observation showed posttransplant reinfection occurring in 1 of 21 
patients (5%) in the 300 mg/kg group, 7 of 22 patients (32%) in 
the 200 mg/kg group, and 6 of 20 controls (30%).**° A higher dose 
of hepatitis C immunoglobulin may be beneficial as an adjuvant 
therapy for patients but the exact role has yet to be defined. 


Significant Fibrosis/Compensated Cirrhosis 

Most approved DAA combinations have been studied in patients 
who are at least 6 months after LT (see Table 53-8). Therapy is 
generally safe and highly effective. The efficacy of different treat- 
ment regimens by the severity of recurrent HCV disease is shown 
in Fig. 53-17. 1743534134 In general, the SVR rates obtained in 
transplant recipients mirror those achieved in nontransplant 
patients. 

The first all-oral DAA combination studied was sofosbuvir and 
ribavirin for 24 weeks in LT recipients with genotypes 1 to 4.*"' 
SVR was obtained in 70% of them. Anemia requiring treatment 
occurred in 20%, and there were no deaths, graft losses, 


or episodes of rejection or any significant interactions between 
sofosbuvir and tacrolimus or cyclosporine.” Sofosbuvir and riba- 
virin are recommended for posttransplant patients with genotype 
2 or genotype 3 disease.” 

In a study of 123 LT recipients undergoing simeprevir plus 
sofosbuvir therapy with or without ribavirin (60% genotype 1a, 
30% F3/F4 fibrosis, 80% treatment experienced), SVR12 was 
achieved in 90%.” One patient died of drug-induced lung injury 
while receiving treatment.” In a study by the HCV-TARGET 
Study Group, 151 LT recipients who received simeprevir plus 
sofosbuvir with or without ribavirin were reviewed, and SVR12 
was 91% to 93% among patients without cirrhosis or with com- 
pensated cirrhosis (see Fig. 53-17). 

Ledipasvir-sofosbuvir with ribavirin for 12 weeks or 24 weeks 
was evaluated in 223 LT recipients in the SOLAR-1 study.””' 
SVR12 was achieved in 96% of patients with FO to F3 fibrosis, 
96% of patients with Child-Pugh class A cirrhosis, and 81% of 
patients with Child-Pugh class B/C cirrhosis, with similar rates 
with 12 weeks versus 24 weeks of treatment (see Fig. 53-17).*! 
Seven patients died of causes judged to be unrelated to treat- 
ment.” In the SOLAR-2 study, the design of which was similar 
to that of the SOLAR-1 study but in European patients, SVR12 
was achieved in 95% of patients with FO to F3 fibrosis and 98% 
of patients with compensated Child-Pugh class A cirrhosis treated 
for 12 weeks or 24 weeks (no difference by duration of therapy). 
On the basis of these results, ledipasvir-sofosbuvir with weight- 
based ribavirin for 12 weeks is recommended for posttransplant 
patients with compensated and decompensated HCV genotype 1 
or genotype 4 disease.*”° Sofosbuvir-velpatasvir, the next-generation 
sofosbuvir-NS5A inhibitor combination, has not yet been studied 
in LT recipients. 

In the CORAL-1 study, 34 LT recipients with genotype 1 
HCV infection and FO to F2 fibrosis were treated with the 


E No cirrhosis (FO-F3) 
Child-Pugh A 


E Child-Pugh B/C 
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e Fig. 53-17 Virologic responses in posttransplant patients with various regimens by degree of liver 
disease. *Child-Pugh class A is cirrhosis with a Model for End-Stage Liver Disease score less than 10, 
and Child-Pugh class B/C is cirrhosis with a Model for End-Stage Liver Disease score of 10 or greater. 
DCV, Daclatasvir; LDV, ledipasvir; SMV, simeprevir; SOF sofosbuvir; SVR, sustained virologic response; 


RBY, ribavirin; RTV, ritonavir,. 


combination of ombitasvir and ritonavir-boosted paritaprevir, 
plus dasabuvir with ribavirin for 24 weeks.” SVR12 was achieved 
in 97% (see Fig. 53-17).*“* Serious adverse events occurred in two 
patients, and one patient discontinued use of the study drugs 
because of adverse events.” Tacrolimus dosages were modified to 
0.5 mg/wk or 0.2 mg every 3 days and cyclosporine dose reduc- 
tions were to 20% of the pretreated daily dose.*“* No episodes of 
rejection occurred. The combination of ombitasvir, paritaprevir, 
and ritonavir plus dasabuvir with ribavirin for 24 weeks is 
approved for LT recipients with genotype 1 HCV infection with 
an early stage of fibrosis (<F2 on a scale up to 4). 

In the ALLY-1 study, daclatasvir plus sofosbuvir with ribavirin 
for 12 weeks was examined in 53 LT recipients, genotypes 1 and 
3, 68% with FO to F3 fibrosis and 30% with Child-Pugh class A 
cirrhosis (one patient missing the baseline stage). SVR12 was 
achieved in 50 of the 53 patients (94%) (see Fig. 53-17) and only 
9% experienced serious adverse events (all unrelated to the study 
drug).”” As a result of these findings, daclatasvir plus sofosbuvir 
with ribavirin for 12 weeks is recommend for paints with HCV 
genotypes 1, 2, 3, or 4 infection with compensated cirrhosis.” 


Severe Early Recurrent Hepatitis C Virus 

Infection and Decompensated Cirrhosis 

Patients with severe early recurrence (cholestatic hepatitis) and 
decompensated cirrhosis are typically studied together, as these 
entities represent a group at the highest risk of liver-related death 
in the absence of antiviral therapy. SVR rates with DAA therapy 
are generally lower in patients with decompensated cirrhosis com- 
pared with patients with compensated cirrhosis, but patients with 
cholestatic hepatitis have higher SVR rates than patients with 
decompensated cirrhosis.» In a compassionate access program 
for LT recipients, patients with genotypes 1 to 4 and decompen- 
sated cirrhosis (7 = 52) or severe cholestatic hepatitis (n = 52) 


received sofosbuvir and ribavirin for 24 weeks to 48 weeks with 
or without peginterferon.*” The overall SVR12 rate, excluding 12 
patients who underwent repeated LT, was 73% in patients with 
severe cholestatic hepatitis and 43% in those with decompensated 
cirrhosis. 

In the combined results of LT recipients with advanced cir- 
thosis treated with ledipasvir-sofosbuvir with ribavirin for 12 
weeks or 24 weeks in the SOLAR-1 and SOLAR-2 studies, the 
SVR12 rates were 90% (72 of 80) for patients with Child-Pugh 
class B cirrhosis and 64% for patients with Child-Pugh class C 
cirrhosis (9 of 14) (see Fig. 53-17). > The safety and efficacy 
of sofosbuvir and daclatasvir with or without ribavirin has been 
studied in compassionate access settings. Among 12 post-LT 
patients with severe recurrent HCV infection (three with severe 
cholestatic HCV infection), 9 patients completing 24 weeks of 
treatment had undetectable HCV RNA at the treatment end and 
5 patients with follow-up achieved SVR at week 4.°° During 
treatment, three deaths occurred: one due to rapidly progressive 
liver failure, one due to gastrointestinal bleeding, and one due to 
septic shock and attributed to the severity of the patient’s underly- 
ing liver disease rather than directly to the antiviral treatment.” 
In a series of 15 patients with post-LT severe cholestatic HCV 
infection treated with sofosbuvir and daclatasvir, SVR12 was 
achieved 100% of them.” Finally, in a real-life cohort of 119 
genotype l—infected LT recipients treated with simeprevir and 
sofosbuvir with or without ribavirin for 12 weeks or 24 weeks, 
68% of Child-Pugh class B patients (7 = 34) versus 83% of Child- 
Pugh class A patients (n = 84) achieved SVR12. In all of the 
studies of antiviral therapy in decompensated cirrhosis, deaths 
occurred during treatment but were judged to be unrelated to 
treatment. This highlights the competing risk of death due to 
progressive disease in LT recipients with advanced cirrhosis, and 
the need to consider repeated LT concurrent with HCV therapy. 
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Retransplantation 


Despite efforts to prevent or slow disease progression with antiviral 
therapy, recurrent HCV disease leading to graft failure occurs.'°”'*! 
Some studies report significantly shorter overall survival rates for 
HCV-related repeated LT recipients than for non-HCV-related 
repeated LT recipients and a risk of rapidly progressive HCV 
disease in the second transplanted graft.” However, other 
studies, including a larger multicenter study of 43 HCV-related 
and 73 non—HCV-related repeat LT recipients, report 1-year (69% 
vs. 73%) and 3-year (49% vs. 55%) survival rates for the HCV- 
positive cohort to be decreased but not significantly different from 
those of the HCV-negative cohort (Fig. 53-18).”! Worse out- 
comes in HCV patients undergoing retransplantation have been 
associated with older donor age,”**®*”” elevated prothrombin 
time,” elevated serum creatinine level,” elevated serum bili- 
rubin level,’ and a MELD score of 16 or higher.”**°?! 

Variable criteria of acceptable candidacy for repeat LT have 
been used for patients with HCV infection. In a multicenter 
study conducted before DAA therapy, the common reasons for 
not listing patients for repeated transplant included recurrent 
hepatitis C within 6 months of first LT (22%), severe cholestatic 
hepatitis C (19%), advanced renal insufficiency (18%), and other 
reasons (28%) such as older age and patient request.” Effective 
anti-HCV therapy can be expected to both reduce the number of 
LT recipients in need of repeated LT and reduce concerns regard- 
ing the risk of recurrent disease in the second graft in those few 
patients requiring retransplantation. 


Primary Biliary Cholangitis 
and Liver Transplantation 


Primary biliary cholangitis (PBC), previously known as primary 
biliary cirrhosis, is an autoimmune liver disease characterized 
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e Fig. 53-18 Overall survival after repeat liver transplantation for 
hepatitis C virus (HCV)-related versus non-HCV-related disease. 
Patients undergoing repeated liver transplant for hepatitis C virus (HCV)- 
related disease experienced similar survival rates as patients undergoing 
repeated liver transplant for non—HCV-related liver disease, with 1-year 
and 3-year survival rates of 69% and 49% versus 73% and 55% respec- 
tively (o = 0.78). (From McCashland T, et al. Retransplantation for hepatitis 
C: results of a U.S. multicenter retransplant study. Liver Transpl 
2007;13:1246-1253.) 


by lymphocytic cholangiopathy of the small to medium- 
sized bile ducts (nonsuppurative destructive cholangitis) and 
ductopenia.***”” 

PBC is the third most common indication for LT (9%) in the 
European Liver Transplant Registry, after virus-related (HCV and 
HBV) and alcohol-related cirrhosis,” and one of the top six 
indications for LT in the United States.” In both Europe and 
North America, the number of patients who received an LT and 
the number wait-listed for LT for PBC has markedly decreased in 
recent years.” >’ Moreover, PBC-related deaths have decreased 
in both men and women in the last few decades.**’ This decreased 
mortality/need for transplant may reflect earlier diagnosis, changes 
in risk factors for development of PBC, and/or improved thera- 
pies. Certainly, the increased use of ursodeoxycholic acid (UDCA) 
since the early 1990s, which slows histologic progression to cir- 
thosis and improves overall and transplant-free survival, may be 
one reason for the reduced rates of LT.” 


Natural History After Liver Transplantation 


Although initially there were doubts as to whether PBC 
could recur, this is now a recognized complication of LT in 
patients. Histologic recurrence of PBC is frequent though not 
universal.*°° The prevalence of recurrent disease ranges from 
10% to 50%,” with median follow-up periods of up to 5 
years after LT (Table 53-11).°” A recent multicenter European 
study of 123 adults who underwent transplant for PBC from 
1988 to 2010 with protocol biopsies performed at 1 year, 5 years, 
10 years, 15 years, and 20 years after LT or when clinically indi- 
cated found the cumulative incidence of recurrent PBC was 27% 
(95% CI 17% to 39%) at 5 years, 47% (95% CI 35% to 57%) 
at 10 years, 61% (95% CI 46% to 72%) at 15 years, and 68% 
(95% CI 51% to 79%) at 20 years (Fig. 53-19).°” Variability in 
the incidence reflects the mode of monitoring patients for recur- 
rence (protocol biopsies versus laboratory criteria), the length of 
the follow-up period, pathology expertise, and differences in the 
histologic criteria used to define recurrent PBC. Despite recur- 
rence, posttransplant outcomes are excellent, 93/6 with no 
significant difference in survival between patients with recurrence 
and without recurrence.*”**”**’”°”* Progressive disease necessitat- 
ing repeated LT is very infrequent, with two large cohort studies 
reporting only 3 of 485 patients (0.6%) and 2 of 154 patients 
(1.2%) respectively requiring repeated LT for recurrent PBC.” 
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WAGE Diagnostic Criteria for Recurrent Primary 
Sell Biliary Cirrhosis After Liver Transplantation 


1. Transplantation for PBC and 

2. Persistence of AMA and 

3. Characteristic portal tract lesions on histologic examination: 
a. Mononuclear inflammatory infiltrate 
b. Formation of lymphoid aggregates 
c. Epithelioid granulomas 
d. Bile duct damage 

Definite recurrent PBC: three of the four portal tract findings need to be 
present 

Probable recurrent PBC: two of the four portal tract findings are 
present 


AMA, Antimitochondrial antibody; PBC, primary biliary cholangitis. 
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Recurrent PBC has also been described after a second and third 
LT, with the proportion of graft failure due to disease recurrence 
low after repeated LT (7% to 14%).** 

PBC patients remain at risk for the systemic complications of 
the PBC multisystem disorder after LT, with sicca syndrome, 
osteoporosis, and/or thyroid disease reported.’ Exacerbation of 
osteopenia/osteoporosis in the immediate post-LT period occurs 
in all LT recipients, but because patients with PBC have a higher 
prevalence of preexisting osteopenia/osteoporosis than other 
causes of cirrhosis, they are at higher risk of fracture after LT.’ 
The effect of immunosuppressive drugs, especially corticosteroids, 
coupled with suboptimal nutrition, low muscle mass, and 
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90 59 36 12 3 


e Fig. 53-19 Cumulative incidence probability of primary biliary chol- 
angitis recurrence after liver transplantation. Dotted black lines are 
upper and lower boundaries of the 95% confidence interval. Pts, 
Patients. (From Bosch A, et al. Liermann R, et al. Preventive administration 
of UDCA after liver transplantation for primary biliary cirrhosis is associated 
with a lower risk of disease recurrence. J Hepatol 2015;63:1449-1458.) 


immobility may contribute. The incidence of fracture is highest 
in the first year, reaching 38% in PBC patients and thereafter is 
much less frequent, although 53% of patients had sustained a 
fracture by 8 years after LT.’ Other PBC-associated comorbidi- 
ties do not appear to be affected by transplant and/or immuno- 
suppression, although this area is understudied. 


Risk Factors for Recurrent Primary 

Biliary Cholangitis 

Several studies have examined the factors associated with recurrent 
PBC (Table 53-12). Given the genetic predisposition that under- 
lies PBC, studies of patients after LT have sought to examine the 
role of genetic variants in recurrent PBC. Donor-recipient human 
leukocyte antigen (HLA) mismatch was identified as an indepen- 
dent risk factor for disease recurrence following living related 
donor LT.** Two other large studies in DDLT have shown an 
association between HLA mismatches, especially in the DR locus, 
and recurrent PBC*****’ In contrast, Jacob et al.”® found that 
patients without an HLA-B mismatch were at higher risk of 
disease recurrence. 

Several studies have reported an association between younger 
recipient age and recurrent PBC.*?**’*°*8 Donor-related 
factors including older donor age and longer cold and warm 
ischemia times are identified as predictors of recurrent PBC in 
some studies.°?”*?”5°8° One study found donor-recipient sex 
mismatch was associated with a lower risk of recurrent PBC, 
suggesting male donors may be protective.*”* Several but not all 
analyses (mostly retrospective, single-center series) reported that, 
when compared with cyclosporine, tacrolimus-based immuno- 
suppression is associated with a higher frequency of and shorter 
time to PBC recurrence after transplant.” 3 However, a large 
meta-analysis evaluating 16 studies summarizing 1241 patients 
failed to confirm that tacrolimus- and cyclosporine-based immu- 
nosuppressive regimens are differentially associated with PBC 
recurrence.” Presently, no specific immunosuppressive regimen 
can be recommended as superior to another in terms of prevent- 
ing recurrent PBC. 


Overview of Overall 5-Year Survival, Risk of Recurrence, and Risk Factors for Recurrent Primary 


Overall 5-yr survival 85% 80% 


Biliary Cholangitis, Primary Sclerosing Cholangitis, and Autoimmune Hepatitis 


80% 


Risk of recurrence 27% at 5 yr 


11% at ~4.75 yr 


16-43% 


Risk factors associated with | HLA-DR3-positive recipients 


Male recipient 


Severe necroinflammation 


recurrence HLA-B recipient-donor mismatch — Recipient-donor sex mismatch in native liver 
Severe necroinflammation in Extended donor criteria graft Poorly controlled AIH pre-LT 
native liver Acute cellular rejection Concurrent autoimmune diseases 
Younger recipient age Prolonged use of steroids Rapid weaning of corticosteroids 
Older donor age Intact colon in recipient post-LT 
Prolong cold and warm Presence of ulcerative colitis in recipient 
ischemia times Use of muromonab-CD3 
Presence of cholangiocarcinoma before transplant 
Cytomegalovirus infection in recipient 
Repeated transplant rate <5% ~10% <5% 


AIH, Autoimmune hepatitis; HLA, human leukocyte antigen; PBC, primary biliary cholangitis; PSC, primary sclerosing cholangitis. 
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Diagnosis of Recurrent Primary 
Biliary Cholangitis 


The diagnosis of recurrent PBC can be difficult, as the diagnostic 
criteria rely heavily on compatible histology and exclusion of other 
causes. Antimitochondrial antibody, the serologic hallmark of 
PBC, remains present after transplant and thus has no diagnostic 
value for disease recurrence. In contrast, elevated immunoglobulin 
M levels have been shown to more frequent in patients with recur- 
rent PBC than those without in one study; with a value more than 
1.1 times upper limits of normal having an accuracy of 85% for 
the diagnosis of recurrent PBC.*” This suggests that immuno- 
globulin M levels may help in identifying transplant recipients 
who should be considered for liver biopsy. Because histologic 
disease can predate the onset of liver test abnormalities, reliance 
on liver tests to identify those with recurrent PBC will lead to 
underdiagnosis. In one prospective study with protocol biopsies, 
recurrent histologic disease was present in up to 48% of patients 
in the absence of elevated liver enzyme levels.’ This has led to 
experts advocating for use of protocol biopsies.” Addition- 
ally, the typical cholestatic liver enzyme pattern (elevated alkaline 
phosphatase and y-glutamy! transpeptidase levels) seen with PBC 
can be caused by other common conditions in the transplant 
setting, including (but not limited to) AR or chronic rejection, 
viral infections, and bile duct or hepatic vein/artery disease. Thus 
review by an expert pathologist is necessary, and other diagnostic 
tests may be needed to exclude those conditions with overlapping 
histologic features such as chronic rejection or drug toxicity. 

Diagnostic criteria for definite and probable recurrent PBC 
have been proposed (see Table 53-11).°”’ The hallmark histologic 
feature of PBC is the presence of a typical florid duct lesion 
(granulomatous cholangitis) or destructive lymphocytic cholangi- 
tis within a dense portal infiltrate. These findings plus the exclu- 
sion of AR are consistent with definite recurrent PBC. The 
presence of a dense lymphoplasmacytic portal infiltrate or moder- 
ate lymphocytic cholangitis without the typical florid bile duct 
lesion is less specific.*”*””' Whether these latter lesions will pro- 
gress to classic recurrent PBC and be a risk factor for recurrent 
PBC cirrhosis is unknown. 


Management of Recurrent 
Primary Biliary Cholangitis 


Charatcharoenwitthaya et al.*” were the first to report that treat- 


ment with UDCA normalizes liver enzyme levels in approxi- 
mately half of patients with PBC recurrence. Other single-center 
studies have confirmed that UDCA decreases alkaline phospha- 
tase levels in most patients but was not associated with significant 
improvements in liver histologic features or patient and graft 
survival.**° More recently, a French multicenter study’”* reported 
on 90 recipients who underwent LT for PBC and who were fol- 
lowed up for an average of 12 years, 19 of whom had been receiv- 
ing UDCA since LT. Recurrence was diagnosed in 48 patients 
(53%). In both univariate and multivariate Cox models, use of 
UDCA was the only factor that significantly affected the risk of 
PBC recurrence (HR 0.31, 95% CI 0.11 to 0.85).°”* Although 
this may suggest a role for UDCA treatment as prophylaxis 
for PBC recurrence after transplant, neither recurrence itself 
nor UDCA prophylaxis affected posttransplant patient/graft 
survival. 

Whether UDCA affects the outcome of recurrent PBC after 
transplant remains somewhat unclear, although a beneficial effect 


might be anticipated given its well-documented effects on disease 
progression and transplant-free survival in the nontransplant 
setting.” Because life expectancy after LT is increasing, clini- 
cally relevant PBC recurrence may become more frequent in 
long-term survivors. Thus although no guideline currently recom- 
mends the use of UDCA in LT recipients with PBC, the results 
of the French cohort study coupled with the known survival 
benefits of UDCA in the nontransplant setting provide a rationale 
for its consideration. The appropriate timing and dose of UDCA 
use in transplant recipients is unknown. 

In the nontransplant setting, several novel drugs have recently 
been suggested to be beneficial in PBC patients who do not com- 
pletely respond to UDCA.” The farnesoid X receptor agonist 
obeticholic acid has been approved by the FDA for the treatment 
of PBC patients with a suboptimal response to UDCA.”” It has 
not been studied in the transplant setting, and whether this 
therapy will play a role in the management of recurrent PBC after 
LT remains to be seen. 


Primary Sclerosing Cholangitis 
and Liver Transplantation 


Primary sclerosing cholangitis (PSC) is a chronic progressive 
inflammatory disease affecting the extrahepatic and/or intrahe- 
patic bile ducts, leading to biliary fibrosis/cirrhosis, recurrent 
cholangitis, and/or cholangiocarcinoma. PSC is the fourth leading 
indication for LT in the United States.*”* Approximately 4% to 
5% of adult transplant recipients in the Western world are per- 
formed for PSC.*”” 

PSC is believed to be an autoimmune disease associated with 
certain immunologic factors, including specific subtypes of 
HLAs*” and the presence of antineutrophil cytoplasmic antibod- 
ies.“ There is a strong association of PSC with inflammatory 
bowel disease (IBD) of the colon. In colonic IBD, gut bacteria 
and endotoxins may translocate across a chronically inflamed and 
more permeable colonic mucosa into the portal circulation. This 
may subsequently lead to activation of Kupffer cells and the 
release of proinflammatory cytokines mediating biliary tree 
inflammation.“ Activated intestinal lymphocytes, which are 
released into the enterohepatic circulation and may persist as 
memory cells, may also be involved in generating hepatic inflam- 
mation.“ Increased hepatic expression of adhesion molecules 
(vascular cell adhesion protein 1 and mucosal addressin cell adhe- 
sion molecule) in PSC contributes to recruitment of immune cells 
into the tissue.“°°“’ It has been hypothesized that persistence of 
such aberrant homing of lymphocytes from the intestine to the 
liver may contribute to disease recurrence in the graft.“ 

Patents with PSC are at increased risk of developing cholangio- 
carcinoma and gallbladder carcinoma, and for those patients with 
IBD, there is an increased risk of colorectal neoplasia.” LT 
(and the accompanying cholecystectomy) essentially eliminates 
the significant risk of hepatobiliary cancers in patients with PSC, 
but those with intact colons and IBD remain at risk of colonic 
neoplasms after LT. 


Natural History After Liver Transplantation 


LT for PSC is associated with excellent long-term patient survival 
of more than 80% and 70% at 5 years and 10 years respec- 
tively.““!! Recurrent PSC is being increasingly recognized but is 
not universal.“!'“"? As with recurrent PBC, there are challenges in 
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estimating the risk of recurrence because of the variability in the 
diagnostic criteria used to establish the diagnosis of recurrent 
PSC, the presence of conditions that may mimic recurrent PSC, 
and the duration of follow-up. With these caveats in mind, the 
estimated rates of recurrent PSC range from 10% to 27%.“ 
In a systematic review of disease recurrence after LT, the weighted 
recurrence rate of PSC across 14 different studies was 11% with 
a median follow-up time of 58 months (range 53 months to 77 
months) (see Table 53-12).°”° The median time to recurrent PSC 
is difficult to assess but is estimated to be 3 years to 5 years, 
depending on the type and timing of the diagnostic procedures 
used during follow-up. 7004? 

Short-term and mid-term patient and graft survival do not 
appear to be impaired by PSC recurrence. However, with longer 
patient follow-up, recurrence of PSC appears to affect graft 
outcome and may increase the need for retransplantation. 4243 
The need for repeated LT for graft failure secondary to recurrent 


disease is higher in PSC (12.4%) than in PBC (1% to 5%).°”” 


Risk Factors for Recurrent Primary 
Sclerosing Cholangitis 


Numerous risk factors for PSC recurrence have been proposed, 
including male recipient,“ and recipient-donor sex mismatch,‘ 
recipient age, albeit inconsistently (older or younger), an intact 
colon in the recipient before LT,*"” the presence of ulcerative 
colitis after LT,’ use of extended donor criteria grafts,” acute 
cellular rejection,’ steroid-resistant acute cellular rejection,*'**”* 
use of muromonab-CD3,*”* maintenance of steroid therapy for 
ulcerative colitis for more than 3 months before LT,*” the pres- 
ence of cholangiocarcinoma before LT,” and CMV infection in 
the recipient (see Table 53-12).“*°° Several of the aforemen- 
tioned associations may relate to the difficulty in distinguishing 
recurrent PSC from other causes of biliary duct injury and biliary 
structuring, such as the use of extended criteria donors and 
steroid-refractory rejection. However, it is also possible that these 
conditions produce an injury to the biliary epithelium with 
increased expression of previously unexposed epitopes that trigger 
the defective autoimmune response, resulting in recurrent PSC.*”” 
Alternatively, preexisting immune responses to self-antigens in 
patients with PSC may augment alloimmune responses and lead 
to AR and/or chronic rejection. 

The key immunologic factors identified include liver allografts 
from HLA-DR52-positive donors (protective), the presence of 
HLA-DRB1*08 in the recipient (increased risk),“”*“”” the CCR5- 
A32 mutation,*”’ and donor and recipient MMP2 polymorphisms 
(associated with post-LT nonanastomotic strictures).“°' A high 
rate of recurrence has been reported in recipients of grafts from 
first-degree living related donors, with PSC recurrence being 
observed in two relatively small single-center series from Japan in 
55% and 59% of recipients respectively. >“? However, a recent 
single-center North American study found no difference in the 
incidence of clinically apparent PSC in patients with first-degree 
living donors versus non—first-degree living donors or deceased 
donors.“* Use of cyclosporine or tacrolimus-based immunosup- 
pression did not seem to affect risk of PSC recurrence." 

PSC develops in approximately 5% of patients with IBD. 
Conversely, up to 85% of patients with PSC ultimately develop 
IBD.“ Studies in adult populations have yielded conflicting 
results regarding potential interaction between disease severity of 
IBD and risk of PSC after LT. A study from the United Kingdom*”* 
reported that PSC patients needing LT were more likely to have 
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clinically quiescent ulcerative colitis than PSC patients not 
needing transplant (p = 0.002) and a U.S. study *” reported that 
more PSC transplant recipients remained in ulcerative colitis 
remission (69%) compared with PSC patients who did not receive 
an LT (15%) (p < 0.001). In contrast, a Canadian study** found 
that the activity of IBD, both clinically and histologically, 
increased after LT. In a large cohort of patients who underwent 
LT for PSC (n = 230), the rates of PSC recurrence were lower in 
patients who had undergone colectomy before or at the time of 
LT compared with patients with an intact colon after LT (p = 
0.028).“”? This is compatible with the hypothesis that an inflamed 
colon can trigger liver inflammation and the risk of recurrence in 
the graft. However, this association is not established well enough 
to recommend prophylactic colectomy. Regardless of whether 
this association is related to an immune mechanism or a toxic 
effect,” it underscores the importance of adequate control of 
colonic IBD after LT. 

All these reported associations are derived from retrospective 
analyses of single-center cohorts of small to moderate size. The 
inherent limitations of that study design prevents strong conclu- 
sions from being drawn regarding the factors promoting recur- 
rence versus protecting the PSC transplant recipient from 
developing recurrence. However, given the absence of any known 
therapy to treat recurrent PSC and the high need to prevent graft 
losses from recurrent disease, identification of patients at high risk 
of recurrence is important and may yield insights into factors that 
are potentially modifiable. 


Diagnosis of Recurrent Primary 
Sclerosing Cholangitis 


Similarly to PBC, diagnosis of recurrent PSC is often challenging 
because of the difficulty in distinguishing it from other conditions 
potentially leading to nonanastomotic biliary strictures. These 
includes ischemia-related biliary insults associated with ischemia- 
reperfusion injury, hepatic artery thrombosis and/or chronic duc- 
topenic rejection, bacterial or fungal cholangitis, and ABO 
incompatibility between the donor and the recipient.” The 
diagnosis largely relies on radiologic demonstration of diffuse, 
nonanastomotic biliary strictures in a patient who had undergone 
LT for PSC, and excluding the aforementioned causes of diffuse, 
nonanastomotic biliary stricturing. The diagnosis may be further 
supported by liver biopsy, but established fibro-obliterative bile 
duct lesions and periductal concentric fibrosis are seen in only a 
minority of patients with PSC recurrence.“ The most commonly 
used criteria for the diagnosis of recurrent PSC after LT are the 
Mayo Clinic criteria originally proposed by Graziadei et al.*"! 
(Table 53-13). These criteria are conservative and require that 
other causes of nonanastomotic biliary strictures in the graft be 
ruled out. 


Management of Recurrent Primary 
Sclerosing Cholangitis 


There is no established treatment for recurrent PSC after LT. 
Prophylaxis and/or treatment with UDCA is practiced in many 
centers because it improves the liver biochemical profile, but there 
is no evidence that this changes the natural history of PSC after 
LT. It seems unlikely that UDCA will improve outcomes 
given that UDCA does not improve outcomes of PSC in the 
nontransplant setting.” That said, UDCA lowers the risk of 
developing colon dysplasia leading to colon adenomas and 
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WAJ83 Mayo Clinic Criteria for Recurrent Primary 
ZAKE Sclerosing Cholangitis After Liver 
Transplantation*"' 


1. Inclusion criteria 
a. Confirmed diagnosis of primary sclerosing cholangitis before 
liver transplantation 
b. Cholangiography showing nonanastomotic intrahepatic and/or 
extrahepatic biliary strictures with beading and irregularities of 
bile ducts at least 90 days after liver transplant and/or 
c. Histopathologic findings of fibrous cholangitis and/or 
fibro-obliterative lesions 
2. Exclusion criteria 
a. Hepatic artery thrombosis or stenosis 
b. Chronic ductopenic rejection 
c. Anastomotic and nonanastomotic strictures before day 90 after 
liver transplant 
d. ABO-incompatible liver transplant 


carcinomas in patients with ulcerative colitis and PSC; thus its 
use may be justified for LT recipients with PSC and intact 
colons.*"* 

On the basis of the associations between AR and recurrent 
PSC, immunosuppressive approaches should minimize any risk 
of rejection. Along similar lines, prevention of CMV infection 
with prophylaxis, possibly for a more extended duration, is a 
consideration in PSC patients at high risk of recurrence. Prospec- 
tive assessment of these and other measures that may change the 
risk of recurrent PSC are needed. 

In the absence of any effective medical prophylaxis/therapy for 
PSC recurrence after LT, symptomatic treatment of biliary stric- 
tures and their complications, such as cholangitis or choledocho- 
lithiasis, remains the only option. As in the nontransplant setting, 
dominant strictures may be managed temporarily by percutaneous 
or endoscopic means, but many patients with PSC recurrence 
after LT will eventually have to be considered for repeat LT. 


Autoimmune Hepatitis and 
Liver Transplantation 


Autoimmune hepatitis (AIH) is a relatively rare, progressive, 
inflammatory chronic liver disease that mainly affects women 
and is typically associated with circulating autoantibodies (in 
particular, high titers of antinuclear and anti-smooth muscle 
antibodies) and increased levels of serum immunoglobulin G. Its 
pathogenesis remains ill-defined but both genetic predisposition 
and triggering environmental factors are thought to play a 
role.“ LT may be indicated in AIH for both end-stage cir- 
rhosis and acute liver failure. The latter is an acute exacerbation 
of the preexisting, underlying chronic disease in most cases, 
although acute liver failure occurs in children and young adults. 
AIH is globally one of the rarer indications for ii~ likely due 
to a combination of low incidence rates and highly effective 
medical therapy. Medical therapy is able to prevent disease pro- 
gression and to avoid LT in almost 90% of patients; treatment 
with immunosuppressive regimens has been associated with 
excellent 10-year survival rates ranging from 80% to 93%.“ 
Approximately 10% of patients will eventually require LT, in 


particular when medical treatment does not lead to remission 
within 4 years.“ AIH accounts for only 4% to 6% of LTs in the 
United States” and 3% in Europe.‘ 

p 


Natural History After Liver Transplantation 


LT for end-stage AIH achieves excellent outcomes, with patient 
survival rates at 1 year and 5 years of approximately 90% and 
80% respectively.“ AIH recurrence in the allograft was first 
reported by a Kings College group in 1984*” and was subse- 
quently confirmed by several other reports.’”*“” Recurrence rates 
between 16% and 43% have been reported for patients who 
underwent LT for AlH-related cirrhosis and increase with the 
time from LT (see Table 53-12).4**°“* Similarly to PSC and 
PBC, the exact frequency of recurrent AIH, its time course, and 
its impact on patient and graft survival remain ill-defined, as 
routine follow-up with protocol liver biopsy is not standard for 
AIH patients in most LT programs. 

Patients with recurrent AIH are not reported to have a signifi- 
cantly worse survival than AIH patients without recurrent AIH, 
with an estimated 5-year patient survival of at least 78%.“ In a 
large, single-center analysis of the rate and cause of graft loss 
among LT recipients, the percentage of grafts lost to recurrent 
AIH was 6.2%, which although a low rate, represented a four fold 
increased risk of graft loss compared with patients with recurrent 
PBC.*”’ Among the patients with AIH who experienced graft loss, 
19% of cases were attributable to recurrent AIH.“ The median 
time to graft loss with recurrent AIH was only 525 days (1.4 
years), which is considerably shorter than the time to graft loss 
among patients with recurrent PBC, PSC, or HCV infection.” 
Recurrent AIH can have an aggressive course after LT that may 
be refractory to immunosuppressive therapy and culminate in 
death or consideration of repeat LT. However, less than 5% of 
patients require another LT for disease recurrence.**?“°*“°° 


Risk Factors for Recurrent 
Autoimmune Hepatitis 


Several risk factors, including certain HLA patterns, have been 
reported to predispose to recurrent AIH after LT but the results 
are conflicting and risk factors for recurrent AIH remain ill- 
defined. A strong association of HLA-DR3 or HLA-DR4 was 
observed by some researchers, but others failed to find an associa- 
tion with HLA type.“ Recurrent disease does not seem 
to be associated with incidence rates of AR or with the degree of 
donor-recipient HLA mismatching.“ 

In addition, the incidence of AIH recurrence was not different 
with cyclosporine-based compared with tacrolimus-based immu- 
nosuppression, nor was it associated with pretransplant or post- 
transplant overall dose and duration of corticosteroid treatment.”” 
Rapid weaning of patients of steroids after LT has been suggested 
to be associated with higher recurrence rates and therefore should 
be exercised with caution in patients who underwent LT for AIH 
(see the section entitled “Management of Recurrent Autoimmune 
Hepatitis”). ATH that is poorly controlled before LT has been 
reported to be associated with a higher risk of recurrence after LT. 
Ayata et al.“ found that severe necroinflammatory activity in the 
explant predicts AIH recurrence. In addition, coexistent auto- 
immune diseases and high levels of transaminases and immuno- 
globulin G before transplant have been reported to be associated 
with an increased risk of AIH recurrence.*” 
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ATH can also develop de novo after LT among recipients who 
underwent LT for nonautoimmune causes, with the disorder 
seeming to have a predilection for children, but occurring in 
adults as well, particularly in the setting of interferon-based 
therapy.“ The pathogenesis of this disorder is unknown but 
the disorder appears to respond to treatment with increased 
immunosuppression, although it can progress to graft loss if it is 
not successfully treated.““° 


Diagnosis of Recurrent Autoimmune Hepatitis 


There is no single specific biomarker to diagnose recurrent AIH 
after LT. The diagnosis rests on the presence of having compo- 
nents of the diagnostic criteria (Table 53-14).°”**”""* It is essential 
to rule out other causes of a hepatitic pattern of liver damage, 
including acute cellular rejection, viral infections, and drug- 
induced liver injury.““°****” It can be particularly difficult to dis- 
criminate between late, often histologically atypical acute cellular 
rejection and recurrent AIH. However, treatment of both entities 
requires increased immunosuppression, and thus the distinction 
is of limited consequence for immediate clinical management. 
As histologic evidence of recurrence may precede biochemical 
abnormalities in up to 25% of patients,“ and early diagnosis 
seems to be key for successfully managing AIH recurrence,‘ 
protocol liver biopsies may be useful in early detection and 
management. 


Management of Recurrent 
Autoimmune Hepatitis 


The management of AIH after LT uses the same rules as before 
LT with provision of sufficient immunosuppression to prevent 
recurrent AIH and/or AR while simultaneously seeking the lowest 
possible dose to minimize immunosuppression side effects. Most 
experts recommend these patients receive azathioprine or MMF 
as part of their immunosuppressive regimen. The issue of steroid 
withdrawal is controversial, and many centers continue to use 
steroids at a low dose after LT.*”” 

Most patients with recurrent AIH respond to intensified 
immunosuppressive therapy in the form of either reintroduction/ 
addition or increasing the dose of corticosteroids and/or other 
immunosuppressive agents.” In treatment failure, augmenting 
the standard immunosuppressive regimen with a mycophenolate 
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LT for confirmed diagnosis of autoimmune hepatitis 

Elevated levels of serum aminotransferases 
Hypergammaglobulinemia (IgG level) 

Presence of autoantibodies (ANA, SMA, and/or anti-LKM1) 
Compatible histopathologic features (interface hepatitis with portal 
inflammation and/or lymphoplasmacytic inflammatory infiltrates) 
Response to corticosteroids 

Exclusion of differential diagnostic considerations (including late/ 
atypical, acute cellular rejection) 


Sle Eo | 


alien 


ANA, Antinuclear antibody; anti-LKM1, liver-kidney microsomal type 1 antibody; /gG, immu- 
noglobulin G; L7, liver transplantation; SMA, smooth muscle antibody. 


preparation,’ switching from one calcineurin inhibitor to 
another,” or replacing the calcineurin inhibitor with sirolimus 
have all been successfully tried.*” 


Nonalcoholic Fatty Liver 
and Liver Transplantation 


Nonalcoholic fatty liver disease (NAFLD) is widely considered to 
be the hepatic manifestation of metabolic syndrome. It is an 
important emerging cause of cirrhosis in the United States, with 
the increasing prevalence mirroring the rising rates of diabetes and 
obesity.“ Patients with nonalcoholic steatohepatitis (NASH) are 
at greatest risk of progressive fibrosis and eventual complications 
of cirrhosis, including liver failure and HCC. NASH is also 
thought to be the underlying cause of cryptogenic cirrhosis in 
patients with features of metabolic syndrome.**' Compared with 
the general population, patients with NASH have an increased 
risk of death in association with HCC.“*? NASH has become the 
third most common indication for LT, with a trajectory to become 
the most common in the next 10 years (Fig. 53290)" 


Natural History After Liver Transplantation 


Published center outcomes for NAFLD-related liver disease have 
differed widely. In a single-center study from Germany of 40 
consecutive NASH patients who underwent LT between 2007 
and 2011, it was found that 25% died of cardiogenic shock and 
infectious complications within the first month, and the 1-year 
survival rate was only 42%. A large number of these patients 
(22%) had a body mass index greater than 35 kg/m? at the time 
of surgery. A single-center study from the United States also 
reported a higher rate of early death among NAFLD versus non- 
NAFLD patients but no influence on 3-year outcomes.**’ In a 
study comparing NAFLD and alcohol-related liver disease,“ no 
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e Fig. 53-20 Longitudinal U.S. trends in the frequency of indications 
for liver transplantation (LT). Longitudinal trends in the frequency of indi- 
cations for LT in the United States are shown for 2002 through 2014. 
Nonalcoholic steatohepatitis (NASH) and cryptogenic cirrhosis (CC) have 
been combined to account for the high frequency of NASH as a cause of 
cryptogenic cirrhosis. Alcoholic liver disease (ALD) has also had a surge 
as an indication for LT. (Data from Scientific Registry of Transplant Recipi- 
ents.) HCV, Hepatitis C virus. (From Pham T, Dick TB, Charlton MR. 
Nonalcoholic fatty liver disease and liver transplantation. Clin Liver Dis 
2016;20:403-417.) 
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difference in survival or graft failure was evident with follow-up to 
9 years. Sepsis was the most common cause of death, followed by 
cardiovascular complications. Similarly, a single-center study from 
Northwestern University (United States) found no difference in 
patient, graft, or cardiovascular mortality between patients who 
underwent LT for NASH and alcohol-related cirrhosis during 
a 12-month or longer follow-up.“ However, it was noted that 
NASH patients were likelier to have metabolic syndrome at the 
time of LT and to experience a cardiovascular event within the 
first postoperative year (odds ratio 4.12; 95% CI 1.91 to 8.90).**° 

Results from larger multicenter registry studies portray com- 
parable posttransplant outcomes with follow-up periods up to 5 
years. In a study by the Ohio Solid Organ Transplantation Con- 
sortium, 2356 patients who underwent LT for NASH, hepatitis 
C, and alcoholic liver disease (ALD) were examined.“*” No differ- 
ence in survival among the three groups at 30 days and 1 year 
after transplant was evident. At 3 years and 5 years after trans- 
plant, patients with NASH had improved survival as well as graft 
survival compared with those with HCV-related liver disease.**” 
An analysis of 35,781 adult patients from the Scientific Registry 
of Transplant Recipients who underwent primary LT from 2001 
to 2009 showed similar 1-year and 3-year survival rates between 
those who underwent LT for NASH (84% and 78%, respectively) 
and those who underwent LT for non-NASH indications (87% 
and 78% respectively; p = 0.67).“® The most common causes of 
long-term death are malignancy, cardiovascular disease, infections, 
and renal insufficiency (Fig. 53-21).“*’ Data encompassing 53,738 
patients demonstrated 1-year, 3-year, and 5-year survival rates of 
87.6%, 82.2%, and 76.7% respectively for NASH, which was in 
turn found to be superior to the survival of patients who under- 
went transplant for HCC, hepatitis C, and ALD, among others.“ 
On balance, on the basis of the results of analyses of large, pro- 
spective registries, short- and medium-term morbidity notwith- 
standing, posttransplant patient and graft survival in patients with 
NASH as indication for LT seem to be comparable for patients 
undergoing LT for other indications. 
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e Fig. 53-21 Frequency of nonhepatic causes of death among liver 
transplant recipients. The frequency of nonhepatic causes of death 
among liver transplant recipients, including those with nonalcoholic ste- 
atohepatitis (NASH) or cryptogenic cirrhosis, are shown. Malignancy, 
infections, cardiovascular disease, and renal insufficiency, all exacerbated 
by metabolic syndrome and immunosuppression, are common causes of 
death at 1 year and 12 years after liver transplantation. Recurrence of 
NASH is an unusual cause of death. (From Pham T, Dick TB, Charlton 
MR. Nonalcoholic fatty liver disease and liver transplantation. Clin Liver 
Dis 2016;20:403-417.) 


Simple steatosis (grade >2) is very common after LT, occur- 
ring in two thirds of NASH LT recipients in the first postopera- 
tive year, a frequency that is significantly higher than observed 
in other indications.“*® The prevalence of steatohepatitis is also 
high, occurring in approximately half of LT recipients with 
NASH by the second postoperative year.’ The frequency of 
NASH with a fibrosis stage of 2 or greater is highly variable, 
from 5% to more than 50% of recipients by postoperative 
year 5.“ However, the larger cohort studies find less than 5% 
of NASH recipients develop cirrhosis in the medium term.*”! 
An important exception to the low frequency of progressive his- 
tologic disease is in LT recipients with NASH and hypopituita- 
rism, who may experience rapid recurrence of NASH and 
advanced fibrosis and graft loss.*”” 


Risk Factors for Recurrent Nonalcoholic 
Fatty Liver Disease 


The risk factors for recurrent NAFLD, and particularly recurrent 
NASH, are incompletely known. The traditional risk factors asso- 
ciated with NAFLD (insulin resistance, obesity, dyslipidemia, 
hypertension) are highly prevalent in the post-LT patient popula- 
tion, due in large part to side effects from immunosuppressive 
medications. Thus the frequency of these metabolic comorbidities 
among NASH LT recipients is high, and associations with recur- 
rent NASH have been identified in the studies to date.” 
Obesity and/or weight gain, diabetes or insulin use, and dyslip- 
idemia and prednisone use are the most frequently cited associa- 
tions with recurrent graft steatosis.” One study identified 
donor steatosis as a risk factor, and another found recipient but 
not donor PNPLA3 GG carriers were associated with recurrence 
of steatosis.” Larger studies of longer duration with sequential 
evaluation of liver disease by biopsy or noninvasive tests are 
needed to better define the relative importance of the many factors 
identified to date, and those which can be potentially modified 
to change the risk of progressive disease. 


Diagnosis of Recurrent Nonalcoholic 
Fatty Liver Disease 


Liver biopsy is the current gold standard for distinguishing simple 
steatosis from steatohepatitis. Natural history studies indicate that 
most patients who undergo LT for NASH will develop recurrent 
steatosis and a likely a subset will progress to NASH with progres- 
sive fibrosis. How best to assess patients for the presence, recur- 
rence, and severity of fatty liver disease in the transplant setting 
is unclear. There is no specific recommendation to undertake 
protocol liver biopsies to monitor for recurrence of disease, 
although this may change as additional natural history data are 
accumulated and therapeutic interventions emerge. Because meta- 
bolic risk factors appear to be linked to risk of recurrent NASH, 
selective use of liver biopsy or other monitoring tools in those 
with diabetes or weight gain may be considered. A combination 
of a normal alanine aminotransferase level (<40 IU/L) and an 
ultrasound examination that is negative for hepatic steatosis has 
been reported to have a 100% negative predictive value for recur- 
rence of NASH.*”” Thus liver biopsies would be best considered 
in patients with steatosis on ultrasound examination and/or per- 
sistently elevated levels of transaminases. In the nontransplant 
setting, magnetic resonance elastography has emerged as a 
dynamic, sensitive, and specific tool for screening patients for and 
determining the amount of fibrosis secondary to NASH.“**”” 
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However, the use of this technique has yet to be studied in LT 
recipients. 


Management of Recurrent Nonalcoholic 
Fatty Liver Disease 


There are no established therapies for prevention or treatment of 
NASH in the post-LT setting. Vitamin E, pioglitazone, metfor- 
min, and obeticholic acid have shown promise in the treatment 
of NASH in the nontransplant population but none of these 
agents have received FDA approval.’ Optimized weight and 
metabolic parameters (hypertension, dyslipidemia, and diabetes) 
are the cornerstones of management of post-LT NASH and to 
reduce the risk of cardiovascular complications. Weight loss has 
been shown to attenuate the histologic features of NASH in the 
nontransplant setting, ™ but weight gain rather than weight loss 
occurs in most LT recipients.” 

Some the pharmacologic considerations afforded to NASH 
patients in the pretransplant setting, although not tested in the 
setting of post-LT NASH, are potentially applicabl. Glycemic 
control is important in patients with NASH who have type 2 
diabetes mellitus and metformin has been reported to improve 
the histologic features of NASH.*” Vitamin E at 800 IU/day was 
superior to both pioglitazone (30 mg/day) and placebo in improv- 
ing histologic features of NASH in patients with type 2 diabetes 
mellitus in a large, multicenter study. Pioglitazone use is associ- 
ated with weight gain” and has a signal for potential hepatotoxic- 
ity. The weight gain associated with thiazolidinediones may, in 
the medium and long term, negate their modest reported histo- 
logic benefits. 

Bariatric surgery has been performed concurrent with LT, and 
after LT and appears to be a potentially promising means of treat- 
ing patients with significant metabolic complications, including 
recurrent NASH.” Because of concerns regarding medication 
malabsorption, restrictive procedures are preferred over malab- 
sorptive procedures, although the latter have been reported.” 
A recent systematic review of bariatric surgery for patients in the 
LT setting reported on 56 patients from 11 studies, with bariatric 
surgery performed before, during, and after LT in 2, 2, and 7 
studies respectively.”'° Sleeve gastrectomy was the most frequently 
used procedure. Overall mortality was nil in the immediate post- 
operative period, but 5.3% in the first postoperative year. Overall, 
losses of 53% and 66% of excess weight were achieved in trans- 
plant recipients at 1 year and 2 years after bariatric surgery, sug- 
gesting this is a feasible option for patients with significant 
metabolic complications. However, several important questions 
remain, including the best timing of bariatric surgery (before, 
during, or after), the best procedure yielding sustained improve- 
ments in metabolic parameters, and what patient-specific charac- 
teristics are associated with benefit versus harm with surgery. 


Alcoholic Liver Disease and Liver 
Transplantation 


ALD is the second most common diagnosis for patients undergo- 
ing LT in the United States and Europe (see Fig. 53.20)" 
Either alone or in combination with an HCV infection, it 
accounted for 20% of all primary transplants in the United States 
between 1988 and 2009 (>19,000 recipients).”"’ 

The criteria regarding pretransplant alcohol abstinence and the 
suitability of patients with alcoholic hepatitis for LT differ across 


transplant centers. France has moved away from the 6-month rule 
to a comprehensive psychosocial assessment, '* whereas the United 
Kingdom precludes LT in patients with alcoholic hepatitis,’ 
although this position has been challenged.’ In the United States 
the evaluation process usually results in the presentation of a 
comprehensive clinical and psychosocial assessment to the trans- 
plant program’s selection committee (see Chapter 50). 


Natural History After Liver Transplantation 


ALD patients selected for LT in the United States have pretrans- 
plant and posttransplant survival rates similar to those of LT 
recipients without ALD.’ An analysis of large multicenter 
databases from the United States and Europe showed greater 
mortality in patients with comorbid ALD and HCV infec- 
tion,’ >>" although this was not found in a single-center series.’'° 
However, the reported difference of ALD alone compared with 
ALD with HCV infection in LT recipients should close now with 
access to curative therapies for HCV infection in the posttrans- 
plant setting. 

Although ALD patients have survival rates similar to those 
of LT recipients without ALD, the causes of death after trans- 
plant differ between recipients with ALD and recipients without 
ALD. A retrospective analysis of the European Liver Transplant 
Registry’'' showed that cardiovascular causes and de novo malig- 
nancies were significantly overrepresented in patients who had 
undergone LT for ALD versus LT recipients without ALD. Simi- 
larly, in a U.S.-based prospective cohort of 780 primary graft 
recipients, ALD was significantly associated with the risk of car- 
diovascular death 1 year after LT.'’ Studies from the European 
Liver Transplant Registry and several single centers suggest that 
patients who undergo LT for ALD have an increased incidence 
of de novo cancers after LT, and these cancers are associated with 
worse survival.*'*°*! These studies do not show an association 
between new-onset cancers and alcoholic relapse. In some but 
not all of these studies, new tumors were concentrated in the 
aerodigestive tract. The stratification of cardiovascular deaths and 
new-onset cancers of the aerodigestive tract in patients receiv- 
ing LT for ALD strongly hints at a causal linkage with cigarette 
smoking. Smoking is prevalent in ALD patients undergoing an 
evaluation for LT, and recipients of LT for ALD who were smokers 
before LT quickly reestablish smoking at addictive levels.” If the 
link between cigarette smoking and death from either cancer or 
cardiovascular disease is correct, it points the way to improving 
posttransplant health through the promotion of smoking cessa- 
tion. Consequently, the ALD guidelines of the American Associa- 
tion for the Study of Liver Diseases™” recommend the following: 
(1) all patients with a prior diagnosis of ALD who are tobacco 
users should be encouraged to cease smoking (grade 1, level B), 
and (2) careful attention should be given to the risk of cardiovas- 
cular disease and/or new-onset cancers of the aerodigestive tract, 
especially in cigarette smokers (grade 1, level A). 

Earlier reports regarding the injurious effect of recurrent 
alcohol use in patients who underwent LT for ALD were limited 
by short duration follow-up and failure to distinguish the relapsers 
(i.e., recurrent excessive use) from patients with occasional slips. 
However, studies that included an adequate numbers of ALD LT 
recipients followed up for a sufficient duration after LT and iden- 
tified true relapsers (versus those with an occasional slip) show 
that allograft fibrosis and graft losses are seen among those who 
relapse to alcohol use.””* Consequently, lifelong abstinence from 
alcohol is recommended. The ALD guidelines of the American 


317 SORON Liver Transplantation 


Association for the Study of Liver Diseases state that all patients 
with a prior diagnosis of ALD should be encouraged to remain 
abstinent from alcohol (grade 1, level B).””’ Unfortunately, there 
are no high-quality studies addressing the best way to achieve 
long-term sobriety in this population. 


Risk Factors for Recurrent 
Alcoholic Liver Disease 


In 1997 a consensus conference of the American Association for 
the Study of Liver Diseases and the American Society of Trans- 
plantation concluded that “there is a strong consensus for requir- 
ing that most alcoholic patients should be abstinent from alcohol 
for at least 6 months before they can be listed for LT.””” This is 
often called the 6-month rule. The 6-month rule has been evalu- 
ated as a prognostic tool for predicting subsequent alcoholic 
relapse after LT. Retrospective data from single-center studies have 
yielded mostly conflicting data about whether duration of absti- 
nence is predictive of drinking after LT.” These data suffer 
from a lack of uniformity in the definition of relapse and return 
to harmful drinking. Although a meta-analysis of studies of 
“any use of alcohol” found that abstinence for 6 months or 
more pre-LT was independently but weakly predictive of post-LT 
drinking along with poor social support and a family history of 
alcoholism,” recent studies are more supportive of the associa- 
tion between the duration of abstinence and subsequent harmful 
or addictive drinking.” 

In the 1990s Beresford”? proposed a broad-based examination 
of psychologic health to assess the risk of relapse after LT. Favor- 
able factors include the acknowledgment by the patient of his or 
her addiction, the presence of strong social support (e.g., a spouse, 
a job, and a home), and four prognostic elements identified by 
Vaillant’’’ that are also indicative of social integration: substitute 
activities, a source of improved self-esteem or hope, a rehabilita- 
tion relationship, and a perception by the drinker of the negative 
consequences of alcoholic relapse. The negative prognostic factors 
are preexisting psychotic disorders, unstable character disorders, 
unremitting multidrug abuse, repeated and unsuccessful attempts 
at rehabilitation, and social isolation. Subsequent reviews have 
supported the importance of social integration as a predictor of 
posttransplant abstinence.” 

More recently, in a retrospective 5-year follow-up study, 387 
ALD patients who underwent LT at two European centers were 
evaluated for alcohol use after transplant.” All were required to 
have been abstinent for at least 3 months before transplant, 
although most had longer intervals of sobriety. Overall, 11.7% 
reported harmful drinking after LT.” Three pretransplant factors 
were predictive of harmful drinking: less than 6 months of absti- 
nence, a diagnosis of anxiety or depression, and positive findings 
with the High-Risk Alcoholism Relapse scale.” The High-Risk 
Alcoholism Relapse scale is a prognostic scale that counts the years 
of drinking, the number of drinks per day, and the number of 
previous inpatient rehabilitations for alcoholism. 


Management of Recurrent 
Alcoholic Liver Disease 


There is a paucity of investigations into the treatment of alcohol 
disorders after LT. In a Swedish study that used a structured 
management plan for ALD LT recipients that comprised an assess- 
ment by a psychiatrist skilled in the care of patients with alcohol- 
ism, the initiation of treatment in patients who had not been 


treated in the past, encouragement to participate in motivational 
enhancement, and the use of an abstinence contract, a reduction 
in the prevalence of alcohol use in comparison with a matched 
historical control group (48% vs. 22%) was observed,” although 
the data were not reported in terms of harmful drinking. Treat- 
ment initiatives targeting the subcohort of ALD patients with 
persistent cravings and certainly with those who have developed 
harmful drinking patterns will be necessary to maximize the long- 
term outcomes of LT recipients with ALD. 


Metabolic Liver Diseases 
and Liver Transplantation 


Wilson Disease 


Wilson disease is a rare autosomal recessive disorder of copper 
metabolism with a prevalence of 1 in 30000 in the general popu- 
lation. Wilson disease is an indication for LT in cases of acute 
liver failure or end-stage liver disease when medical treatment 
options fail. LT corrects the underlying hepatic metabolic defect 
of Wilson disease, represented by impaired biliary copper excre- 
tion. Thus recurrent liver disease from copper overload does not 
occur. 

Several reports show excellent post-LT survival both at 1 year 
and long term in most patients with Wilson disease, with some 
differences depending on the clinical presentation, acute liver 
failure or chronic liver disease, age at transplant, the era at trans- 
plant, and the center’s experience. There was a slightly higher 
survival rate for patients and grafts presenting with chronic liver 
disease compared with acute liver failure but the difference was 
not statistically significant.” The excellent outcome of these 
patients can be attributed to the relatively young age at transplant, 
low rate of comorbidities, lack of disease recurrence, and low rate 
of HCC. 

Copper metabolism normalizes quickly after LT. Copper over- 
load slowly resolves in extrahepatic organs but it is still unclear 
whether decoppering after living related donor LT from hetero- 
zygote donors is slower than decoppering after deceased donor 
transplant from nonrelated donors. Normalization of serum ceru- 
loplasmin levels is usually seen in the first month after LT. Most 
patients have marked reduction in urinary copper excretion, with 
normalization between 6 months and 9 months after transplant, 
and complete resolution of Kayser-Fleisher rings is seen in more 
than 60% of cases, with partial resolution in all of the posttrans- 
plant patients.”*°°” 


Hemochromatosis 


Both hereditary and secondary hemochromatosis are uncommon 
indications for LT, representing only 0.5% to 1% of cases.” 
According to data provided by the United Network for Organ 
Sharing, 177 adult deceased donor LTs were performed in the 
United States between January 1990 and July 2006 for hemochro- 
matosis.”” From 1990 to 1996, the posttransplant survival rates 
of patients with hemochromatosis (n = 177) at 1 year (79.1%) 
and 5 years (64.6%) were lower than the average 1-year (86.4%) 
and 5-year (73.8%) survival rates of all other transplant recipients 
(HR for death 1.38; 95% CI 1.12 to 1.71).°” In contrast, from 
1997 to 2006, patients with hemochromatosis (7 = 217) had 
excellent 1-year (86.1%) and 5-year (77.3%) posttransplant sur- 
vival rates, and these were not different from the post-LT survival 
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rates of all other transplant recipients (HR for death 0.89; 95% 
CI 0.65 to 1.22). LT recipients with hemochromatosis were 
likelier to die of infectious complications and cardiovascular 
disease and less likely to die as a result of graft failure than other 
LT patients.“ The posttransplant survival of patients with 
hemochromatosis, which was previously reported to be subopti- 
mal, has substantially improved in the past decade. Changes in 
selection criteria for transplant, risk modification through phle- 
botomy before LT, and improvement in immunosuppression are 
potential reasons for the better survival.” 

There have been conflicting studies on whether or not iron 
reaccumulates after LT. Powell’? conducted a survey on 10 LT 
centers worldwide. In 22 patients who underwent LT for hemo- 
chromatosis, nearly all patients had normalized serum transferrin 
saturation and ferritin values by 6 months after LT and these 
remained normal thereafter, with a mean follow-up of 2.8 years.” 
In addition, Stuart et al.’ failed to show iron reaccumulation 
after a mean follow-up of 47 months in four C282Y homozygous 
LT recipients. In contrast, Fagiuoli et al.“ identified recurrent 
iron deposition in all 10 patients dying after LT. The cause of 
death in nine of the 10 LT recipients was sepsis.” They concluded 
that there may in fact be an association between iron deposition 
and survival.” In a series reported by Farrell et al., post-LT 
liver biopsy samples revealed hepatocyte iron reaccumulation in 
five of seven patients. However, three of the five patients had high 
transfusion requirements preoperatively, with much of the stain- 
able iron in Kupffer cells,’ suggesting that blood transfusion 
during the perioperative period might be responsible. 

Reports of recipients of LTs from hemochromatosis donors 
who have persistent allograft siderosis after transplant have been 
published. In a study by Crawford et al.,“° two donors of iron- 
loaded grafts were found to be homozygous for the C282Y muta- 
tion. One recipient (wild-type for C282Y) underwent LT after 
fulminant hepatic failure and had persistent grade 2 to grade 3 
siderosis after 3 years despite a slight decrease in hepatic iron 
concentration and normal liver function test results. The other 
recipient of a C282Y homozygous allograft was heterozygous for 
the C282Y mutation and underwent LT for Wilson disease.” 
This patient had an increase in the degree of siderosis in the graft 
after 2 years and commenced phlebotomy therapy. Ismail et al.” 
reported a case of inadvertent transplant of a C282Y homozygous 
liver into an H63D heterozygous recipient who underwent ortho- 
topic LT for hepatitis B and C and alcohol abuse. After 2 years 
the patient had rapid hepatocyte iron overload on liver biopsy in 
the setting of recurrent hepatitis C but normal liver enzyme levels 
and was successfully treated with phlebotomy.” 

Collectively, there are insufficient data to recommend a specific 
monitoring plan for recurrence of iron overload after LT in 
patients with hereditary hemochromatosis. However, because the 
increased intestinal iron absorption that underlies the pathogen- 
esis of hereditary hemochromatosis persists after LT, hepatic iron 
may accumulate over time, albeit slowly. Certainly, within the first 
5 years after LT, iron accumulation seems to be very uncommon” 
but longer-term studies are lacking. Monitoring of serum ferritin 
and iron saturation on a periodic basis seems reasonable to 
monitor patients for possible hepatic iron accumulation and if 
this is identified, the management would be the same as in non- 
transplant patients. 


Conclusion 


LT is a life-saving therapy for patients with complications of end- 
stage cirrhosis or small HCC. However, many of the liver diseases 
that lead to cirrhosis and liver failure can recur after LT. Under- 
standing the natural history of recurrent disease and the factors 
contributing to the risk of recurrence and progression of disease 
once it has recurred can provide insights into interventions to 
modify the post-LT course. Recurrent viral diseases (hepatitis B 
and hepatitis C) have historically been the most challenging causes 
of recurrent disease and graft loss, but with advances in the use 
of prophylactic and therapeutic interventions, recurrent hepatitis 
B and hepatitis C are now infrequent causes of graft loss. Auto- 
immune diseases, including PBC, PSC, and AIH, recur with 
differing frequencies but can infrequently lead to graft loss. The 
means of identifying those at risk and modifying disease progres- 
sion for these conditions is largely unknown. Finally, the common 
conditions of NASH and ALD remain important causes of recur- 
rent disease, with prevention measures being at the heart of disease 
management. Collectively, the available studies in post-LT patients 
demonstrate the importance of diagnosis, management, and pre- 
vention of recurrent liver diseases to ensure long-term patient and 
graft survival. 


SUMMARY 


Recent Progress 

e Prophylactic regimens for hepatitis B patients are more varied and less 
dependent on use of HBIG. 

e Safe and highly effective antiviral therapy for hepatitis C has increased 
treatment options for both wait-listed patients and LT recipients. 

e Increasing experience with use of bariatric surgery in patients who 
have undergone LT for NAFLD 

e Renewed focus on identifying predictors of return to harmful drinking 
among patients who have undergone LT for ALD 


Knowledge Gaps 

e Risks versus harm of treating HCV-infected patients on the waiting list 
for LT 

Establishing the benefits of UDCA for prevention of recurrent PBC 
Lack of therapies to prevent recurrent PSC 

Defining the risk factors for recurrent NASH 

Prognostic tools for prevention of relapse to harmful alcohol use 

after LT 


Future Directions 

e identification of patients who have undergone LT for chronic hepatitis B 
who may be able to discontinue prophylactic therapy 

e Defining the most cost-effective strategies for management of hepatitis 
C in the peritransplant period 

e improved diagnostic tools to define recurrence of NASH 

e Novel, multidisciplinary approaches for prevention of alcohol-related 
liver disease after LT 
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ABBREVIATIONS 


AFLP acute fatty liver of pregnancy 

AIH autoimmune hepatitis 

ALT alanine aminotransferase 

APAP acetaminophen 

AST aspartate aminotransferase 

BCS Budd-Chiari syndrome 

DIC disseminated intravascular coagulopathy 

EIA enzyme immunoassay 

ERCP endoscopic retrograde cholangiopancreatography 

HAV hepatitis A virus 

HBIG hepatitis B immunoglobulin 

HBV hepatitis B virus 

HCC hepatocellular carcinoma 

HCV hepatitis C virus 

HELLP hemolysis, elevated liver enzymes, and low platelet 
count 

HEV hepatitis E virus 

HG hyperemesis gravidarum 

HIV human immunodeficiency virus 

ICP intrahepatic cholestasis of pregnancy 

LCHAD long-chain 3-hydroxyacyl coenzyme A dehydrogenase 

LDH lactate dehydrogenase 

LMWH low molecular weight heparin 

MRI magnetic resonance imaging 

MTP mitochondrial trifunctional protein 

NVP nausea and vomiting of pregnancy 

PHT portal hypertension 

PT prothrombin time 

PVT portal vein thrombosis 

TIPS transjugular intrahepatic portosystemic shunt 

UDCA ursodeoxycholic acid 

UGT uridine 5’-diphospho-glucuronosyltransferase 


Introduction 


As hepatologists, we are often accustomed to treating patients 
with acute and chronic liver diseases, but in many cases of liver 
disease during pregnancy, we are treating an otherwise healthy 
woman with a transitory problem. This can often be a more chal- 
lenging situation. 

Second, the treatment of women with liver diseases in preg- 
nancy should be led by a team that includes obstetrician- 
gynecologist specialists in the field of high-risk pregnancy, a 
hepatologist who is also an expert in the subject of pregnancy and 


liver diseases, and experts in immunology, coagulopathy, and 
infectious diseases. The ideal place to hospitalize, if necessary, 
pregnant patients with liver disease should be in a department 
that specializes in high-risk pregnancy. 

Third, it is common practice to divide the subject of liver dis- 
eases in pregnancy into three groups: pregnancy and preexisting 
liver disease; liver diseases that are not unique to pregnancy; and 
liver diseases unique to pregnancy. In addition, Kamimura et al.’ 
suggested the inclusion of preeclampsia, eclampsia, and HELLP 
syndrome (hemolysis, elevated liver enzyme levels, and low plate- 
let count) under the title of “hypertension-related liver diseases 
and pregnancy” (Table 54-1). In our view the subject of liver 
disease during pregnancy can also be divided into three subgroups 
on the basis of the time of presentation: specifically, consultation 
with a liver patient before, during, and after pregnancy. 

In brief, it is fortunate that pregnancy is not contraindicated 
in most stages of liver disease. In the era of anticoagulants (e.g., 
enoxaparin), most pregnancies can run an uneventful course. 
However, it is essential to have a high index of suspicion and be 
prepared for prompt solutions for any complications. This can be 
achieved only with close monitoring. Furthermore, it is very 
important to remember that whenever a woman with liver disease 
consults you regarding a potential future pregnancy, you should 
bear in mind that she might pursue the pregnancy whether or not 
you approve of it. Therefore, in some instances, it may be better 
to encourage her to monitor her pregnancy regularly and under 
the best conditions from the onset, and not wait until she presents 
to you with a significant complication in what had previously 
been an uneventful pregnancy. 

The last issue to consider is that despite the wealth of published 
data, there are cases of pregnant women with liver problems that 
do not fit any of the described liver disease criteria, and their 
evaluation and treatment also pose considerable challenges. In our 
experience most of these cases are mild to moderate in severity, 
terminate in the delivery of a normal baby, and do not benefit 
from the contribution of blind treatment with steroids and/or 
anticoagulants, and liver biopsy throughout or following preg- 
nancy does not often reveal the diagnosis.’ 


Changes in Liver Anatomy and Function 
During Normal Pregnancy 


Liver Anatomy and Histology 


Anatomically, the gross appearance of the liver does not change 
during pregnancy. In the third trimester the gravid uterus dis- 
places the liver upward toward the chest, and a palpable liver is 
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TABLE 
54-1 


SINONIEM Liver Affected by Other Conditions or Diseases 


Classification of Pregnancy-Related Liver Disease 


Time (trimester) 1 2 and 3 3 3 3 
Frequency (%) 0.3-2.0 0.1-1.5 5-10 0.2-0.6 0.01 
Clinical features Nausea Pruritus High BP High BP Nausea 
Vomiting Mild jaundice Edema Edema Vomiting 
Dehydration Mild elevation of Proteinuria Proteinuria Hypoglycemia 
aminotransferase levels 
Elevation of bile acid levels Seizure Seizure Lactic acidosis 
Mild elevation of DIC Severe elevation of 


aminotransferase aminotransferase levels 
levels 
Mild to severe elevation of 


aminotransferase levels 


Pathogenesis— Starvation, gastric Hormonal factors Capillary thrombi, fibrin deposition, endothelial Microvascular fatty 
physiologic motility, hormonal dysfunction, coagulation activation infiltration 
factors, psychologic 
factors 
Pathogenesis- Genetic mutation of Genetic mutation of MDR3, Vascular remodeling, fatty acid oxidation, and Genetic mutation of 
molecular LCHAD, BSEP immunologic factors LCHAD 
components palmitoyltransferase 
| deficiency 
Managements Supportive, hydration UDCA BP control Prompt delivery Prompt delivery 
Plasmapheresis 
Liver transplant 
Recurrence Often 50-70% rare rare Higher ratio with genetic 


mutation in LCHAD 


AFLP Acute fatty liver of pregnancy; BP blood pressure; BSEP bile salt export pump; DIC, disseminated intravascular coagulation; HELLP, hemolysis, elevated liver enzymes, and low platelet count; HG, 
hyperemesis gravidarum; /CP intrahepatic cholestasis of pregnancy; LCHAD, long-chain 3-hydroxyacyl coenzyme A dehydrogenase; MDR3, multidrug resistance 3. 
From Kamimura K, et al. Advances in understanding and treating liver diseases during pregnancy: a review. World J Gastroenterol 2015;21:5183-5190. 


considered abnormal. Histologically, subtle changes may be seen 
but are not specific. These changes include (1) increased variability 
in hepatocyte size and shape, (2) enhanced granularity of hepato- 
cyte cytoplasm, (3) increased numbers of cytoplasmic fat vacuoles 
in centrilobular hepatocytes, and (4) hypertrophied Kupffer cells. 
Hepatocytes in women during normal pregnancy also exhibit 
proliferation of the smooth and rough endoplasmic reticula; 
enlarged, rod-shaped, and giant mitochondria with paracrystalline 
inclusions; and increased numbers of peroxisomes. Many of these 
changes are also observed in women taking oral contraceptives. 


Hemodynamics and Hepatic Blood Flow 


Pregnancy is characterized by an increase in extracellular and 
plasma volume of 50% to 70%. This progressive increase in blood 
volume starts at 6 weeks to 8 weeks of gestation and reaches its 
maximum level by 32 weeks to 34 weeks. Red blood cell mass 
also increases but the increase is moderate (20% to 30%) and 
delayed. As the total blood volume increases, hemodilution occurs 
as a consequence. Plasma volume and red blood cell mass decrease 


rapidly after delivery. This phenomenon of hemodilution should 
be considered during interpretation of all serum concentrations 
during pregnancy. Cardiac output increases to a similar degree as 
the blood volume until the second trimester, and then decreases 
and normalizes near term. Absolute hepatic blood flow remains 
unchanged but the percentage of cardiac output to the liver 
decreases. 


Changes in Liver Function 


Drug Metabolism 

Medication use during pregnancy is common and includes pre- 
scription, over-the-counter, and herbal products. A study of U.S. 
and Canadian women found that, on average, 2.3 drugs were used 
during pregnancy; however, 28% of women reported using more 
than four medications.’ The liver plays a major role in drug 
metabolism and detoxification. Various hemodynamic changes 
during pregnancy, such as the increase in blood volume, cardiac 
output, and glomerular filtration rate, may contribute to altered 
drug metabolism, disposition, and clearance.“ Gastrointestinal 


absorption or bioavailability of drugs may vary because of changes 
in gastric secretion and motility. Drug properties such as lipid 
solubility, protein-binding characteristics, and ionization constant 
influence the placental passage of drugs. Moreover, changes in the 
activity of maternal and fetal drug-metabolizing enzymes may 
affect maternal drug distribution and clearance. 

Pregnancy alters the ability of a drug to be distributed within 
the body, in part by causing reduced concentrations of both 
albumin and 04,-acid glycoprotein. Moreover, the increase in body 
weight in late pregnancy results in a decrease in dose per kilogram. 
Caffeine metabolism is reduced during pregnancy because of 
decreased activity of cytochrome P-450 1A2. The activity of cyto- 
chrome P-450 2A6 is increased, and drugs such as nicotine exhibit 
substantially lower serum concentrations. Likewise, the activity of 
cytochrome P-450 3A4 is increased, and drugs such as nifedipine, 
carbamazepine, midazolam, indinavir, lopinavir, and ritonavir 
have an increased clearance. Drugs such as metoprolol, fluoxetine, 
citalopram, and nortriptyline may exhibit increased clearance.’ 
The dose of selective serotonin reuptake inhibitors must be 
increased to maintain efficacy in pregnancy. Furthermore, glo- 
merular filtration rate is increased in pregnancy because of an 
increase in cardiac output; therefore drugs that are eliminated by 
renal mechanisms, such as ampicillin, cefuroxime, ceftazidime, 
cephradine, cefazolin, piperacillin, atenolol, sotalol, digoxin, and 
lithium, have increased clearance rates. Both estrogen intake and 
pregnancy impair hepatic activity of uridine 5’-diphospho- 
glucuronosyltransferase (UGT), and progestational agents induce 
hepatic mixed-function oxidase activity in animals. Acetamino- 
phen (APAP) metabolism is unchanged in pregnancy. APAP 
crosses the placenta and is detected in the neonatal serum after 
birth. Glucuronidation, the main metabolic pathway that safely 
metabolizes APAP in adults, is markedly reduced in the neonate, 
leaving sulfation as the major pathway for APAP metabolism. 
APAP toxicity in pregnancy is not rare and can result in significant 
morbidity and mortality in both the mother and the fetus. 
N-Acetylcysteine can be safely administered during pregnancy and 
should be given early after APAP overdose. Clinicians must vigi- 
lantly monitor both the dose of drugs and the patient’s response 
during pregnancy. Table 54-2 lists the categories by class of the 
Food and Drug Administration (FDA) during pregnancy for 
common drug therapy used in pregnant patients with liver disease. 


Serum Proteins and Lipids 


Normally, up to 10 g of albumin is produced and secreted by 
the liver daily. Serum albumin concentrations decrease during 
the second trimester and continue to decline throughout preg- 
nancy, reaching concentrations approximately 70% to 80% of 
normal values at the time of delivery secondary to hemodilu- 
tion. In pregnancy the intravascular mass of albumin does not 
change and the rates of albumin synthesis and catabolism are not 
affected. By contrast, there is an increase in serum concentration 
of some proteins, such as 0,-macroglobulin, 0,-antitrypsin, and 
ceruloplasmin. 

The levels of fibrinogen and most coagulation factors (II [pro- 
thrombin], VIII, IX, and XII) increase, protein S levels decrease, 
and fibrinolysis is inhibited. These physiologic changes in hemo- 
stasis limit bleeding during delivery but are associated with an 
increased risk of thromboembolism during pregnancy and the 
postpartum period. Prothrombin time (PT) reflects the extrinsic 
clotting pathway involving prothrombin and factors V, VII, and 
X and is used to assess hepatic synthetic function. PT is consid- 
ered a universal indicator of liver failure and is prolonged in acute 
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WAGE U.S. Food and Drug Administration Categories 
ea for Drugs Commonly Used in Therapy for 
Liver Disease 


Ursodeoxycholic Interferon-alfa Azathioprine Ribavirin 
acid 
Octreotide Prednisone D-Penicillamine Warfarin 
Acyclovir Lamivudine Mycophenolate 
mofetil 

Telbivudine Adefovir 
Tenofovir Entecavir 
Enoxaparin Vasopressin 
Sofosbuvir Tacrolimus 
Ombitasvir, Sirolimus 
paritaprevir, Trientine 
ritonavir, and Zinc sulfate 
dasabuvir Cyclosporine 

Propranolol 

Nadolol 

Heparin 


liver failure. It is generally not affected by pregnancy, and any 
change in PT during pregnancy should be considered pathologic 
and warrants further investigation. Serum albumin has a long 
half-life of 20 days and is not a good indicator of hepatic synthetic 
function in acute liver disease. However, the half-lives of blood 
clotting factors are quite short (approximately 1 day) and are 
useful indicators of liver injury. 

Serum cholesterol, triglyceride, and phospholipid concentra- 
tions increase in late pregnancy. The levels of total serum choles- 
terol, high-density lipoprotein cholesterol, and low-density 
lipoprotein cholesterol increase by 25% to 50%, whereas the 
concentrations of serum triglycerides increase to twice to four 
times their nonpregnant levels. This hyperlipidemia is a result of 
the metabolic adaptation to the pregnancy state. Consequently, 
measurement of serum lipid concentrations is rarely useful during 
pregnancy, an exception being in the pregnant woman with from 
acute pancreatitis. Serum concentrations of O-globulins and 
B-globulins are increased whereas the levels of y-globulins are 


decreased (Table 54-3). 


Bilirubin 

Bilirubin is formed through the degradation of heme by heme 
oxygenase, which results in the formation of carbon monoxide, 
iron, and biliverdin as end products. Biliverdin is then converted 
to unconjugated bilirubin by biliverdin reductase. Normal serum 
bilirubin values represent a balance between the production of 
bilirubin as a result of heme degradation (unconjugated bilirubin) 
and the hepatic elimination of bilirubin (conjugated bilirubin). 
In the liver, UGTs conjugate the water-insoluble bilirubin to 
glucuronic acid, and conjugated bilirubin is then excreted into 
the bile. Defects in UGT activity result in indirect hyperbilirubi- 
nemia, and impaired biliary excretion results in direct hyperbili- 
rubinemia. The normal value for serum total bilirubin level is 
1 mg/dL, of which 70% is unconjugated bilirubin. 
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Was Changes in Laboratory Profile 
Sea During Normal Pregnancy 


White blood cells Increase 
Hemoglobin Decrease 
Platelets = 
Albumin Decrease 
Aminotransferases = 
Alkaline phosphatase Increase 
y-Glutamyltransferase = 
Bilirubin —/decrease 
Prothrombin time = 
Fibrinogen Increase 
Globulins Increase for œ-globulins and B-globulins; 
decrease for y-globulins 
Glucose = 
Creatinine = 
Uric acid = 
Bile acids = 
Cholesterol Increase 
Triglycerides Increase 
o.-Fetoprotein Increase 
Ceruloplasmin Increase 
Ferritin Increase 


In pregnant women the total and free bilirubin concentrations 
are significantly lower during all three trimesters as are the con- 
centrations of conjugated bilirubin during the second and third 
trimesters. Hemodilution could at least be partly responsible for 
the decrease in bilirubin concentration because albumin is the 
protein that transports bilirubin. Gilbert syndrome is character- 
ized by mild unconjugated nonhemolytic hyperbilirubinemia and 
generally affects 7% to 10% of the average population. In 80% 
to 100% of patients with Gilbert syndrome, the TA insertion in 
the promoter region of the gene is present in the homozygous 
(TA),/(TA), form, and leads to a decrease in the amount of func- 
tionally active enzyme. This will result in mild indirect hyperbili- 
rubinemia with serum total bilirubin levels of 5 mg/dL or less. 
The disease is not associated with cholestasis or pruritus, and 
serum bile acid level is normal. HELLP syndrome has been associ- 
ated with postpartum indirect hyperbilirubinemia and should be 
differentiated from Gilbert syndrome. There is no association 
between HELLP syndrome and Gilbert syndrome.° The treatment 
of patients with Gilbert syndrome is the same for both pregnant 
and nonpregnant patients. Conservative management and reas- 
surance should be provided. 

Patients with Crigler-Najjar syndrome type 1 have an uncon- 
jugated hyperbilirubinemia attributable to the complete absence 
of activity of UGT, a bilirubin-conjugating enzyme. In pregnant 


women with Crigler-Najjar syndrome type 1 the fetus is at high 
risk of being adversely affected by the bilirubin, because uncon- 
jugated bilirubin can cross the placenta and may cause kernic- 
terus, a potentially neurotoxic condition. Successful pregnancy in 
patients with Crigler-Najjar syndrome has been reported with the 
use of phenobarbital and phototherapy.’” 

Dubin-Johnson syndrome is a rare benign chronic disorder of 
bilirubin metabolism, characterized by conjugated hyperbilirubi- 
nemia, darkly pigmented liver, and the presence of abnormal 
pigment in hepatic parenchymal cells. Pregnancy and the use of 
oral contraceptives in women with Dubin-Johnson syndrome 
cause a reversible increase in serum conjugated bilirubin level. 
Placental concentrations of bile acids remain normal. Affected 
women may be deeply jaundiced during pregnancy but pruritus 
and signs of generalized cholestasis are absent. 


Bile Acids 


Increases in serum concentrations of certain bile acids have been 
reported during pregnancy, and it has been suggested that preg- 
nancy could be associated with subclinical cholestasis. Organic 
anion transport, including transport of bilirubin and sulfobro- 
mophthalein, is impaired during pregnancy. These changes are 
likely caused primarily by estrogen- or pregnancy-induced 
decreases in the canalicular organic anion—transporting pump 
multidrug resistance—associated protein 2.'” The changes in con- 
centrations of serum bile acids in pregnancy are minimal and are 
observed mainly in the postprandial state. The concentrations of 
bile salts in blood are within the normal range in most pregnant 
women but the levels of glycocholate, taurocholate, and chenode- 
oxycholate may rise progressively until term and exceed levels 
measured early in pregnancy by twofold to three-old. Pregnancy- 
or estrogen-induced decreases in bile salt transport are likely 
attributable to reductions in both sinusoidal (Na‘-taurocholate 
cotransporting polypeptide) and canalicular (bile salt export 
pump) bile salt transporters. In clinical practice, when a woman 
experiences pruritus during pregnancy, the measurement of serum 
bile acid concentration may be useful for the diagnosis of cho- 
lestasis, especially when routine liver function test values are still 
within normal limits. 


Changes in Liver Function Test Values 


Close monitoring of serum liver function test values is essential 
in the management of liver diseases in both pregnant and non- 
pregnant patients. Routine liver function tests usually include 
measurement of the levels of total and conjugated bilirubin, ami- 
notransferases, and alkaline phosphatase, as well as determination 
of PT. In addition, y-glutamyltransferase or 5’-nucleotidase activ- 
ity may be used to confirm the hepatobiliary origin of increased 
levels of alkaline phosphatase. Measurement of serum bile acid 
concentrations may be useful for the management of cholestasis, 
especially during pregnancy. Awareness of the physiologic changes 
in liver function tests is indispensable for the interpretation of 
these test values during pregnancy. 

Measurement of serum alanine aminotransferase (ALT) and 
aspartate aminotransferase (AST) activity levels is the most useful 
test for the routine diagnosis of liver diseases. The effects of preg- 
nancy on serum ALT and AST activity levels are somewhat con- 
troversial. In a few studies a slight increase in ALT and/or AST 
activity has been found during the third trimester. However, in 
most published studies, serum ALT and AST activity levels remain 
within the normal limits established in nonpregnant women. 
Thus it should be emphasized that serum AST or ALT activity 


values above the upper limit of normal values before labor should 
be considered pathologic and should lead to further investiga- 
tions. Serum alkaline phosphatase activity levels increase in late 
pregnancy, mainly during the third trimester. By contrast, serum 
alkaline phosphatase levels have been found to be lower in oral 
contraceptive users. This increase during pregnancy is not due to 
an increase in the hepatic isoenzyme but rather is largely attribut- 
able to the production of the placental isoenzyme. During the 
third trimester there is also an increase in the production of the 
bone isoenzyme as documented by an increase in its serum level 
up to 6 weeks after delivery. These findings document that the 
measurement of serum alkaline phosphatase activity is not a suit- 
able test for the diagnosis of cholestasis during late pregnancy and 
in the postpartum period. 


Liver-Related Symptoms and Physical 
Examination in Pregnancy 


Nausea and vomiting are common symptoms of early pregnancy 
and occur in more than half of all pregnant women. Although 
this condition was traditionally named morning sickness, the symp- 
toms frequently persist throughout the day. By contrast, hyper- 
emesis gravidarum (HG), usually defined by severe vomiting 
beginning in early pregnancy and often requiring hospitalization, 
is much less frequent. Nausea or vomiting occurring during the 
second or third trimester should be considered pathologic and 
prompt investigation, including measurement of serum amino- 
transferase activity. It should be noted that jaundice and general- 
ized pruritus are never considered normal features in pregnancy. 
Vascular spiders and palmar erythema are commonly associated 
with chronic liver disease and pregnancy. Vascular spiders were 
found in 14% of Caucasian women by the second month of 
pregnancy and in 66% by the ninth month of pregnancy. The 
frequency of these vascular spiders was noted to be lower in 
African American women, with 8% occurring in the fourth 
month of pregnancy and 14% in the ninth month. In that study 
the vascular spiders were no longer visible in approximately 75% 
of the women by the seventh week after delivery.'’ In the same 
study, palmar erythema was observed in 63% of the Caucasian 
women and in 35% of the African American women. By the time 
of the postpartum consultation, palmar erythema had faded in all 
but 9% of the women. During pregnancy these cutaneous vascu- 
lar changes are not usually associated with hepatic dysfunction 
but may be related to sex steroids circulating in the blood. Physical 
examination of the liver reveals normal findings although it is 
difficult in late pregnancy because of the expanding uterus. In the 
postpartum period, after normal delivery, the liver and spleen may 


be palpable. 


Hepatobiliary Ultrasonography in Pregnancy 


Ultrasonography of the liver and biliary tract is widely used in the 
management of liver diseases outside pregnancy and is safe during 
pregnancy. In normal pregnancy, ultrasonographic examination 
reveals no dilatation of the biliary tract but fasting gallbladder 
volume and residual volume after contraction are increased. The 
lithogenic or cholesterol saturation index of bile increases during 
pregnancy. Biliary sludge frequently occurs during pregnancy but 
is generally asymptomatic and often disappears spontaneously 
after delivery. Gallstones are much less common (2% in an Italian 
study, 12% in a Chilean study) and may be associated with biliary 
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pain. '™”? In the absence of suggestive symptoms, systematic ultra- 
sound examination of the gallbladder as an extension of the 
routine pelvic ultrasound examination is not justified because 
silent stones in pregnant women need no treatment. 


Liver Diseases Not Specific to Pregnancy 


Viral Hepatitis 


Viral hepatitis—caused by hepatitis A virus (HAV), hepatitis B 
virus (HBV), hepatitis C virus (HCV), hepatitis D virus, hepati- 
tis E virus (HEV), herpes simplex virus, cytomegalovirus, and 
Epstein-Barr virus—accounts for 40% of jaundice in pregnant 
women in the United States.“ Hepatitides A, B, and C have the 
same frequency in the pregnant and nonpregnant populations and 
during each of the three trimesters of pregnancy. The clinical and 
serologic course of acute hepatitis in the Western world is gener- 
ally the same as that observed in the nonpregnant patient. More- 
over, viral hepatitis does not appear to affect the pregnant state 
adversely; an exception to this is hepatitis E, which in the third 
trimester of pregnancy may lead to fulminant liver failure and may 
carry a high mortality (up to 31.1%). Herpes simplex virus 
hepatitis is rare in previously healthy adults. The disease tends to 
be severe, and the death rate is approximately 40%. More often, 
patients with herpes simplex virus hepatitis present with severe or 
fulminant anicteric hepatitis in the third trimester. Hepatitis is 
characterized by markedly elevated levels of serum aminotransfer- 
ases (>1000 U) and coagulopathy but low bilirubin levels. Tran- 
sjugular liver biopsy is preferable to percutaneous transthoracic 
puncture because of the presence of coagulopathy. If liver biopsy 
is performed, histologic analysis demonstrates the presence of 
confluent coagulative necrosis, scant amounts of inflammatory 
infiltrate, and “ground-glass” nuclear inclusions or Cowdry type A 
inclusions at the periphery of areas of necrosis that are positive on 
immunohistochemical staining. Early treatment with antiviral 
therapy such as acyclovir or vidarabine is lifesaving. In general, 
the management of the pregnant patient with acute viral hepatitis 
is supportive, and viral hepatitis is not an indication for termina- 
tion of pregnancy, performance of a cesarean delivery, or discour- 
agement for breastfeeding." 


Hepatitis A 

HAV is a small (27-nm) RNA virus that causes either symptom- 
atic or asymptomatic infection in humans. The average incubation 
period is 28 days (range 15 days to 50 days). HAV replicates 
within the liver and is excreted in bile, with the highest viral 
concentrations in the stool late in the incubation period. This 
represents the window of greatest infectivity. Person-to-person 
transmission is the primary means of HAV infection in the United 
States. Serious complications of HAV infection are uncommon; 
the overall case-to-fatality ratio among reported cases is less than 
1%, and acute HAV does not lead to chronic infection, although 
10% to 15% of symptomatic individuals can have a prolonged or 
relapsing disease lasting up to 6 months. 

‘The rate of HAV infection in pregnant patients is very low and, 
therefore, predicting outcomes of HAV infection in pregnant 
patients is difficult. Traditionally it has been thought that if a 
pregnant woman becomes infected with HAV, generally the baby 
is not affected. However, two single-country studies found a high 
incidence of maternal and fetal complications in cases of HAV- 
infected pregnant patients.'°'” Intrauterine transmission of HAV 
is very rare; however, perinatal transmission could occur. The 
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management of acute HAV infection in pregnancy does not differ 
from that used in nonpregnant patients and it consists of sup- 
portive therapy." Maternal immunization embraces the concepts 
that vaccines given to pregnant women enhance their resistance 
to vaccine-preventable diseases, and passive antibodies that cross 
the placenta protect the neonate for the first 3 months to 6 
months of life.” 

‘The safety of hepatitis A vaccination during pregnancy has not 
been fully determined; however, because hepatitis A vaccine is 
produced from an inactivated HAV, the theoretical risk to the 
developing fetus is expected to be low. A review of a vaccine 
adverse event reporting system in the United States (under the 
auspices of the Centers for Disease Control and Prevention and 
the FDA) found no significant concerns for adverse events related 
to the hepatitis A vaccine.” The risk associated with vaccination 
should be weighed against the risk of infection with HAV in 
women who may be at high risk of exposure to HAV. It was 
observed that passively acquired maternal anti-HAV resulted in a 
significantly lower antibody response in infants when hepatitis A 
vaccine was administered. This is possibly due to interference 
between maternal antibodies and hepatitis A vaccination in young 
infants. It is proposed that all pregnant women should be screened 
at delivery for anti- HAV antibodies and children born to anti- 
HAV-negative mothers should be vaccinated early during the first 
year of life, whereas vaccination may be postponed in children 
born to anti- HAV—positive mothers if necessary. Mothers infected 
with HAV are encouraged to breastfeed, and HAV infection is not 
a contraindication for breastfeeding.”! 


Hepatitis B 

HBV is a hepatotropic double-stranded DNA virus and a member 
of the family Hepadnaviridae. An estimated 350 million people 
worldwide are chronically infected with HBV, including approxi- 
mately 1.25 million in the United States.” Virtually 100% of 
hepatocytes are affected once infection is established. Carriers 
with chronic HBV infection are at risk of developing liver cir- 
thosis, hepatic decompensation, and hepatocellular carcinoma 
(HCC). HBV is generally noncytolytic but liver injury is attrib- 
uted to host immune response. In rare cases, acute liver failure 
ensues. In contrast to HCV, which replicates in the cytoplasm of 
the hepatocyte, HBV (double-stranded DNA) enters the nucleus 
and its DNA is converted to a covalently closed circular form. 
This is a remarkably stable species from which all viral messenger 
RNAs are transcribed and is resistant to antiviral therapy. HBV is 
transmitted mainly by perinatal, sexual, and parenteral exposure. 
Perinatal transmission is the most common route in China and 
East Asia and sexual transmission is common in Europe and 
North America. 

HBV has a high rate of vertical transmission, causing fetal and 
neonatal hepatitis. Because HBV is highly pathogenic and infec- 
tious, perinatal transmission of HBV infection is the single largest 
cause of chronic infection of individuals worldwide. Approxi- 
mately 10% to 20% of women who are seropositive for hepati- 
tis B surface antigen (HBsAg) alone transmit the virus to their 
neonates in the absence of neonatal immunoprophylaxis. However, 
if the mother is seropositive for both HBsAg and hepatitis B 
e antigen (HBeAg), the frequency of vertical transmission increases 
to approximately 90% without neonatal prophylaxis. Therefore 
the American Congress of Obstetricians and Gynecologists and 
the Centers for Disease Control and Prevention recommend uni- 
versal screening for HBsAg in all pregnant women. If a neonate 
is given hepatitis B immunoglobulin (HBIG) and the hepatitis B 


vaccine, the rate of mother-to-child transmission is reduced to 5% 
to 10%.” A review of the characteristics of mothers and children 
undergoing prenatal HBV screening and postnatal prophylaxis 
showed that pregnant patients with a negative HBeAg status and 
low viral load had an extremely low risk of mother-to-child HBV 
transmission.” 

The diagnosis of HBV infection is established by the detection 
of HBsAg in serum by enzyme immunoassays (EIAs). The pres- 
ence of anti—hepatitis B surface antibody confers lifelong protec- 
tive immunity. Testing for HBV is generally a standard test 
performed on all pregnant women at or before their first prenatal 
visit (usually before 12 weeks to 14 weeks of gestation). Pregnant 
women who are directly exposed to HBV should receive a HBIG 
injection ideally within 72 hours of exposure and then a hepati- 
tis B vaccine within 7 days of exposure. Hepatitis B vaccine is 
then administered two more times—at 1 month and 6 months 
after the first vaccination. It is recommended that every infant 
receive three doses of hepatitis B vaccines. The current vaccines 
contain noninfectious HBsAg and should cause no potential risk 
to the fetus. Hepatitis B vaccine administration to pregnant 
women is relatively safe and its benefits outweigh its risks. Hepa- 
titis B vaccination can be delayed more than 24 hours after the 
baby’s birth but should be given within the first week of delivery. 
The combination of passive and active immunization is very effec- 
tive in reducing the frequency of perinatal transmission of HBV 
(85% to 95% efficacy). Several antiviral therapies are currently 
available for HBV. The current (2015) FDA-approved therapy for 
HBV includes subcutaneous injection of interferon/pegylated 
interferon-alfa and orally administered nucleoside/nucleotide ana- 
logues such as lamivudine, adefovir, entecavir, telbivudine, and 
tenofovir. Telbivudine and tenofovir are classified as FDA cate- 
gory B drugs in terms of safety, whereas adefovir, entecavir, and 
lamivudine are classified as FDA category C drugs. An oral 
nucleoside/nucleotide analogue can be given to mothers with high 
HBV DNA levels during the second and third trimesters to reduce 
the risk of transmission at the time of delivery.” Treatment is 
generally not recommended for use against HBV in the first tri- 
mester of pregnancy. However, potential benefits may justify the 
potential risk.” In a study of 450 HBeAg-positive pregnant 
women, those who were given telbivudine between week 24 and 
week 32 of pregnancy had significantly lower rates of infant 
HBsAg positivity at 6 months (none tested positive in the telbi- 
vudine group) and higher rates of undetectable HBV DNA in the 
mother.” Furthermore, there were no significant adverse events 
in the mothers or children.” Other studies have shown telbivu- 
dine and lamivudine to be equally effective in reducing HBV 
transmission ,with no significant side effects, and a study has 
shown tenofovir to be effective in reducing mother-to-child HBV 
transmission.” 

European Association for the Study of the Liver guidelines 
recommend treatment in the last trimester with one of the class B 
agents for pregnant women with mild liver disease and high 
viremia.” Other indications for HBV treatment during pregnancy 
to prevent mother-to-child transmission include treatment of 
mothers with HBsAg positivity who previously had a child in 
whom HBIG therapy and vaccination failed (Fig. 54-1). 

There is also concern for reactivation of HBV in the postpar- 
tum period. An analysis of the risk of HBV reactivation in 
HBeAg-negative pregnant patients showed that postpartum reac- 
tivation occurred in approximately 30% of HBeAg-negative 
patients, and a prepartum HBV DNA level greater than 
10,000 IU/mL was predictive of reactivation.” This should be 
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e Fig. 54-1 Pregnant women with hepatitis B virus (HBV) DNA levels greater than 200,000 IU/mL (>6 
log10 copies per milliliter), or any hepatitis B surface antigen (HbsAg)-positive woman with a threatened 
abortion, is at high risk of mother-to-child transmission (MTCT) and should receive antiviral treatment in 
the third trimester. HBeAg, Hepatitis B e antigen; HBIG, hepatitis B immunoglobulin; TDF, tenofovir diso- 
proxil fumarate. (From Dunkelberg JC, et al. Hepatitis B and C in pregnancy: a review and recommenda- 


tions for care. J Perinatol 2014;34:882-891.) 


considered when one is determining the need for treatment of 
HBV during pregnancy. 


Hepatitis C 

HCV is a hepatotropic positive single-stranded RNA virus of the 
genus Hepacivirus and a member of the family Flaviviridae. It 
replicates primarily in hepatocytes using both host and viral enzymes. 
HCY is the most common cause of chronic blood-borne infection 
in the United States. Chronic HCV infection is estimated to affect 
170 million people worldwide, including 2 million to 3 million 
Americans (1.8% of the general population). There are six HCV 
genotypes (1, 2, 3, 4, 5, and 6), and a large number of subtypes 
(e.g., la, 1b, and 1c) have been identified. The major risk factor 
for HCV transmission is injection drug use. Other risk factors 
include exposure to clotting factor therapy before 1987, blood 
transfusion before 1992, contaminated therapeutic equipment, 
and occupational needlestick. Modes of HCV transmission also 
include sexual and perinatal transmission. The most remarkable 
feature of HCV is its ability to establish chronic infection in 55% 
to 85% of individuals with acute infection. Approximately 20% 
of chronically infected patients eventually develop cirrhosis, hepatic 
decompensation, and HCC after 20 years to 30 years of infection. 
The risk of HCC in HCV-infected patients with cirrhosis is 2% 
to 3.5% per year. The incidence of acute hepatitis C has declined 
markedly since 1990. Therefore data on vertical HCV transmission 
are based on chronic hepatitis C. Vertical HCV transmission rates 
range from 2% to 8%, with maternal viremia defined as detectable 
HCV RNA in blood, an almost uniform prerequisite for transmis- 
sion. In pregnancies among HCV-infected mothers who were 
HCV RNA negative, vertical transmission was rare. Maternal 
coinfection with human immunodeficiency virus (HIV) significantly 
increases the risk of vertical HCV transmission to as much as 
44%.” A cohort study showed that risk factors associated with 
increased rate of vertical HCV transmission were higher maternal 


HCV viral titer, prolonged membrane rupture during labor (6 
hours or longer), HIV coinfection, and use of internal fetal moni- 
toring during labor.” The risk of transmission through amnio- 
centesis appears to be low for women who are chronically infected. 

Serologic confirmation of exposure to HCV is performed by 
the detection of serum or plasma HCV antibodies by third- 
generation EIAs. Confirmation of viremia is established through 
testing for HCV RNA by a sensitive assay with a lower limit of 
detection of 50 U/mL or less. Unlike for HBV, there are no pre- 
ventable measures available to lower the risk of vertical HCV 
transmission. Routine prenatal HCV screening is not recom- 
mended; however, women with significant risk factors for infec- 
tion should be offered antibody screening. Both HCV antibodies 
and HCV RNA have been detected in colostrum; however, breast- 
feeding appears to be safe. In some studies HCV has been associ- 
ated with an increased risk of cholestasis of pregnancy and preterm 
birth, although the increased association of HCV and preterm 
birth may be due to confounders, such as prior drug use, smoking, 
and alcohol use.” 

Before 2014 the treatment for chronic HCV infection in non- 
pregnant women was combination therapy of pegylated interferon- 
alfa and ribavirin. Ribavirin is an FDA pregnancy category X 
product (see Table 54-2), indicating that its use is contraindicated 
in women who are pregnant. However, new oral medications 
(including protease inhibitors and polymerase inhibitors) have 
been approved for treatment of HCV. These medications have not 
been studied extensively in pregnant women. Given the relatively 
short duration of treatment of the new HCV medication regi- 
mens, women are advised to, if possible, delay pregnancy until 
after treatment is completed. 


Hepatitis E 
The epidemiologic features of hepatitis E are similar to those of 
hepatitis A. The disease has been reported rarely in the United 
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States, and the highest rates of infection occur in regions of the 
developing world or among immigrants or travelers from endemic 
countries. Hepatitis E is primarily a waterborne disease; epidemics 
have been reported in areas where fecal contamination of drinking 
water is common. In general, HEV produces a self-limited viral 
infection followed by recovery; the incubation period is 3 weeks 
to 8 weeks, with a mean of 40 days. One study from India showed 
an increased occurrence of HEV in pregnant women as compared 
with nonpregnant women, and also showed a higher mortality in 
the pregnant women.” HEV infection is known to cause severe 
hepatitis, fulminant liver failure, preterm labor, and increased 
mortality in pregnant women, especially in their third trimester, 
with reported maternal death rates as high as 20% to 31.1%. 
The mechanism of fulminant hepatitis E in pregnancy is not clear 
but is thought to be attributable to induction of type 2 cyto- 
kines.” Maternal-to-fetal transmission of HEV has been reported 
and may be as high as 79%.” In two prospective studies con- 
ducted in India, mother-to-child transmission of HEV ranged 
between 33.3% and 50%.*°"" There is no current evidence regard- 
ing the transmissibility of HEV through breast milk.“ It appears 
that it would be especially important for mothers to continue 
breastfeeding during epidemics of HEV in underdeveloped and 
endemic areas to prevent a greater risk of infant mortality from 
other infectious diseases. Treatment of HEV during pregnancy is 
supportive." 


Autoimmune Hepatitis 


Autoimmune hepatitis (AIH) is a liver disease resulting from 
persistent hepatocellular inflammation and damage. It is charac- 
terized by elevated levels of aminotransferases, increased levels of 
y-globulins, and positive autoimmune serologic findings. AIH can 
present as both acute and chronic hepatitis or as acute hepatic 
failure. Young females are predominantly affected by AIH, and 
therefore pregnancy in patients with AIH is an important issue. 
Nonetheless, few studies have examined this topic. 

Several retrospective case series attempted to analyze the char- 
acteristics and outcomes of pregnancy in AIH. One case series 
reviewed 35 pregnancies in 18 women with AIH.‘ Two maternal 
deaths were reported during the pregnancies or postpartum 
period. Fetal loss occurred in 14.3% of cases. A second case 
series studied 42 pregnancies in 22 women with AIH.“ There 
was an adverse pregnancy outcome in 26% of pregnancies and 
serious maternal complications were noted in 9% of pregnancies. 
Many of the adverse outcomes in the pregnancies were associ- 
ated with autoantibodies. In addition, 52% of the pregnancy 
cases resulted in a postpartum flare. A third case series reviewed 
54 pregnancies among 39 AIH patients.” Of these patients, 
nearly half of them were maintained by prednisone and azathio- 
prine during pregnancy. There was a high rate of fetal loss of 
29.4%. Serious maternal complications were seen in 7.8% of 
cases and postpartum flares were observed in 58.8% of cases. 
A cohort study of all pregnancies in Sweden between 2006 and 
2011 found an increased risk of gestational diabetes, preterm 
birth, and low birth weight children in pregnancies of women 
with AIH.“ 

ATH activity appears to be diminished during pregnancy and 
as such patients can often be maintained by prednisone alone. 
Although azathioprine is a pregnancy class D medication, there 
are no evidence-based studies to show that azathioprine directly 
causes adverse effects during pregnancy in humans.“ Therefore, if 
needed, azathioprine can be considered even during pregnancy.” 
Given the increased risk of fetal loss and potential maternal 
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complications, pregnant AIH patients need to be monitored in 
medical facilities with experience in the management of high-risk 
pregnancies. In addition, close follow-up of females in the post- 
partum period is necessary, along with possible increase in steroid 
dosing, to monitor patients for AIH flares.“ 


Wilson Disease 


Wilson disease is a rare autosomal recessive disorder of hepatic 
copper transport leading to inhibition of biliary copper excre- 
tion. This causes an increase in copper deposition in vital organs 
such as the liver, kidney, brain, and eyes. Two copper-transporting 
ATPases—Menkes disease—associated protein and Wilson 
disease—associated protein—are expressed in the placenta and 
both are involved in placental copper transport.” Pregnancy does 
not seem to have an adverse effect on the clinical course of 
Wilson disease, although recurrent abortions are common in 
untreated patients, and can be seen in 26% of cases.”' Untreated 
symptomatic women with Wilson disease tend to experience 
amenorrhea, oligomenorrhea, irregular menses, and multiple 
miscarriages. However, pregnancy in women with Wilson disease 
is safe and successful when treatment with a chelating drug is 
continued uninterrupted. With the current available copper che- 
lators such as D-penicillamine, trientine, and zinc, fertile women 
are able to conceive. Penicillamine and trientine have teratogenic 
effects in animals, and penicillamine has known teratogenic 
effects in humans as well. D-Penicillamine probably inhibits thy- 
roperoxidase activity in utero. Infants born to mothers with 
Wilson disease may develop transient goitrous hypothyroidism.” 
In a retrospective analysis of 16 fertile women with Wilson 
disease who had conceived at least once, the women had con- 
ceived on a total of 59 occasions, resulting in 30 successful preg- 
nancies, 24 spontaneous abortions, 2 medical terminations of 
pregnancy, and 3 stillbirths.” In a study from the National 
Center for the Study of Wilson Disease that included 43 women 
with Wilson disease, there were 71 pregnancies, yielding 69 
normal neonates and 2 abortions. Zinc appears to be safe during 
pregnancy and can maintain a low serum copper level by induc- 
ing metallothionein, which sequesters copper in hepatocytes and 
enterocytes. Zinc intake at a dosage of 25 mg to 50 mg three 
times daily in pregnancy appears to be safe with very minimal 
teratogenicity.” It is important that treatment of Wilson disease 
with anticopper agents continues during pregnancy without 
interruption. Some feel that because the highest risk of fetal tera- 
togenicity is during the first trimester, chelator dosage should be 
reduced at that time. Both the mother and the baby should be 
monitored while chelation therapy is being administered. Patients 
with Wilson disease receiving regular treatment are often able to 
maintain a pregnancy and deliver successfully.” Nonetheless, 
these patients must be monitored in a setting that can manage 
high-risk pregnancies. 


Pregnancy and Vascular Liver Diseases 


Pregnancy and the postpartum period are considered prothrom- 
botic (hypercoagulable) states. Therefore women with a vascular 
liver disorder who wish to become pregnant should be evaluated 
carefully, as pregnancy itself could be a risk factor for thrombotic 
events. The pregnancy outcome might be affected by the preexist- 
ing vascular liver issue, and both pregnancy and delivery should 
be carefully managed.” Unlike cirrhosis, noncirrhotic vascular 
disorders do not affect fertility.” 


Hemodynamic Changes Associated 
With Pregnancy 


Several hemodynamic changes occur during pregnancy. A rise in 
blood volume and cardiac output by 30% to 50% occurs during 
the second and third trimesters, whereas arterial blood flow 
decreases by 10% during midpregnancy and returns to normal at 
term.” These changes are due to a drop in systemic vascular 
resistance. Studies from 2000 to 2002 demonstrated a significant 
rise in portal blood flow, whereas blood flow in the hepatic artery 
is unchanged.’ The hypervolemic and systemic hyperdynamic 
state associated with pregnancy can augment the circulatory 
changes associated with portal hypertension (PHT).” 

During pregnancy the increased procoagulant state is caused 
by increased activity of procoagulant factors, a decrease in certain 
natural anticoagulant factors, and a decrease in fibrinolysis. This 
procoagulant state is illustrated by the elevated levels of fibrin 
degradation products, including D-dimers.’ These changes are 
correlated with hormonal changes during pregnancy, mainly with 
serum estradiol levels. Accordingly, a decrease in PT, thrombin 
time, and the activated partial thromboplastin time have been 
described.” Therefore the levels of coagulation parameters classi- 
cally used to evaluate liver function, such as the international 
normalized ratio, should be interpreted with caution in pregnant 
patients with underlying liver disease. 

Anticoagulation during pregnancy can be managed according 
to the American College of Chest Physicians guidelines.“ Briefly, 
low molecular weight heparin (LMWH) is the preferred agent for 
anticoagulation during pregnancy. The advantages of LMWH 
include its not crossing the placenta, considerable experience of 
its use in pregnancy, and weight-based dosing. Anticoagulation 
with unfractionated heparin during pregnancy is also considered 
safe for the fetus but necessitates dose adjustment with activated 
partial thromboplastin time. Vitamin K antagonists are generally 
avoided because they cross the placental barrier and carry a tera- 
togenic risk, especially between the sixth week and twelfth week 
of gestation. The American College of Chest Physicians guidelines 
for heparin-induced thrombocytopenia include the recommenda- 
tion of not monitoring platelet counts in pregnancy because the 
risk in this group of patients is considered to be low.” However, 
heparin-induced thrombocytopenia has been reported to occur 
more frequently in Budd-Chiari syndrome (BCS) patients on 
initiation of anticoagulation with unfractionated heparin,” and 
other anticoagulants should therefore be preferred. Anticoagula- 
tion should be continued in patients for whom long-term treat- 
ment is indicated. 

The decision to initiate anticoagulation for the duration of 
pregnancy and during the peripartum period is based on experi- 
ence from previous pregnancies along with the identification of 
prothrombotic risk factors. It is preferable to avoid LMWH 24 
hours before the induction of labor or a cesarean delivery and to 
reintroduce it 24 hours after the procedure if the obstetric or 
surgical risk of bleeding is considered low,” or earlier if the throm- 
botic risk is very high. The main dilemma arises from the fact that 
the risk of venous thromboembolism, similarly to the risk of 
bleeding events, is highest during the first postpartum weeks.” 
The use of warfarin in the postpartum period is safe because 
warfarin is not excreted in breast milk.”° 


Portal Vein Thrombosis in Pregnancy 


Portal vein thrombosis (PVT) is rare but can occur during preg- 
nancy. Local causes, such as cirrhosis, intraabdominal infections, 
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or malignancies, may predispose to PVT. If PVT is diagnosed 
during pregnancy, then systemic disorders resulting in a hyperco- 
agulable state, such as factor V Leiden mutation, antiphospho- 
lipid syndrome, or myeloproliferative disorders, should also be 
excluded. The main presenting symptom of PVT is abdominal 
pain, and the first diagnostic modality is abdominal Doppler 
ultrasonography. In acute PVT, anticoagulation should be used 
for at least 3 months. Patients with chronic PVT should be 
screened for gastroesophageal varices and should be treated 
accordingly. “* 

Early initiation of anticoagulation and the absence of previous 
portal hypertensive bleeding can prevent the occurrence of PVT 
in patients with cirrhosis and achieve portal vein recanalization. 
However, the relatively low recanalization rate of complete PVT 
after anticoagulation therapy suggests its limited usefulness in 
patients with complete PVT. Successful insertion of a transjugular 
intrahepatic portosystemic shunt (TIPS) not only recanalizes the 
thrombosed portal vein but also relieves the symptomatic PHT.” 
Still, there is less experience in treating PVT in pregnant patients. 
Data from several studies and case reports suggest that pregnancy 
alone is not a clear risk factor for PVT and that another precipitat- 
ing factors, whether local or systemic, must be ruled out in all 
cases.” When PVT was diagnosed during pregnancy, a European 
study showed fetal outcomes were good, with low numbers of 
stillbirths and perinatal deaths despite a slightly higher rate of 
prematurity than expected in the general population. Results for 
the mothers also described increased morbidity, but no death. 
There were only five episodes of variceal hemorrhage, including 
three in patients without adequate prophylaxis for PHT-related 
bleeding. The only statistically significant risk factor for unfavor- 
able outcome identified in the European study was a higher plate- 
let count at diagnosis.” 


Budd-Chiari Syndrome and Pregnancy 


Budd-Chiari syndrome (BCS) is an uncommon, life-threatening 
syndrome resulting from obstruction to hepatic venous outflow 
(regardless of its cause or level of obstruction). This venous block- 
age is usually caused by thrombosis, and it can occur from the 
small hepatic venules up to the entrance of the inferior vena cava 
into the right atrium. In most cases it is possible to identify at 
least one inherited or acquired prothrombotic risk factor leading 
to thrombosis. Treatment options include anticoagulants and 
diuretics, as well as invasive procedures, such as thrombolysis, 
percutaneous transluminal angioplasty, TIPS, surgical portosys- 
temic shunting, and orthotopic liver transplant. The prognosis of 
these patients has significantly improved because of these thera- 
pies, especially anticoagulation, TIPS, and orthotopic liver trans- 
plant.” In 2009 a large cohort of pregnant women were analyzed 
over a 10-year period, and the proportion of women with a diag- 
nosis of BCS made during pregnancy or the postpartum period 
was 16%, which was twice that of women aged 15 years to 45 
years in the general French population.” 

Most BCS cases occurred in patients with risk factors for 
thrombosis other than pregnancy. Women with protein S defi- 
ciency seem to be at higher risk of BCS during pregnancy. Workup 
for myeloproliferative disorders and for thrombosis risk factors 
was incomplete in most studies, in particular with regard to the 
JAK2 V617F status.” 

Thrombotic events happened more commonly after a compli- 
cated pregnancy (28%) than after an uneventful pregnancy 
(3%). A practical conclusion is that the presentation of BCS 
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during pregnancy or during the postpartum period should not 
preclude a comprehensive investigation for other risk factors. 

Experience with pregnancy in women with established BCS 
was described in two retrospective studies, with encouraging out- 
comes.” A physician must include BCS in the differential diag- 
nosis of liver disorders during pregnancy and, if BCS is considered, 
make the diagnosis as rapidly as possible. The current overall 
management of BCS has allowed an increasing number of young 
female patients to achieve an improved condition, thus allowing 
them to consider pregnancy and go through pregnancy without 
jeopardizing their lives. 


Hereditary Hemorrhagic Telangiectasia 


Hereditary hemorrhagic telangiectasia is a rare genetically trans- 
mitted vascular disease affecting the brain, heart, lungs, and liver 
circulation through the formation of vascular malformations. 
When symptomatic, liver involvement can manifest itself as high- 
output cardiac failure, ischemic cholangiopathy, portosystemic 
encephalopathy, or PHT. The hyperdynamic state of pregnancy 
places patients at risk of decompensation of cardiac disease.” 

There have been a few reported cases of heart failure during 
pregnancy in patients with hepatic arteriovenous malformations. 
Most had standard management of heart failure and recovered in 
the first few postpartum months.” In patients with sinusoidal 
obstruction syndrome, blood flow in the sinusoids is impaired, 
leading to liver dysfunction. Those patients present with ascites, 
right upper quadrant pain, and jaundice. Pregnancy in women 
with prior sinusoidal obstruction syndrome has not been reported. 

A total of 150 pregnancies in 62 women with noncirrhotic 
PHT have been reported thus far by independent groups. The 
largest series described the outcome of 27 pregnancies in 15 
patients with noncirrhotic portal fibrosis.”° The rate of variceal 
bleeding during pregnancy was 26%, occurring mostly in patients 
with newly diagnosed disease. Variceal hemorrhage was associated 
with a poorer obstetric outcome. There was a significant overall 
rate of stillbirths (14%). 

In peliosis hepatis, blood-filled cavities of various sizes are 
found in the liver parenchyma. Although the use of oral contra- 
ceptives has been associated with its development, pregnancy has 
not been linked to its occurrence.” Fatal outcome of pregnancy 
was reported in only one woman with massive postpartum hemor- 
rhage and multiorgan failure in whom a peliotic liver was inci- 
dentally found on laparotomy. 

As for hepatic artery anomalies in pregnancy, there has been a 
single case report of a woman with fatal intraperitoneal hemor- 
rhage caused by a ruptured aneurysm of the common hepatic 
artery at 32 weeks of gestation.” The above-cited reports are 
exceptional, and no conclusion can be drawn about pregnancy in 
women with peliosis or hepatic artery anomalies. Pregnancy has 
not been reported in other rare vascular disorders of the liver, such 
as congenital portosystemic shunts (Abernethy malformation). 
Pregnancy in the setting of PHT can be expected to be safe if the 
disease is stable and if varices have been screened and adequately 
managed. 


Cirrhosis and Portal Hypertension 


‘The incidence rate of variceal hemorrhage, the most dreaded com- 
plication of PHT, ranges between 0% and 43%. This large interval 
may be explained by various degrees of primary and secondary 
prophylaxis for variceal bleeding over time, as well as by the fact 


that prophylaxis is given only in the presence of known liver disease. 
Liver dysfunction in patients with cirrhosis probably accounts for 
this difference. A higher incidence of miscarriages, stillbirths, and 
perinatal deaths was reported in the presence of variceal bleeding. 
‘The eradication of varices before conception has a major positive 
influence on the occurrence of variceal bleeding.” 

Women with known vascular liver disorder who want to 
become pregnant should therefore undergo routine screening for 
esophageal varices. From extrapolation from the recommenda- 
tions for patients with cirrhosis, patients at risk of bleeding should 
receive primary prophylaxis, either with beta-blockers or with 
endoscopic band ligation.” 

Beta-blockers are generally considered safe in pregnancy, with 
the exception of atenolol, which has been associated with fetal 
growth restriction. Both propranolol and nadolol, which are non- 
selective beta-blockers used in PHT, carry an FDA category C 
warning (risk cannot be ruled out), and both have been associated 
in some reports with hypoglycemia in the newborn. Their use 
seems safe provided that there is a high degree of awareness 
on the part of caregivers and monitoring of the newborn. Ifa vas- 
cular liver disorder is diagnosed during pregnancy, the screening 
for esophageal varices should begin during the second trimester” 
because this is when the expansion of maternal blood volume 
becomes maximal and the perceived risk of bleeding increases. 


Management of Variceal Bleeding 


The management of variceal hemorrhage during pregnancy should 
be the same as that for a nonpregnant patient.” Both sclero- 
therapy and variceal banding have been proven safe in pregnancy. 
As for pharmacologic adjuncts to endoscopy, terlipressin is labeled 
as category D (evident risk in human studies) by the FDA because 
of the risk of inducing vasospasm. Octreotide carries a category B 
label (no risk in animal studies, risk in humans unknown), but 
the potential benefits seem to outweigh the risks.” Because fluo- 
roquinolones are contraindicated in pregnancy, third-generation 
cephalosporins are a good option for bacterial infection prophy- 
laxis. TIPS placement has proved to be a feasible option with an 
acceptable level of fetal irradiation (5.2 mSv).”° 


Management of Labor and Delivery 


Vaginal delivery in women with PHT has been widely considered 
as potentially dangerous if it is not contraindicated, mainly due 
to increases in intraabdominal pressure during the active phase of 
labor. However, there is not enough evidence in the literature to 
support this conclusion. Therefore the risks of vaginal delivery 
must be weighed against those associated with a cesarean delivery. 
During caesarian delivery there is still a significant risk of morbid- 
ity and death because the presence of PHT can lead to bleeding 
from direct injury to portosystemic parietal collaterals and post- 
operative ascitic decompensation along with postpartum venous 
thromboembolism.” As a result, vaginal delivery with adequate 
analgesia and active assistance in the active phase of labor is cur- 
rently recommended by most authors.” 

Analgesia should be attempted with a peridural approach or 
with the use of short-acting narcotics. Platelet counts considered 
safe for delivery are generally more than 50,000/mL for cesarean 
delivery, more than 20,000/mL for vaginal delivery, more than 
75,000/mL for epidural anesthesia, and more than 50,000/mL for 
spinal anesthesia.” Therefore vaginal delivery with assisted 
active phase of labor is probably the best option for pregnant 


patients with vascular disorders of the liver, with cesarean delivery 
being reserved for obstetric indications and complications.” 

Despite the risks to the mother and fetus, pregnancy is still 
feasible for women with vascular disorders of the liver if the liver 
disease is well controlled. These patients should be managed by a 
multidisciplinary medical team from conception to postpartum. 
However, several issues still remain unsolved: the introduction 
and the type of anticoagulation, the best mode of prevention and 
treatment of variceal bleeding, and the mode of delivery. Strong 
recommendations concerning anticoagulation cannot be formu- 
lated, in spite of the benefit of anticoagulation likely outweighing 
the hazards in women with high-risk thrombophilia and those 
with a history of thrombosis causing critical ischemia, such as 
mesenteric vein thrombosis. Anticoagulation invariably carries 
with it a risk of bleeding, particularly at the time of delivery. 
Variceal hemorrhage is a rare complication during pregnancy 
when adequate prophylaxis has been administered. 


Hepatobiliary Disease During Pregnancy 


Symptomatic gallstone disease in pregnancy is common and poses 
a significant risk to both the mother and the fetus.'’ Nonetheless, 
the frequency of choledocholithiasis requiring therapeutic inter- 
vention is rare (i.e., 1 in 1200 deliveries).** Choledocholithiasis 
can be a serious condition leading to potentially life-threatening 
consequences for both the mother and the fetus. The evaluation 
and treatment of the pregnant patient is basically identical to that 
of the nonpregnant patient in terms of the use of invasive modali- 
ties, such as endoscopic ultrasonography (EUS) and endoscopic 
retrograde cholangiopancreatography (ERCP). 

The radiation exposure from fluoroscopy during pregnancy is 
a concern because of its potential harmful effects on the fetus. 
However, because the radiation dose threshold of 100 mGy to 
200 mGy is not usually needed for general diagnostic radiology, 


the recommendation is not to radiate above 100 mGy during 
83-86 


pregnancy. 

Alternatively, nonfluoroscopic techniques to cannulate the 
papilla of Vater were reportedly effective and safe for both the 
mother and the fetus.***’* Several studies included pregnant 
patients who underwent emergent ERCP and endoscopic naso- 
biliary drainage without fluoroscopy. After stabilization, the 
patients in early pregnancy or midpregnancy underwent endo- 
scopic retrograde biliary drainage with a second ERCP without 
fluoroscopy, and their stents and common bile duct stones were 
removed by a third ERCP after delivery. Patients in late pregnancy 
generally underwent a second ERCP with fluoroscopy to remove 
common bile duct stones after delivery. There were no serious 
complications in these studies, and the studies demonstrate a 
method to avoid radiation exposure during pregnancy by use of 
endoscopic retrograde biliary drainage and endoscopic nasobiliary 
drainage. 

Because it is often difficult to accurately estimate the dose of 
radiation exposure, ERCP should be performed with judicious use 
of fluoroscopy or with nonfluoroscopic techniques to reduce 
radiation exposure as stated above. 

EUS can also be used as an alternative and ancillary procedure 
to ERCP. Lee et al.” investigated the benefits and safety of an 
EUS-guided versus an ERCP-guided approach in the manage- 
ment of biliary obstructive disease. In that study, therapeutic 
ERCP was performed in the EUS group if a lesion was found 
during EUS, whereas treatment was administered at the discretion 
of the endoscopist in the ERCP group. More patients in the 
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ERCP group had serious complications, such as bleeding, acute 
pancreatitis, and umbilical abscess, as compared with the EUS 
group. Lee et al. came to the conclusion that EUS is a safe and 
accurate test for selecting patients for therapeutic ERCP when 
biliary obstructive disease is suspected. They also used EUS to 
examine common bile duct stones and to diagnose choledochal 
cysts, and there were no procedure-related complications or fetal 
morbidity. 

Percutaneous transhepatic biliary drainage can be another 
alternative procedure in cases where the endoscopist is unable to 
approach the biliary tree by ERCP. However, in special conditions, 
such as pregnancy, in which radiation exposure and the invasive- 
ness of percutaneous transhepatic biliary drainage need to be 
considered, it seems preferable to use EUS rather than percutane- 
ous transhepatic biliary drainage or repetitive attempts by ERCP. 

‘The issue of cholecystectomy in cases of gallstone pancreatitis 
is also relevant to the pregnant patient and it is well known that 
gallstone pancreatitis can recur if a cholecystectomy is not per- 
formed. In several reported cases, laparoscopic cholecystectomies 
were performed in five pregnant women, and two of the women 
underwent surgery during the second trimester of pregnancy (the 
other three women underwent surgery during or after delivery). 
The study authors could not conclude whether the delay in 
surgery had directly affected their pregnancy outcome considering 
the advanced maternal age and a history of preterm delivery.”’”” 

According to the Society of American Gastrointestinal and 
Endoscopic Surgeons guidelines, laparoscopic treatment of acute 
abdominal disease has the same indications in pregnant and non- 
pregnant patients.” Moreover, the consensus among surgeons is 
that the second trimester is the safest period to perform surgery 
during pregnancy.’’ However, there are several reports on an asso- 
ciation between early onset of contractions and premature birth 
or spontaneous abortion with laparoscopic cholecystectomy, even 
when it was performed during the second trimester.”*” 

Most reports on ERCP during pregnancy have concluded that 
there is no procedure-related pregnancy or fetal morbidity when 
safety measures are implemented. Because surgery is more invasive 
than endoscopic procedures, the latter are preferred over the 
former if the effect of surgery and endoscopic procedures on 
pregnancy is comparable. Thus if pregnant patients who have 
biliary disease are stable after endoscopic procedures, it would 
appear to be more desirable to consider delaying cholecystectomy 
until delivery rather than to perform it during pregnancy. On the 
other hand, if patients are still symptomatic after endoscopic 
procedures or if there is an acute indication for surgery, immediate 
laparoscopic cholecystectomy would be indicated. 

Sphincterotomy can be an alternative method for cholecystec- 
tomy in patients for whom there is a need to prevent recurrent 
cholangitis or pancreatitis during pregnancy. Barthel et al.” 
claimed that ERCP with sphincterotomy prevented recurrence of 
gallstone pancreatitis. Two of their patients who underwent only 
a sphincterotomy and not cholecystectomy had no recurrence of 
gallstone pancreatitis during pregnancy. For sedation during the 
procedures, they administered medications such as midazolam, 
meperidine, fentanyl, or propofol. None of the patients had com- 
plications such as arrhythmia and respiratory depression. One 
patient had a low birth weight (1.86-kg) infant with preterm 
delivery that did not seem to be related to the administered medi- 
cations or procedures but was rather secondary to her history of 
preterm delivery and advanced maternal age. The FDA classifies 
benzodiazepines as category D substances. Neonatal withdrawal 
syndromes and respiratory depression are associated with the 
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regular use of benzodiazepine. However, medications for con- 
scious sedation that belong to the benzodiazepine group have been 
used during ERCP in many reported cases, and congenital abnor- 
malities are unlikely to occur in association with ERCP” Never- 
theless, if possible, midazolam should be avoided during the first 
trimester. In conclusion, pancreatobiliary procedures seem to be 
effective and safe when they are performed with careful use of 
fluoroscopy and appropriate safety measures are taken. 


Pregnancy and Liver Transplant 


Liver transplant is not only the treatment of choice for patients 
with acute liver failure/chronic end-stage liver disease but can also 
reverse infertility associated with chronic liver disease, and up to 
80% of women will have a normal menstrual cycle and return of 
fertility within 8 months of liver transplant.”*'®' The ultimate aim 
of liver transplant is to let the recipient live as normally as possible. 
Therefore for female transplant recipients of childbearing age, the 
issue of benefit versus risk of pregnancy for both the mother and 
the fetus often arises. ">!" Overall, the outcome of pregnancy 
after liver transplant is largely favorable, and the main recom- 
mendation is to postpone pregnancy by 1 year to 2 years after 
liver transplant.'°*'%'°”''! Contraceptive use is also acceptable 
with close monitoring of liver enzymes.''”''? The outcome of 
pregnancy following cadaveric versus living donor liver transplant 
is similar.''* A major concern is the potential effects of immuno- 
suppressive drugs on the pregnant mother, the allograft, and the 
fetus but close monitoring is the only recommendation.''” Myco- 
phenolic acid products were reclassified by the FDA as category D 
drugs (evidence of fetal risk) and therefore should be avoided. 
Pregnancy in liver transplant recipients can be associated with 
maternal, allograft, and neonatal complications. The most fre- 
quent maternal complications are hypertension (14% to 44%), 
preeclampsia (33%), and anemia.'°”"'°''” Although vaginal deliv- 
ery is the goal, the frequency of cesarean delivery is higher in 
pregnancy following liver transplant than in the normal popula- 
tion (30% to 63% vs. 20% to 25%).''® Maternal death is very 
uncommon.'' Breastfeeding is not advised because all immuno- 
suppressive drugs are secreted in the breast milk. 

Generally, pregnancy does not appear to have an adverse effect 
on hepatic allograft function. However, the occurrence of acute 
rejection during pregnancy appears to have poorer maternal and 
newborn outcomes. Acute cellular rejection has been reported to 
complicate 10% to 17% of patients in the gestational period and 
3% to 12% of patients in the postpartum period.'**!°”! 

The neonatal aspect is also very optimistic: the National Trans- 
plantation Pregnancy Register data analysis did not reveal an 
increased incidence of structural malformations in the offspring 
of female liver transplant recipients. ''’ However, prematurity, low 
birth weight, and the potential for long-term disability still exists. 
Counseling on contraception and pregnancy should begin before 
and continue throughout and following liver transplant. A 
recent large single center-study from King’s College Hospital on 
the outcome of pregnancy after liver transplant has demonstrated 
that a successful and safe pregnancy can be achieved for most 
women.” However, 5% needed admission to intensive care, 3% 
of women developed graft loss in association with pregnancy, and 
15% of conceptions were complicated by an episode of acute 
cellular rejection, indicating that pregnancy following liver trans- 
plant still caries significant maternal risk. A live birth rate of 73% 
was reported, with no congenital abnormalities. Prematurity was 
common, occurring in 31% of neonates. 


In summary, a woman of reproductive age who has undergone 
liver transplant requires extensive counseling regarding contracep- 
tion and pregnancy. Ideally this should form part of pretransplant 
workup. 


The Evaluation of a Liver 
Mass During Pregnancy 


The last decade has witnessed a tendency toward the use of 
imaging modalities on a very large scale, and many people often 
undergo routine imaging and are evaluated and monitored by 
abdominal ultrasonography, computerized sonography, and mag- 
netic resonance imaging (MRI). As a result, liver masses are 
increasingly detected in many asymptomatic patients. Those 
masses are divided into benign [hemangioma, adenoma, and focal 
nodular hyperplasia (FNH)] and malignant (HCC, cholangiocar- 
cinoma and liver metastases) types. Sex hormones are believed to 
affect the growth of those masses, and so the issues of contracep- 
tive pill use and the management of pregnancy in affected women 
need to be addressed. 

Hepatic hemangioma is the commonest benign tumor of the 
liver.” Cobey and Salem'™” reported 20 pregnancies with 
hepatic hemangiomas, comprising 37 with FNH, 26 with liver 
cell adenomas, and 33 with HCCs. Thy concluded that gesta- 
tional hepatic hemangiomas and FNH behave indolently and can 
be carefully treated expectantly. Liver cell adenomas often require 
surgery, but small, asymptomatic lesions may also be carefully 
kept under observation. Meticulous observation postpartum is 
mandatory as well. Resection may be indicated in HCC because 
pregnancy impacts survival. 

The incidence of hepatocellular adenoma has increased since 
the introduction of oral contraceptives. A link between pregnancy 
and liver adenomas secondary to higher levels of hormones has 
been documented.'** Rupture of adenomas resulted in maternal 
mortality of 44% and fetal loss of 38% in one study.'”’ The risk 
of adenoma rupture increases toward the end of pregnancy.'”” 
Women with adenomas larger than 5 cm or those with previous 
pregnancy complications due to adenomas should avoid subse- 
quent pregnancies. Those pregnant with smaller adenomas should 
be monitored closely with serial ultrasound imaging. Surgical 
resection should be considered if the lesion is progressively enlarg- 
ing or is already 5 cm or bigger.” Radiofrequency ablation is 
another modality that can be used in the treatment of hepatic 
adenomas.'*°'’’ Close monitoring of the lesion should continue 
in the postpartum period as well.** 

FNH of the liver accounts for 2.5% to 8% of primary tumors 
occurring in the liver, and it is the second most common type of 
tumor, after cavernous hemangioma, among benign tumors of the 
liver.'*' It is usually found in young females. Spontaneous bleed- 
ing or rupture rarely occurs in FNH, and malignant transforma- 
tion is unlikely. The cause of FNH is unclear, but because of 
female predominance and young age at onset, it seems that female 
hormones have an important role in its development. 

Although the development and the complications of hepato- 
cellular adenomas have been related to the use of oral contracep- 
tives and pregnancy, the influence of oral contraceptives and 
pregnancy on the growth and complications of FNH continues 
to be controversial. Imaging studies, such as those involving 
abdominal ultrasonography, computed tomography, and MRI, 
can be used for diagnosis. One characteristic finding is a central 
stellate scar in the tumor. Most of these tumors are known not to 


change in size during pregnancy, and not to be associated with 
complications, such as hemorrhage and rupture. Therefore asymp- 
tomatic small FNH that is diagnosed during pregnancy can be 
monitored without treatment. If the tumor is large or symptom- 
atic, the option of surgical removal could be considered, taking 
into account the possibilities of hemorrhage and rupture and 
the complications of surgery during pregnancy. Rifai et al.'’* 
found no complications in 21 pregnant women with FNH who 
were followed up during pregnancy. They recommend that 
patients with FNH be encouraged not to worry about becoming 
pregnant. 

Pregnant women with HCC can have shorter median survival 
than nonpregnant women. Higher levels of estrogen and immu- 
nosuppression during pregnancy can play a role in HCC progres- 
sion.” Modalities such as surgical resection and radiofrequency 
ablation can be used in selected patients. HCC is uncommon in 
pregnancy, partly because cirrhosis, which predisposes to HCC, 
is associated with infertility. However, oral contraceptives, early 
menarche, late menopause, and increasing parity have all been 
shown to contribute limited risk to HCC development, suggest- 
ing that estrogens play an important role. Despite the scarcity of 
reported cases, worse outcomes in pregnant women with HCC 
have been noted in the literature. One review quoted only 3 of 
29 patients surviving for 12 months or more, and live infants 
being delivered in only 57% of cases.'”> Another case study fol- 
lowed the status of an HCC over time and noted acceleration of 
growth during the patients pregnancy.'*’ A 2011 retrospective 
review of all 47 case studies worldwide of HCC in pregnancy 
showed poor but improving survival rates over time (median 
survival of the groups before and during/after 1995 was 18 
months and 25.5 months respectively).'*' Improved survival is 
due to both earlier diagnosis and surgical intervention. The need 
for early imaging and resection poses an obvious challenge in 
pregnancy. 

Management of HCC has traditionally focused on termination 
of pregnancy because of the adverse effects of pregnancy on the 
tumor. However, if feasible and desired by the patient, resection 
may be considered. Surgical resection must be weighed against the 
risks to the fetus of early delivery. Unfortunately, there are no clear 
guidelines on the optimal timing of resection because of the rarity 
of the condition and patient variables. Adjunctive measures, such 
as steroids, for fetal lung maturation are recommended to allow 
a safer earlier delivery and early resection of the tumor.” 

In summary, a liver mass is a reason for concern during most 
pregnancies but not a cause for discouragement. Careful evalua- 
tion and follow-up can often lead to a normal pregnancy outcome. 


Liver Diseases Unique to Pregnancy 


Hyperemesis Gravidarum 


Hyperemesis gravidarum (HG) is the severest form of nausea and 
vomiting of pregnancy (NVP). HG most commonly occurs 
during the first trimester, and although there is no single defini- 
tion of HG, its main features are intractable vomiting accompa- 
nied by weight loss (>5% of prepregnancy weight), dehydration, 
electrolyte abnormalities, and possible need for hospital admis- 
sion.” Hepatic involvement of HG usually presents as an eleva- 
tion of the levels of liver aminotransferases and can be seen in up 
to 60% of cases.'** Although NVP impacts up to 80% of pregnant 
women, a pooled analysis of several studies, nearly all from Europe 
and North America, showed the prevalence of HG during preg- 
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nancy to be only 1.1%.'*”'*° Other studies have shown a preva- 
lence ranging from 0.3% to 3%." 


Etiology 

The cause of HG is unclear but several patient characteristics have 
been associated with its development. Obese and underweight 
nonsmokers have an increased risk of developing HG, whereas 
smoking before pregnancy is thought to be protective against 
HG.” Other risk factors for HG may include multiple gestations, 
gastroesophageal reflux, previous HG, and a family history of 
HG. Helicobacter pylori has also been increasingly associated 
with the development of HG and other pregnancy-related gastro- 
intestinal disorders.“ 


Pathophysiology 
There are several hypotheses that attempt to elucidate both the 
pathogenesis of HG and the development of liver injury in HG. 
Hormonal changes during pregnancy are thought to establish a 
milieu in which a pregnant woman is more prone to episodes of 
nausea and vomiting.“ Changes in gastrointestinal motility may 
also make pregnant woman more vulnerable to emesis. Finally, 
sychologic factors may cause NVP to worsen and progress to 
HG. “>! The development of aminotransferase level elevation or 
liver injury in HG has not been fully delineated. Some theories 
that have been proposed include injury from decreased food 
intake leading to malnutrition, placental hormones, increased 
presence of cytokines, and buildup of fatty acids.“ 


Diagnosis 

There are no precise diagnostic criteria for HG, and the clinical 
diagnosis is often evidenced by the severe emesis episodes that 
usually begin within the first month of pregnancy and subside by 
20 weeks of gestation.'“° Elevation of the levels of liver amino- 
transferases, ALT more often than AST, is the primary hepatic 
manifestation of HG.“ Electrolyte abnormalities are often 
present in HG, including hyponatremia and hypokalemia. Keto- 
nuria had previously been thought to be a consequence of the 
decreased nutritional intake caused by HG, but a meta-analysis 
showed no association between ketonuria and HG.'** Other labo- 
ratory changes that can be seen in HG include alterations in blood 
counts and in thyroid tests. The diagnosis of HG also includes 
the ruling out of other causes of nausea and vomiting, such as 
infection.“ Once the diagnosis of HG has been established and 
there is a corresponding elevation of the levels of liver aminotrans- 
ferases, a more extensive workup of liver disease is not needed 
unless patient characteristics point toward other specific hepatic 
diseases or if liver abnormalities persist following the resolution 
of symptoms.“ 


Management 


The mainstay of HG treatment is to control emesis episodes, 
reverse the complications of emesis, such as electrolyte abnor- 
malities, and protect the fetus. For patients necessitating hospi- 
talization for persistent vomiting and electrolyte abnormalities, 
intravenous hydration should be started, and careful monitoring 
and correction of electrolyte abnormalities is imperative.“ Thia- 
mine is often given to hospitalized patients with HG to prevent 
Wernicke encephalopathy.’ Once the pregnant patient with HG 
has been stabilized, she should be treated with antiemetic medica- 
tions. One Cochrane review did not find any adequate evidence 
to recommend one medication over another: medications or 
treatments that should be considered include ginger, vitamin Bg, 
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antihistamines, dopamine antagonists, and serotonin antago- 
nists.” To prevent worsening of NVP that may lead to hos- 
pitalization, affected patients should be advised of the need for 
careful diet planning and avoidance of NVP triggers.'*! Once 
symptoms progress to become consistent with HG and patients 
are considered to require hospitalization, more aggressive man- 
agement is necessary, and it may include initiation of the admin- 
istration of a dopamine antagonist, such as metoclopramide, 
or a serotonin antagonist, such as ondansetron.'” Randomized 
controlled trials that compared treatments of HG have recently 
been published. Although those studies ranged in size, one trial 
showed ondansetron to be superior to the combination of vitamin 
Bg and the antihistamine doxylamine.'”? Comparison of ondan- 
setron with metoclopramide revealed no major differences in 
outcomes, although the issues of side effect profiles and cost 
need to be considered.'” Finally, HG cases that are refractory to 
dopamine antagonists and serotonin antagonists may be treated 
with glucocorticoids or chlorpromazine. The management of 
liver injury in HG includes controlling symptoms, ensuring ade- 
quate nutrition, and avoiding other causes of liver injury. Further 
workup for liver diseases usually does not need to be pursued 
if a pregnant patient’s liver injury is stable and fits the clinical 
picture of HG.” 


Outcomes 


Although HG is reversible in most cases and usually does not 
cause persistent liver injury, studies have shown associations 
between HG and other morbidities. Several case-control studies 
have attempted to evaluate postpregnancy and long-term out- 
comes of patients with a history of HG and their offspring. In a 
case-control study of cancer risk in women with HG, the overall 
cancer risk was lower in patients with a history of HG but the 
risk of thyroid cancer was increased." Some studies on the char- 
acteristics of the newborns of patients with HG have shown an 
association between HG and low birth weight, fetuses that were 
small for their gestational age, and premature birth.’°'”” Other 
studies failed to show any such association.” HG also leads to a 
significant number of hospitalizations during pregnancy and, as 
such, results in substantial costs to health systems.” The key to 
preventing any potential consequences of HG is early recognition 
and management of NVP and HG. 


Intrahepatic Cholestasis of Pregnancy 


Intrahepatic cholestasis of pregnancy (ICP; also known as obstetric 
cholestasis) is a reversible condition of cholestasis starting in the 
second or third trimester.'*'”” It confers only a minimal risk of 
morbidity/death to the mother but can significantly contribute to 
perinatal morbidity.'°"'®' Findings seen in ICP include pruritus, 
high serum bile acids levels, elevated serum ALT activities and 
fasting serum bile acid levels, and spontaneous relief of signs and 
symptoms following delivery (within 4 weeks to 6 weeks). ICP 
prevalence in Europe, the United States, Canada, and Australia is 
0.1% to 1.5%.'® In a review, although no causality effect could 
be claimed, ICP was associated with an increase in the risk of 
developing hepatobiliary diseases later in life, such as hepatitis C, 
cirrhosis, and gallstones. Having underlying chronic liver disease 
(hepatitis C or chronic hepatitis) has been shown to increase the 
chances of developing ICP.’ The potential complications of 
ICP lie in the risk to the fetus (spontaneous or iatrogenic prema- 
turity, asphyxia events during delivery, intrauterine death), 
although perinatal mortality rates are similar to whole population 
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figures, most likely due to general improvements in obstetric and 
neonatal care. 

Recently, Wikström Shemer et al.'°’ examined the association 
between ICP and cancer, immune-mediated diseases, and cardio- 
vascular diseases. By linking the Swedish Medical Birth Register 
and the Swedish Patient Register, they identified 11,388 women 
with ICP and 113,893 matched women without ICP who gave 
birth between 1973 and 2009. Although ICP was not associated 
with later overall cancer, it was associated with later liver and 
biliary tree cancer, later immune-mediated diseases, specifically 
diabetes mellitus, thyroid disease, psoriasis, inflammatory polyar- 
thropathies, and Crohn disease, but not ulcerative colitis. Women 
with ICP also had a small increased risk of later cardiovascular 
disease. 


Pathogenesis 


Genetic predisposition/familial tendency and hormonal and envi- 
ronmental factors have been implicated in the pathogenesis of 
ICP. As ICP occurs late in pregnancy, has a higher incidence in 
multiple gestation pregnancies, and resolves after delivery when 
sex hormone levels fall, one can make a logical connection between 
sex hormones and ICP. The estrogen metabolite estradiol 
17B-glucuronide and differences in progesterone metabolites 
between pregnant women with and without ICP have been also 
implicated.’ The central role of hormonal factors is supported 
by the higher ICP incidence in twin pregnancies and because 
high-dose oral contraceptives and progesterone may trigger ICP. 
During ICP the fetus also encounters a milieu of increased levels 
of bile acids as seen by the elevated bile acid levels in amniotic 
fluid, umbilical cord blood, and meconium. 


Clinical Presentation 


Pruritus is often seen in cases of ICP, with the pruritus often 
worsening at night. Symptoms of pruritus can involve the palms 
and soles. Aside from pruritus, other clinical symptoms that may 
be present include steatorrhea and weight loss. ICP tends to return 
in subsequent pregnancies with variable severity.” An increased 
fasting serum bile acid level (>10 mol/L) establishes the diagno- 
sis. There can be some variation in serum blood test results but 
often the levels of aminotransferases can be elevated. 


Diagnosis 

During physical examination of suspected ICP, skin should be 
inspected to evaluate it for scratching lesions of other causes and 
pruritic eruption of pregnancy. Once pruritus is clinically present 
in a pregnant patient, further investigation with serum laboratory 
tests (ALT, bilirubin, y-glutamyl transferase, bile acids, PT) is 
required. This is the case even though serum test concentration 
elevations may lag behind symptoms. Bile acids are the most 
sensitive indicator for ICP and their levels may be elevated before 
alterations in serum liver test concentrations. Elevated bile acid 
levels above 40 mol/L during pregnancy and early onset of ICP 
(<33 weeks of gestation) may have an association with increased 
fetal complication rates.'°'°’ Liver biopsy is often not needed 
to establish the diagnosis of ICP but if performed demonstrates 
cholestasis with no inflammation or bile duct injury, as shown in 
Fig. 54-2. Preeclampsia and acute fatty liver of pregnancy (AFLP) 
are pregnancy-specific causes of abnormal serum liver test find- 
ings that may form part of the differential diagnosis in atypical 
or early ICP cases. Persistent abnormalities after delivery should 
prompt investigation into other chronic liver diseases, such as 
primary biliary cirrhosis, primary sclerosing cholangitis, multidrug 


e Fig. 54-2 Intrahepatic cholestasis of pregnancy showing canalicular bile 
plugs (arrows) with well-preserved hepatocytes containing yellow pigment 
(hematoxylin and eosin stain). 


resistance 3 deficiency, or chronic hepatitis C, which may be asso- 
ciated with the development of pruritus during late pregnancy.’ 


Management 
Ursodeoxycholic acid (UDCA; 10 mg/kg/day to20 mg/kg/day) is 
established as the first-line treatment for ICP. UDCA may relieve 
pruritus and improve serum liver test findings in 67% to 80% of 
ICP patients. Its effect on fetal complication rates is unclear as 
they were low in recent trials in both UDCA-treated and placebo- 
treated patients. UDCA has been shown to significantly decrease 
the levels of serum bile acids, serum aminotransferases, and serum 
bilirubin, and was effective for pruritus; and a meta-analysis found 
that UDCA treatment should be recommended for women with 
ICP to reduce adverse maternal and fetal outcomes. '® 

Bile acid sequestrants such as cholestyramine, antihistamines, 
and opioid antagonists have been prescribed to treat pruritus but 
are less effective than UDCA. These medications do not improve 
laboratory abnormalities or fetal outcomes in ICP.'** No evidence 
is strong enough to recommend early delivery (at 37 weeks of ges- 
tation) for mothers with high bile acid levels, although this prac- 
tice is still used in some locations. Dexamethasone promotes fetal 
lung maturity but has not been shown to be effective in relieving 
pruritus and reducing ALT levels in patients with ICP. Thus this 
drug is not adequate as a treatment for ICP. If pruritus does not 
adequately respond to UDCA standard therapy for several days, 
the dosage may be increased up to 25 mg/kg/day, or alternatively, 
treatment with S-adenosylmethionine (combined with UDCA) or 
rifampicin might be considered on an individual basis. Topical 
emollients are safe but their efficacy is unknown. 


Prognosis 

Although ICP is a benign condition for the mother, poor fetal 
outcomes can occur. In some studies ICP resulted in premature 
births in up to 60% of cases. Other complications such as fetal 
distress and intrauterine fetal death were reported at rates of 61% 
and 1.6% respectively. “>? The onset of pruritus and higher 
maternal fasting serum bile acid levels were associated with higher 
risk of premature delivery.'’' The risk of recurrence in subsequent 
pregnancies is 50%." The diagnosis in the first pregnancy is 
usually presumptive, and the improvement after delivery confirms 
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the suspicion. In an occasional patient, ICP may predict future 
liver disorder.'”’ Rarely, ICP may be a presentation of an underly- 
ing chronic cholestatic disorder.” 


HELLP Syndrome 


HELLP syndrome is commonly considered to be a severe form of 
preeclampsia but some consider it to be a separate disease entity.” 
Preeclampsia occurs after 20 weeks of gestation and is defined as 
elevated blood pressure with proteinuria or, in the absence of 
proteinuria, new-onset hypertension with new-onset thrombocy- 
topenia, renal insufficiency, impaired liver function, pulmonary 
edema, or cerebral/visual symptoms.'” Preeclampsia complicates 
up to approximately 10% of pregnancies, and HELLP syndrome 
can occur in up to 25% of affected women who have preeclamp- 
sia.'’* There are instances when HELLP syndrome develops 
without preeclampsia and without multiple overt symptoms.'™ 
Risk factors for HELLP syndrome are related to those for 
preeclampsia and include antiphospholipid antibody positivity, 
diabetes, obesity, hypertension, and a family history of preeclamp- 
sia.'”°'”” Specific risk factors for HELLP syndrome include 


advanced maternal age and previous gestational hypertensive 
disorders, “77° 


Pathogenesis 

Placental changes secondary to genetic and immunologic factors 
are likely origins of the abnormalities seen in HELLP syndrome.'” 
Several genes have been identified as being causative of HELLP 
syndrome secondary to deregulation. Variations in the levels of 
placental-like growth factor and decreased placental perfusion 
likely contribute to decreased systemic vascular resistance and 
sensitivity to vasospasm,” thereby contributing to the vascular 
defects seen in HELLP syndrome. Many pathologic features con- 
tribute to the clinical manifestations of HELLP syndrome, among 
them abnormal vascular tone, coagulation deficiencies, and vaso- 
spasm.” Fibrin deposition causes hemolysis, and liver injury 
occurs secondary to downstream effects of hemolysis and as the 
result of fibrin deposition and vascular congestion in the liver. 
Platelet activation results in agglutination and the consequent 
decrease in the platelet count. 


Clinical Presentation 


Patients with HELLP syndrome are most often in the third tri- 
mester of pregnancy, and they can present with a wide range of 
symptoms. Some patients are relatively asymptomatic and HELLP 
syndome is diagnosed only on the basis of abnormalities in blood 
tests. The most common overt symptom is right upper quadrant 
abdominal pain and an enlarged and tender liver on physical 
examination.“ Other symptoms may include nausea, emesis, 
lethargy, extremity edema, and jaundice. 


Diagnosis 

The laboratory abnormalities of HELLP syndrome consist of 
those that indicate hemolysis (i.e., haptoglobin and LDH, 
increased levels of aminotransferases and thrombocytopenia). 
Signs of hemolysis can include microangiopathic hemolytic 
anemia with schistocytes on blood smear. These patients may also 
have increased lactate dehydrogenase (LDH) and bilirubin levels. 
Two classification systems (Table 54-4) were established to aid in 
the diagnosis of HELLP syndrome. The Tennessee classification 
requires the following: blood smear of microangiopathic hemo- 
lytic anemia with LDH concentration greater than 600 U/L, 
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platelet count less than 100,000 cells per microliter, and serum 
AST concentration greater than 70 U/L.™® The diagnosis of 
partial HELLP syndrome can be made if a patient has one or two 
of the Tennessee classification components.'*! The Mississippi 
classification can also be helpful in grading the severity of HELLP 
syndrome, and the three criteria it uses are thrombocytopenia, 
increased levels of aminotransferases, and increased LDH level.'** 
Differentiating HELLP syndrome from other liver diseases, 
including those associated with pregnancy, such as AFLP, and 
diseases not unique to pregnancy can be difficult. Although 
thrombocytopenia and a history of hypertension can exist in 
AFLP, both are thought to be more closely associated with HELLP 
syndrome.'*’ Measurement of antithrombin activity may be useful 
to help distinguish AFLP from HELLP syndrome. Although liver 
biopsy is generally not performed in cases of HELLP syndrome, 
histology may show nonspecific findings or coagulative necrosis“ 


(Fig. 54-3). 


TABLE 
E Main Diagnostic Criteria for HELLP Syndrome 


Complete syndrome: 
Platelets <100 x 10°/L; 
AST 270 U/L; LDH 
>600 U/L 


Incomplete syndrome: any 
one or two of the above 


Class 1: platelets <50 x 10°/L; AST 
or ALT >70 U/L; LDH 2600 U/L 


Class 2: platelets <100 x 10°/L or 
250 x 10°/L; AST or ALT 270 U/L; 
LDH 2600 U/L 

Class 3: platelets <150 x 10°/L 
>100 x 10°/L; AST or ALT 
>40 U/L; LDH 2600 U/L 


ALT, Alanine aminotransferase; AST, aspartate aminotransferase; LDH, lactate 
dehydrogenase. 

*Modified from Audibert F, et al. Clinical utility of strict diagnostic criteria for the HELLP 
(hemolysis, elevated liver enzymes, and low platelets) syndrome. Am J Obstet Gynecol 
1996;175:460-464. 

‘Adapted from Martin JN, Jr, et al. The spectrum of severe preeclampsia: comparative analy- 
sis by HELLP (hemolysis, elevated liver enzyme levels, and low platelet count) syndrome 
classification. Am J Obstet Gynecol 1999;180:1373-1384. 


Management 


Once the diagnosis of HELLP syndrome has been established, 
fetal monitoring and patient stabilization with antihypertensive 
agents and magnesium sulfate are recommended. Delivery is the 
only effective treatment for HELLP syndrome, but other factors 
may need to be considered to determine the timing of delivery. 
Although expectant monitoring should be considered in nonse- 
vere forms of hypertensive disease of pregnancy, it is not an 
appropriate option in cases of HELLP syndrome.'™’ Immediate 
delivery is necessary for pregnancies at greater than or 34 weeks 
o gestation and at less than 34 weeks of gestation if there is fetal 
instability or severe HELLP syndrome (multiorgan dysfunction, 
hepatic infarct/hemorrhage, disseminated intravascular coagula- 
tion [DIC], renal failure, or placental abruption).'” If the preg- 
nancy is at less than 34 weeks of gestation and there is no emergent 
concern for the mother or fetus, corticosteroids should be given 
for fetal maturation, and delivery should then be planned within 
24 hours to 48 hours. Steroids were not shown to be effective 
treatment for HELLP syndrome.'®? Platelet transfusions may be 
necessary in cases of bleeding or in preparation for delivery if the 
platelet count is less than 20,000 cells per microliter. Hepatic 
hemorrhage or rupture is the most serious hepatic complication 
of HELLP syndrome, and it may be necessary to consider transfer- 
ring the patient to a liver transplant center.’ Patients with 
abdominal pain and increasing liver aminotransferase levels should 
undergo imaging for the evaluation of potential liver hemorrhage 
or rupture.’ Hepatic artery embolization may be helpful in 
reducing morbidity and mortality but surgical evacuation of a 
hematoma (Fig. 54-4) may be necessary.'*’ Liver transplant is 
required in cases of continued bleeding or liver failure. 


Outcomes 

Although HELLP syndrome resolves rapidly after delivery in most 
cases, maternal mortality can reach 5% and the fetal mortality 
can be as high as 30%.'* Those who require liver transplant 
secondary to HELLP syndrome have an 88% 5-year survival 
rate.“ Patients with an episode of HELLP syndrome carry 
an increased risk of both preeclampsia and HELLP syndrome in 
future pregnancies.“ 


Acute Fatty Liver of Pregnancy 


AFLP is a rare (approximately 1 in 10,000 tol in 20,000 deliver- 
ies), third trimester medical emergency that can be fatal to both 


e Fig. 54-3 Liver in HELLP syndrome. A, Periportal patchy hemorrhage and necrosis (arrow). B, Sinu- 
soidal deposition of fibrin (arrow) (A and B, hematoxylin and eosin stain). 


e Fig. 54-4 Abdominal computed tomography scan showing a sub- 
capsular hematoma (arrow) in the right lobe in a woman with HELLP 
syndrome. 
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e Fig. 54-5 Role of placenta in the pathogenesis of acute fatty liver of 
pregnancy. FA, Fatty acid. (From Goel A, et al. Pregnancy-related liver 
disorders. J Clin Exp Hepatol 2014;4:151-162.) 


the mother and the fetus, and one that can often recur in future 
pregnancies. Primiparous women, multiple gestations, and a male 
fetus are risk factors for AFLP.'**'® The clinical entity obstetric 
acute yellow atrophy was first described at the beginning of the 
twentieth century.” Later, Burroughs et al.” described pregnant 
women as having widespread microvesicular fatty infiltration of 
swollen hepatocytes with minimal necrosis and cholestasis. 
However, the current status of AFLP outcomes is very different, 
and rates of maternal and perinatal deaths from AFLP have 
declined to approximately 10%,'°*''” 


Pathogenesis 

AFLP is an example of mitochondrial hepatopathy (similar to 
Reye syndrome and toxicity due to drugs such as valproic acid), 
and is attributed to a defect in mitochondrial B-oxidation of 
fatty acids’ (Fig. 54-5). Autosomal recessive defects in fetal 
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mitochondrial fatty acid B-oxidation, particularly in the long- 
chain 3-hydroxyacyl coenzyme A dehydrogenase (LCHAD; 
mostly deficiency), which is a part of the mitochondrial trifunc- 
tional protein (MTP) complex, have been linked to AFLP.'””'”° 
Molecular analysis has revealed a common LCHAD mutation, 
G1528C, in the offspring of women who developed AFLP. It is 
therefore suggested that neonates born to women with pregnan- 
cies complicated by AFLP should be tested for the common 
G1528C mutation, and when this testing is done early after birth 
it can be lifesaving by possibly identifying LCHAD-deficient chil- 
dren before they manifest the disease. This will allow early dietary 
intervention by the institution of a diet low in fat and high in 
carbohydrates, and by the substitution of medium-chain fatty 
acids for the long-chain fatty acids.” The precise mechanism by 
which an LCHAD-deficient fetus causes AFLP in a heterozygote 
mother is still unclear. However, several factors appear to contrib- 
ute to this fetal-maternal interaction. First, the heterozygosity of 
the mother for an MTP defect reduces her capacity to oxidize 
long-chain fatty acids. Second, the third trimester is accompanied 
by changes in metabolism, increased lipolysis, and a reduction in 
mitochondrial fatty acid oxidation, all of which increase the sus- 
ceptibility of the mother who carries a fetus with LCHAD defi- 
ciency. During late pregnancy the mother is more dependent on 
fatty acid metabolism for energy, leading to the proposal of an 
association between fetal fatty acid oxidation disorders and mater- 
nal liver disease.'”’ It has been speculated that potentially hepato- 
toxic long-chain 3-hydroxyacyl fatty acid metabolites produced 
by the affected fetus or placenta accumulate in the maternal cir- 
culation.'"” AFLP and other pregnancy-related liver disorders 
occur more commonly if the fetus is homozygous or compound 
heterozygous for a defect in any of the enzymes involved in fatty 
acid oxidation.'””’”* The presence of fatty acid oxidation defects 
in the fetus is estimated to increase the risk of AFLP by 18-fold. 
The role of the placenta in the pathogenesis of AFLP was recently 
studied, and a defect in fatty acid oxidation in placental mito- 
chondria of patients with AFLP was shown to lead to mitochon- 
drial dysfunction and increased oxidative and nitrosative stress in 
the placenta and the serum. At the same time, defective oxidation 
of fatty acids leads to the accumulation of toxic intermediates (free 
fatty acids, e.g., arachidonic acid) in the placenta and serum of 
these patients. °! The contribution of the placenta to the patho- 
genesis of AFLP can partially explain the characteristic prompt 
recovery following delivery. 


Clinical Manifestations 


Nonspecific symptoms of acute liver disease, such as nausea and 
vomiting (57%), hypertension (57%), right upper or epigastric 
abdominal pain (53%), headache, and fatigue, are often present- 
ing symptoms.” Jaundice is also often seen, and earlier jaundice 
may indicate severer disease. Patients may also have other com- 
plications, including hypoglycemia, renal failure, coagulopathy, 
ascites, and encephalopathy. AFLP can result in maternal death 
and fetal demise." Ching et al.” suggested the Swansea cri- 
teria to obtain early diagnoses of AFLP. The criteria were subse- 
quently verified by the United Kingdom Obstetrical Surveillance 
System. 


Diagnosis 

A high index of suspicion and good clinical judgment to differ- 
entiate AFLP from the other relevant liver disorders in pregnancy 
are key to the diagnosis of AFLP. This is often not an easy matter. 
Because AFLP is a rare disorder with significant maternal and fetal 
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e Fig. 54-6 Acute fatty liver of pregnancy. A, Fat accumulation is greater in pericentral hepatocytes (arrow) 
than in periportal hepatocytes (arrowhead) (hematoxylin and eosin stain). B, The small (microvesicular) fat 
droplets surround but do not displace hepatocyte nuclei (arrows) (hematoxylin and eosin stain). C, Fat is 
readily appreciated with oil red O stain on frozen liver tissue. 


morbidity and mortality and with nonspecific clinical and labora- 
tory findings, each patient with nausea, vomiting, malaise, and 
nonspecific symptoms in the third trimester of pregnancy should 
have a complete biochemical and hematologic workup. 

Certain laboratory findings also are seen in cases of AFLP. These 
include elevation of alkaline phosphatase level. Other laboratory 
findings such as leukocytosis, thrombocytopenia, DIC, abnormal 
PT, abnormal partial thromboplastin time, and normal fibrinogen 
level may be seen. Additionally, hypoalbuminemia, hypoglycemia, 
hyperammonemia with hyperuricemia, ketonuria, proteinuria, and 
signs of renal insufficiency, may be present. Imaging studies of the 
liver can also provide information. For example, Doppler abdominal 
sonography may demonstrate a fatty liver. Ultrasonography would 
also provide information regarding severity, including possible flow 
disturbances of liver-related injuries, and ascites. 

A liver biopsy would show microvesicular steatosis but it is 
usually not indicated mostly because of the urgency of the situa- 
tion and because of coagulopathy (Fig. 54-6). Electron microscopy 
can show mitochondrial disruption. Imaging studies can be useful 
to exclude other diseases but they have limited utility in the diag- 
nosis of AFLP. 

Cl’ng et al.” proposed a set of clinical findings, known as the 
Swansea criteria, to establish the diagnosis of AFLP™*'® (Table 
54-5). In comparison with diffuse or microvesicular steatosis, the 
Swansea criteria had a sensitivity of 100% (95% confidence inter- 
val 77% to 100%) and a specificity of 57% (95% confidence 
interval 20% to 88%), with positive and negative predictive values 
of 85% and 100% respectively, in one report.” The frequency of 


Proposed (Swansea) Diagnostic Criteria 
for Acute Fatty Liver of Pregnancy 


Polydipsia/polyuria Encephalopathy 
Elevated bilirubin level Hypoglycaemia 
Elevated uric acid level Leukocytosis 


Ascites or bright liver on Elevated aminotransferase levels 


ultrasonography 


Elevated ammonia level Renal impairment 


Coagulopathy Microvesicular steatosis on liver biopsy 


To meet the criteria the patient should have six or more of these clinical findings. 
From Ahmed KT, et al. Liver diseases in pregnancy: diseases unique to pregnancy. World J 
Gastroenterol 2013;19:7639-7646. 


symptoms and complications in women with AFLP was evaluated 
by Minakami et al.'*’ and is well summarized in Table 54-6. 


Differential Diagnosis 

In a recent article on the differentiation of AFLP from other 
diagnoses from the Gynecology and Obstetrics point of view, 
Minakami et al.’ reviewed the differences between AFLP and 
HELLP syndrome. They found that because women with AFLP 


WAGE Frequency of Symptoms and Complications in 
caa Women With Acute Fatty Liver of Pregnancy 


Symptoms 
Nausea and vomiting 


50%, 60%, 70%, 71%, 79%, 82% 
32%, 50%, 55%, 56%, 70% 

40%, 64%, 78% 

11%, 12%, 50%, 82% 

29%, 32%, 94%, 100% 

9%, 11%, 21%, 30%, 50%, 57%, 91% 
26%, 32%, 36%, 39%, 70% 


Abdominal pain 

Malaise 

Polydipsia/polyuria 
Jaundice/dark urine 
Encephalopathy 
Hypertension/preeclampsia 


Complications 
Acute renal failure 14%, 45%, 50%, 60%, 63%, 83%, 90% 
11%, 33%, 50%, 57% 

36%, 42%, 50%, 58%, 61%, 64%, 70% 
5%, 7%, 17%, 30% 


5%, 7%, 11%, 36% 


Postpartum hemorrhage 
Coagulopathy 
Pulmonary edema 


Gastrointestinal bleeding 


*In various studies. 

From Minakami H, et al. Differentiation of acute fatty liver of pregnancy from syndrome of 
hemolysis, elevated liver enzymes and low platelet counts. J Obstet Gynaecol Res 2014; 
40:641-649. 


often lacked hypertension, they may not have been found to have 
AFLP until they manifested clinical symptoms. Given that women 
with preeclampsia are recommended to undergo blood tests at 
least twice a week, laboratory abnormalities may be found early 
before the development of serious complications in HELLP syn- 
drome. These observations may explain why women with severe 
hypertension are less likely to show severe thrombocytopenia in 
HELLP syndrome. They concluded that the Swansea criteria may 
allow the diagnosis of AFLP only when women become critically 
ill. In terms of histologic features, they found significant overlap 
between AFLP and HELLP syndrome that makes differentiation 
very difficult. Differentiation on a genetic basis is also problematic 
because women carrying fetuses with MTP defects were at higher 
risk of developing liver dysfunction, including AFLP and HELLP 
syndrome, and although LCHAD deficiency might be a clue to 
AFLP, in most cases complicated with AFLP, the women did not 
carry a fetus with MTP mutations. It therefore remains unclear 
whether these tests are clinically useful for the differential diagno- 
sis of AFLP from HELLP syndrome. On the other hand, throm- 
bocytopenia was seen exclusively in HELLP syndrome, and varied 
platelet counts have been documented in AFLP.'* 

Minakami et al. suggested that incorporation of angiotensin 
activity of less than 65% into the diagnostic criteria for AFLP 
(Fig. 54-7) may facilitate prompt diagnosis of AFLP, decrease 
uncertainty regarding the diagnosis of AFLP, and contribute to 
better investigation and understanding of the process leading to 
the development of liver dysfunction. 
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Symptoms, hypertension, proteinuria, and/or multifetal pregnancy 


V 


Blood test (platelet, AT activity, AST, and LDH) 


V 


AST >45 IU/L and LDH >400 IU/L 


and and and 


Platelet <120 x 109/L AT activity <65% Neither 
with any AT activity |] and platelet >120 x 109/L 


j 


AFLP 


Reevaluation* 


HELLP syndrome 


*Repeated blood test is advisable for women with either a reduced 

platelet count (but not reaching <120 x 10°/L) or reduced AT activity 

(but not reaching <65%). 
e Fig. 54-7 Flowchart leading to early diagnosis of acute fatty liver of 
pregnancy (AFLP) and HELLP syndrome. AST, Aspartate aminotransfer- 
ase; AT, angiotensin; LDH, lactate dehydrogenase. (From Minakami H, 
et al. Differentiation of acute fatty liver of pregnancy from syndrome of 
hemolysis, elevated liver enzymes and low platelet counts. J Obstet Gyn- 
aecol Res 2014;40:641 -649.) 


Management 

Early recognition and emergent delivery of the fetus is obligatory. 
A patient with acute liver failure in pregnancy should be recog- 
nized and categorized as a high-risk/seriously ill patient. Maternal 
survival is the priority, and any delay in recognition and delivery 
can be deleterious to the maternal outcome. Cesarean delivery is 
usually the preferred mode of delivery, although vaginal delivery 
may be attempted. Vaginal delivery may decrease the risk of 
intraabdominal bleeding, which has to be balanced against the 
potential delay in delivery and worsening of liver failure. However, 
in view of hepatic and probably systemic acute mitochondrial 
dysfunction, the mother is already in a state of energy deficiency, 
and putting her through the stress of vaginal delivery has the 
potential for worsening liver failure by straining the already 
depleted energy resources. Coagulopathy needs to be addressed 
before delivery, together with adequate blood product replace- 
ment. Continuous watching for hypoglycemia is needed. Prophy- 
lactic broad-spectrum antibiotics, especially against gram-negative 
bacteria, should be considered. Complications such as encepha- 
lopathy, renal failure, and bleeding can delay recovery, and they 
require close monitoring and intensive supportive care. There are 
no specific trials in AFLP patients, so it is recommended to follow 
standard therapy for liver failure. Most patients improve within 
days of delivery provided that delivery was timely. Only rarely is 
liver transplant warranted. After delivery, intravenously adminis- 
tered oxytocin should be considered for all of these patients.” 
Plasmapheresis was used with reported success in severe cases in 
a few series.” 


Prognosis 

AFLP has a high maternal and fetal mortality. Prenatal diagnosis 
can benefit both the mother and her fetus in subsequent pregnan- 
cies. More aggressive management has led to a decrease in mater- 
nal mortality in cases of AFLP.“ 


Future Pregnancies 


There is a small risk of recurrence in subsequent pregnancies and 
a more significant increase if there is a large defect in fatty acid 
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oxidation." Therefore it is imperative to inform the mothers 
of that small risk of recurrence if they become pregnant again. 
The need for regular monitoring and institutional delivery must 
be stressed if the patient desires another pregnancy.” 


Consultation of Liver Patient 
Regarding Pregnancy 


Patients with liver disease should know that our aim as physicians 
is to let them live as normal a lifestyle as possible. Therefore the 
issues surrounding pregnancy and parenthood should be raised, 
and the female patient with liver disease who wishes to become 
pregnant should be supported unless the problem is severe. 

However, pregnancy should be well planned, and efficient moni- 

toring throughout gestation is crucial. 

The main factors that are not absolute contraindications to 
pregnancy but should be carefully considered are as follows: 

e Previous pregnancies/maternal history. 

e The liver disease stage, including cirrhosis assessment: severe 
alterations of the hormonal status occur in liver diseases, and 
cirrhotic women often face difficulties in conceiving. If preg- 
nancy occurs, it is associated with an increased risk of compli- 
cations: between 15% and 20% of pregnant women with 
chronic liver diseases experience spontaneous abortion and are 
at increased risk of premature childbirth or stillbirth.”* 

e The presence of PHT: the biggest problem is variceal bleeding, 
which is most common (up to 45%) during the second tri- 
mester, with 20% risk of maternal death (similar to the risk 
for nonpregnant women with PHT). Therefore cirrhotic 
patients should undergo upper endoscopy for treatment of 
varices before pregnancy. It is important to remember that 
despite those complications, most patients with compensated 
cirrhosis will give birth without any complications. °% 

e The presence of thrombophilia/hypercoagulability state: severe 
preeclampsia, intrauterine growth retardation, abruption pla- 
centae, and stillbirth have been shown to be associated with 
thrombophilia, as has recurrent miscarriage. Finally, thrombo- 
embolism in pregnancy, as in the nonpregnant state, is linked 


to thrombophilia. Hypercoagulable events occur in cirrhotic 
patients despite the well-known bleeding diathesis of liver 
disease.”"'?"7 

e The prepregnancy treatment: the risk to both the mother and 
the fetus of the use/disuse of medications during pregnancy 
should be discussed, with special emphasis on the first trimes- 
ter. Candidate drugs should be evaluated to ensure that they 
are permissible or their use needs to be stopped. 

A woman with liver disease should be aware of the increased risk 

associated with pregnancy and should be familiar with the high- 

risk team that will accompany her throughout her pregnancy. She 

should also be familiar with the various monitoring methods and 

the potential modes of delivery. 


SUMMARY 


Recent Progress 

e Advancements in imaging techniques and medications, particularly 
anticoagulants and antiviral medications, among other medical 
innovations, will improve the treatment of prenatal and pregnant 
patients. 


Key Knowledge Gaps 

e There are many instances of abnormal liver test findings encountered 
during pregnancy with no clear cause identified, and in these situations 
careful monitoring may be pursued with follow-up blood tests, but 
further research may help reveal other liver disorders that may 
manifest themselves or worsen in pregnant patients. 


Future Direction 

e Prepregnancy consultation for at-risk women with underlying liver 
disease is essential to prepare and attempt to achieve the greatest 
chance for a successful healthy delivery. 
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ABBREVIATIONS 


KG alpha ketoglutarate/2 oxoglutarate 

BCAA branched chain amino acids 

DRP1 dynamin-related protein 1 

elF2a eukaryotic initiation factor 2 alpha 

ESPEN European Society for Parenteral and Enteral Nutrition 
GCN2 general control nonderepressible 2 

K,, Michaelis constant 

mTORC1 mammalian target of rapamycin complex 1 
NAFLD nonalcoholic fatty liver disease 

TCA tricarboxylic acid 

TGF transforming growth factor 


Introduction 


The components of nutrition include food intake, digestion, 
absorption, assimilation, and maintenance of different nutrients. 
Even though the liver is involved in each of these processes, the 
focus of this review will be to discuss the consequences of liver 
disease on nutritional status. The term most frequently applied to 
nutritional defects is malnutrition but the term is necessarily 
ambiguous because it does not specify the defects that occur and 
was believed to include protein loss and disordered energy 
metabolism.” Clinically, malnutrition has been used to refer to 
the phenotype of skeletal muscle and fat loss.*’ Recently there 
have been attempts to define specific components of malnutrition 
as sarcopenia or loss of skeletal muscle mass, disordered energy 
metabolism, and micronutrient deficiencies. The major compo- 
nent of malnutrition is, however, sarcopenia or loss of skeletal 
muscle mass. Even though the term sarcopenia has been used to 
refer primarily to aging-related muscle loss, sarcopenia of specific 
diseases (cirrhosis, heart failure, renal failure) is now accepted to 
refer to skeletal muscle loss in chronic diseases. Therefore the 
emphasis in this chapter will be on sarcopenia, with limited dis- 
cussion of energy metabolism and micronutrient deficiencies, and 
the interested reader is referred to reviews on these topics. Recent 
advances in measurement of muscle mass, understanding the 
mechanistic basis for sarcopenia in cirrhosis, and novel targeted 
therapeutic options are expected to improve outcomes of cirrhotic 
patients. Few studies have systematically evaluated the impact of 
nutritional supplementation on outcomes in cirrhosis. The 
ESPEN guidelines for nutritional management of cirrhosis were 


published nearly a decade ago® and need to be updated on the 
basis of the current understanding of the diagnosis and pathogen- 
esis of malnutrition, specifically, sarcopenia in liver disease. More 
recently, guidelines on dietary management of hepatic encepha- 
lopathy were published by a working group in Europe that provide 
the rationale for therapeutic approaches on the basis of past clini- 
cal studies.” 


What Is Sarcopenia in Cirrhosis? 


Malnutrition is known to be a nearly universal complication in 
cirrhosis, but the lack of a precise and a uniform definition has 
contributed to the difficulty in comparing the data from different 
investigators.” Measures of muscle area quantified by anthropom- 
etry or other techniques and muscle strength determined by grip 
strength have been used most frequently. ">>? A few investigators 
have used measures of immune function and serum levels of nutri- 
ents, including albumin, which is truly a hepatocyte synthetic 
function.” Most authors, however, use some measure of skeletal 
muscle loss as the major component of malnutrition. >! We 
defined malnutrition in cirrhosis to be composed of sarcopenia 
(from sarcos, meaning flesh, and penia, meaning deficiency) and 
altered energy metabolism.” The term sarcopenia translates to 
muscle loss, and a qualifying term needs to be added to specify 
the underlying cause of muscle loss. We and others have used 
the term sarcopenia to refer to muscle loss in liver, heart, and 
lung diseases with the appropriate qualifier to identify the under- 
lying disease. ™ ° A number of other consequences of muscle 
loss and consequent metabolic perturbations include impaired 
contractile strength and its effects on functional capacity.'°” 
Deconditioning and frailty have been used to refer to consequences 
of muscle loss and are due to the reduction in muscle loss and 
contractile function.” However, the term sarcopenia should be 
used to refer to the loss of skeletal muscle mass. The components 
of skeletal muscle loss included lower myofiber size and a switch 
in fiber type from a glycolytic, fast twitch, Type II fiber to an 
aerobic, oxidative, slow twitch Type I fiber.'*'” Cachexia has been 
suggested but has generally been used to refer to the phenotype 
of muscle and fat loss that is seen in terminal stages of wasting 
disorders that are rarely seen in patients with cirrhosis in the 
current era. 

The other component of malnutrition is energy hypermetabo- 
lism with a reduction in fat mass, and a switch in substrate utiliza- 
tion to a predominantly fatty acid oxidative state.” Unlike the 
clear clinical recognition of sarcopenia, energy dysfunction 
requires specific evaluations, and the increasing prevalence of cir- 
rhosis due to nonalcoholic fatty liver disease is not necessarily 
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accompanied by fat loss. There is increasing recognition that 
patients with nonalcoholic fatty liver disease have sarcopenic 
obesity, a combination of muscle loss with relatively preserved fat 
mass.” 

The term malnutrition is also used to refer to vitamin D, zinc, 
and other micronutrient deficiencies. However, for most clinicians 
the term malnutrition refers to the clinical syndrome of skeletal 
muscle loss or sarcopenia that has been consistently shown to 
adversely affect clinical outcomes. In liver disease, portal hyper- 
tension contributes to malabsorption of dietary components and 
hepatocellular dysfunction results in impaired albumin synthesis 
and perturbation in amino acid metabolism. For specificity, it is 
best to use the precise terms that are being defined instead of 
including them as components of the term malnutrition. The term 
malnutrition in cirrhosis is being gradually but consistently being 
replaced by terms referring to the specific clinical symptom/ 


finding. 


How Is Sarcopenia Diagnosed in Cirrhosis? 


‘The most common symptoms reported by cirrhotic patients with 
malnutrition are loss of muscle mass, weakness, and/or whole 
body weight loss. These are relatively imprecise and clinical 
measures, and in the past anthropometric measures were used, 
including skin fold thickness and arm and thigh circumference, 
which also suffer from a number of limitations.'”*”* These were 
then replaced by a number of techniques to quantify body com- 
position that separated fat mass from lean or fat free mass, of 
which approximately 40% was composed of skeletal muscle mass 
(Table 55-1). However, given the assumptions to translate lean 
body mass to skeletal muscle mass and the contribution of fluid 
accumulation in cirrhosis to the measurement of nonfat mass, 
there is nearly universal interest in the use of imaging methods, 
including computed tomography, magnetic resonance imaging, 
and potentially ultrasonography, to directly quantify muscle and 
fat area.” These methods, especially computed tomography 
scans, are being used by most centers in association with one of 
the image analysis programs to estimate whole body muscle and 
fat mass with a relatively high degree of accuracy.”**'”” Specific 
cutoff limits were proposed but did not take into considerate the 
physiologic differences between the sexes and the effect of age 
on normal muscle mass.” Recently, age- and sex-based normal 
cutoff values to define sarcopenia normalized for height have been 
published.*! 

As mentioned earlier, contractile dysfunction has been used in 
the past to define malnutrition. Grip strength has been used as an 


WAE Contributors to Nutritional Deficiencies 
Sail and Sarcopenia in Cirrhosis 


Decreased food intake 
Dysgeusia 
Ascites and early satiety 
Salt-restricted diet 
Lower absorption and enteral losses 
Protein restriction 
Decreased physical activity 
Change in mental status 


objective measure but other methods, including the 6-minute 
walk test, have recently been used to define functional impair- 
ment. 0433 Nutrient deficiencies, protein loss, and abnormal 
energy metabolism contribute to contractile dysfunction,” but 
the term sarcopenia in cirrhosis should be used for the loss of 
muscle mass, and defects in muscle function should be referred 
to as such. 


Clinical Significance of 
Sarcopenia in Cirrhosis 


Malnutrition has been reported in 40% to 90% of cirrhotic 
patients depending on the diagnostic criteria used, the severity 
and cause of liver disease, and potentially the effect of activ- 
ity, nutrient intake, and complications of cirrhosis.>7°7°%°” The 
prevalence of sarcopenia with specific cutoff values for muscle 
loss ranges from 40% to 70%. Other parameters, including 
grip strength, immune function, and serum albumin levels, have 
been used with variable prevalence.'”*’ Sarcopenia is accompanied 
by lower survival, lower quality of life, increased risk of compli- 
cations of cirrhosis, poor peritransplant outcomes, and higher 
mortality after liver transplant. "363 Extensive literature on 
cirrhotic patients with muscle mass quantified initially anthropo- 
metric measures, and more recently direct measurement by image 
analysis has provided compelling evidence that sarcopenia results 
in higher mortality. ™” The cause of death directly attributable 
to sarcopenia has not been carefully evaluated, but sepsis occurs 
more frequently in sarcopenic patients.” The reason for greater 
severity and prevalence of infection in sarcopenic patients is not 
known but may be related to the impairment of immune function 
due to defective amino acid metabolism and protein turnover. 
Other reasons for greater infection in sarcopenic patients may 
be due to decreased mobility but this has not been evaluated. 
Elegant studies have shown that malnutrition, mainly muscle 
loss, is associated with increased risk of encephalopathy in cir- 
thosis.'” This may be because the skeletal muscle is a metabolic 
partner of the liver in ammonia disposal in individuals with 
liver disease. Portal hypertension and ascites have also been 
reported to be more frequent in sarcopenic cirrhotic patients." 
Lower muscle mass, decreased contractile function, and increased 
hospitalization in these patients contribute to lower quality of 
life.” 

Liver transplant is an integral part of the management strategy 
for cirrhotic patients. Sarcopenic patients are recognized to have 
poor outcomes, including higher graft rejection and increased 
mortality, compared with nonsarcopenic patients.*“”“* Given that 
most cirrhotic patients do not receive a transplant, and even those 
who are listed for liver transplant have to wait for 6 months or 
longer with continued loss of muscle mass, there is an urgent need 
to prevent and treat sarcopenia in cirrhosis.’ Unlike other com- 
plications of cirrhosis that reverse after liver transplant, most 
studies published to date report that sarcopenia does not reverse 
or worsens in most patients after transplant.**'“’ Furthermore, 
posttransplant mortality was higher in patients with ongoing 
muscle loss compared with patients who showed an increase in 
muscle mass after transplant.” 

Even though there are no established treatments to reverse 
sarcopenia, there are consistent data showing that following a 
transjugular portosystemic stent placement, lean body mass 
increases and sarcopenia is reversed.™” Furthermore, in that 
study, reversal of sarcopenia improved survival, reiterating the 


high clinical significance of sarcopenia and the large unmet need 
for therapies to prevent and treat this major complication of cir- 
rhosis and liver disease. Skeletal muscle atrophy can develop fairly 
quickly but recovery is much slower, so evaluation of beneficial 
effects of interventions is time-consuming and therapeutic studies 
are very limited. Translation of data from studies to reverse sarco- 
penia of aging may be difficult because the underlying pathogenic 
mechanisms and therefore responses to interventions are likely to 
be different in patients with cirrhosis. 


Contributors to Sarcopenia in Cirrhosis 


A number of factors contribute to the nutritional consequences 
of cirrhosis (Table 55-2). The cause and duration of cirrhosis, 
the severity of liver disease, and other complications of cirrhosis, 
including portal hypertension, ascites, hepatocellular carcinoma, 
and encephalopathy, contribute to the malnutrition and sarco- 
penia in cirrhosis. Alcoholic and cholestatic cirrhosis have been 
consistently reported to have the most severe muscle loss because 
of the direct effects of alcohol and bile salts, respectively, on the 
skeletal muscle.’ Nonalcoholic fatty liver disease is a state of 
sarcopenic obesity, and the adiposity may mask the underlying 
muscle loss.” Portal hypertension affects almost the entire gastro- 
intestinal tract with decreased motility, altered absorption, and 
protein-losing enteropathy, all of which contribute to sarcopenia 
and nutrient deficiencies.” Alcohol and its metabolites directly 
cause disturbed gut absorption and mucosal integrity, both of 
which result in nutrient deficiencies. Cholestatic disorders aggra- 
vate fat-soluble vitamin deficiencies, including vitamin D defi- 
ciency. Ascites results in early satiety and decreased food intake. 
Recurrent sepsis causes a catabolic state with progressive muscle 
loss. Encephalopathy results in lower food intake because of the 
impaired mental state. Despite nearly universal recognition that 
protein intake need not be restricted in patients with cirrhosis, 
patients are often given a low-protein diet that aggravates sarco- 
penia. Additionally, patients with minimal encephalopathy may 
not take adequate and regular meals. Hospitalization of patients 
is another cause of worsening sarcopenia and nutrient deficien- 
cies. Finally, cirrhotic patients with hepatocellular carcinoma 
have more severe nutrient deficiencies and sarcopenia than those 
without.” 


arg Skeletal Muscle Evaluation in Cirrhosis 

Skeletal muscle mass 

Direct quantification: CT, MRI, ultrasonography 

Indirect quantification: anthropometric measures, bioelectrical 
impedance analysis, impedance plethysmography, dual-energy 
X-ray absorptiometry 

Muscle quality: CT density? 

Muscle biopsy for fiber size and type (invasive) 

Contractile function: maximum grip strength 

Fatigue and maintenance of strength on persistent contraction 

Functional activity level: 6-min walk test 

Noncontractile metabolic functions (insulin response, amino acids for 
gluconeogenesis) 


CT, Computed tomography; MRI, magnetic resonance imaging. 
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Mechanisms of Sarcopenia in Cirrhosis 


A major concern for patients and the treating physicians is that 
despite the high prevalence of and adverse clinical consequences 
of sarcopenia, there are no effective therapies because of the very 
limited understanding of the mechanisms of sarcopenia.’ Skeletal 
muscle mass is maintained by a balance between protein synthesis, 
proteolysis, and satellite cells, which are the myogenically com- 
mitted stem cells responsible for skeletal muscle regeneration.’ 
Protein synthesis is regulated by mammalian target of rapamy- 
cin complex 1 (mTORC1), which is responsible for ribosomal 
translation of capped messenger RNA, and eukaryotic initiation 
factor 20 inhibits global protein synthesis.” The two major pro- 
teolytic pathways are the ubiquitin proteasome and autophagy 
pathways.’ Lower dietary intake, reduced protein consumption, 
and impaired digestion and absorption of nutrients contribute to 
decreased muscle mass, but the metabolic and molecular perturba- 
tions in the skeletal muscle have not been fully elucidated. 

Whole body protein turnover measured by tracer kinetics 
showed conflicting data, with increased, unaltered, or decreased 
proteolysis, whereas indirect measures of protein synthesis 
were decreased.” Arteriovenous differences and release of 
3-methylhistidine showed lower muscle protein synthesis and 
decreased proteasome-mediated proteolysis.” Variability in obser- 
vations can be primarily related to lack of studies using direct 
skeletal muscle biopsies, and also the heterogeneity of patients 
studied and the methods used.’ 

Physiologic studies using calorimetry to determine substrate 
utilization and energy expenditure show that cirrhosis is a state of 
accelerated starvation and hypermetabolism.**”' Physiologically, 
the postprandial or fed state lasts from 6 hours to 7 hours when 
the primary oxidative substrate is glucose derived from carbohy- 
drates, followed by the fasting or postabsorptive state, when fatty 
acids from lipolysis and gluconeogenesis from amino acid—derived 
carbon skeleton provide the substrate for oxidative phosphoryla- 
tion and generating ATP. In cirrhosis the postabsorptive or fasting 
state occurs sooner than in healthy individuals, with a more onset 
of rapid fatty acid oxidation and gluconeogenesis.” The 
molecular and cellular mechanisms of this substrate switch are not 
yet known. Cirrhotic patients are also hypermetabolic with a 
higher mortality but the mechanisms are not yet known.” 

Biochemical studies show lower circulating branched-chain 
aromatic amino acid (BCAA) levels and elevated aromatic amino 
acid levels in cirrhosis. Alterations in the levels of circulating 
amino acids were interpreted to be due to increased skeletal 
muscle proteolysis and utilization because BCAA catabolism 
occurs almost exclusively in the skeletal muscle. Aromatic amino 
acids are metabolized in the liver, and because of hepatocyte dys- 
function and portosystemic shunting, circulating concentrations 
are elevated.’ Hormonal perturbations include lower plasma tes- 
tosterone level due to peripheral aromatase activity and altered 
growth hormone secretory patterns and decreased hepatic insulin- 
like growth factor 1 response, all of which contribute to the lower 
skeletal muscle mass in cirrhosis." Despite these descriptive 
studies, it is only recently that some mediators of the liver-muscle 
axis have been identified. 

One of the primary functions of hepatocytes is ammonia dis- 
posal via ureagenesis, which is impaired in cirrhosis and liver 
disease.” The skeletal muscle functions as a major metabolic 
partner of the liver with progression of liver disease with increased 
ammonia uptake and conversion to glutamine.”””* Skeletal muscle 
uptake of ammonia was believed to be a metabolic function 


without significant pathophysiologic significance. However, 
recent data show that ammonia causes signaling and metabolic 

erturbations in the skeletal muscle that contribute to sarcope- 
nia.'*°°”? Elevated ammonia level causes encephalopathy by a 
variety of mechanisms in the astrocytes and potentially neurons. “7 
In the skeletal muscle, ammonia is believed to be transported by 
a group of ammonia transporters, including the proteins RhBG 
and RhCG and potentially other members of the ammonia trans- 
port family of proteins.”°”’ In the muscle, ammonia causes molec- 
ular signaling and metabolic perturbations that contribute to loss 
of muscle mass. “5678 

Ammonia transcriptionally up-regulates myostatin, a transform- 
ing growth factor B superfamily member, via a p65 nuclear factor KB 
p65—mediated mechanism and inhibits protein synthesis via 
impaired mTORCI signaling.” Circulating myostatin expression 
and muscle myostatin expression are increased in cirrhosis.” 
Ammonia decreases or does not alter skeletal muscle proteasome- 
mediated proteolysis but increases autophagy.” Ammonia regulates 
these responses by an integrated response that includes dysregula- 
tion of transcription factors and the metabolic perturbations caused 
by the disposal mechanisms. The principal mechanism of ammonia 
disposal in the skeletal muscle is via the synthesis of glutamate 
from the critical tricarboxylic acid cycle intermediate 0-ketoglutarate 
(AKG) catalyzed by glutamate dehydrogenase.*”** This is a bidi- 
rectional enzyme that prevents loss of AKG by the high Michaelis 
constant (Km) for ammonia so that during physiologic states when 
tissue and cellular ammonia concentrations are lower than 1 mM, 
glutamate serves as an anaplerotic substrate generating @KG.*' In 
cirrhosis, skeletal muscle ammonia concentration has been reported 
to be approximately 4.6 mM, which is much higher than Km for 
glutamate dehydrogenase and favors the anaplerosis of glutamate 
to AKG rather than the cataplerosis of aKG.” Reduction in KG 
concentration causes lower tricarboxylic acid cycle flux and stabilizes 
hypoxia-inducible factor 1 with consequent impaired mTORC1 
signaling and lower protein synthesis.” To replenish &KG, amino 
acids, especially BCAAs, function as anaplerotic substrates, with 
increased uptake from plasma and autophagic release of amino 
acids,*°* 

Thus a combination of skeletal muscle ammonia-induced 
metabolic and molecular signaling perturbations results in lower 
protein synthesis and increased autophagic proteolysis and conse- 
quent sarcopenia (Fig. 55-1). Increased muscle oxidation of 
BCAAs is another metabolic abnormality in cirrhosis and can 
potentially contribute to the lower BCAA levels with decreased 
signaling by mTORC1, a direct target of leucine.” Hyperam- 
monemia also causes mitochondrial dysfunction and lower ATP 
content, and generates reactive oxygen species in neural tissue,” 
and a similar mechanism may contribute to sarcopenia and post- 
translational modifications of critical structural and contractile 
proteins.*°*” 

In addition to lower muscle mass, another component of mal- 
nutrition and sarcopenia is the reduction in contractile function. 
Reduced grip strength and increased fatigue and frailty due to 
lower muscle strength have been extensively reported'*'””° but 
there are very limited data on the mechanistic basis for these clini- 
cal observations. Recent data suggest that ammonia lowers muscle 
contractility and increases fatigue responses to repetitive stimula- 
tion.” Even though the molecular bases of decreased muscle 
strength and fatigue are not fully understood, a combination of 
lower strength and increased muscle fatigue in combination with 
decreased muscle bioenergetics results in lower muscle contractile 
function.***” Decreased muscle contraction aggravates muscle loss 
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¢ Fig. 55-1 Pathogenic mechanisms that contribute to sarcopenia and 
malnutrition in cirrhosis with an ammonia-centric view. Hyperammone- 
mia due to impaired hepatic ureagenesis with increased muscle uptake 
activates a cascade of molecular and metabolic perturbations that con- 
tribute to increased proteolysis (autophagy) and decreased protein syn- 
thesis resulting in sarcopenia. AMPK, AMP-activated protein kinase; 
HIF 1a, hypoxia-inducible factor 10; mTORC7, mammalian target of rapa- 
mycin complex 1; ROS, reactive oxygen species. 


because of decreased physical activity. Resistance exercise increases 
muscle mass and endurance exercise improves functional capacity, 
both of which are reduced in cirrhosis, and hyperammonemia is 
a potential mediator of these abnormalities.” 

In addition to sarcopenia, low zinc levels and hypovitamino- 
sis D are additional deficiencies that are consistently reported in 
cirrhosis.” ”! The mechanism of low circulating zinc levels may be 
related to either decreased absorption or increased losses. Low zinc 
levels compromise immune function in cirrhosis. Vitamin D is 
metabolized to the 25-hydroxy form in the liver, and low plasma 
vitamin D levels are expected in liver disease.”””’ 


Therapeutic Options for Sarcopenia 


The mainstay of treatment of malnutrition in cirrhosis has been 
based on the principle of deficiency replacement rather than 
targeting the mechanisms of the specific abnormalities. Poor 
oral intake and decreased activity are believed to be the major 
contributors to sarcopenia.’ A number of studies have evalu- 
ated caloric and protein supplementation, altering the time of 
meals and snacks, and supplementation with specific nutrients. 
However, despite some reports of beneficial effects, meta-analyses 
and systematic reviews have suggested that nutrient supplementa- 
tion is not beneficial in cirrhosis, ™” and there are no established 


guidelines for the duration or type of exercise that will be benefi- 
cial.” Cirrhosis is a state of anabolic resistance, when there is an 
impaired response to nutrient and other anabolic stimuli. Increas- 
ing understanding of the underlying molecular mechanisms will 
allow anabolic resistance to be overcome and reverse or prevent 
sarcopenia. 


Nutritional Supplementation 


Providing extra calories and proteins by frequent feeding, high- 
calorie feeding, and enteral feeding has been used to overcome the 
effects of decreased food intake with inconsistent benefits.” 
Parenteral nutrition has been suggested for critically ill patients 
with liver disease, including those with alcoholic hepatitis who are 
unable to be fed enterally for more than 72 hours, but systematic 
analyses have shown limited utility.°°®’’ Heterogeneity in patient 
populations, the nutrients administered, nutritional measures, and 
clinical outcomes can explain the variable results reported. A few 
studies show improvement in nitrogen retention and an increase 
in lean body mass but direct quantification of skeletal muscle mass 
by image analysis has yet to be reported. Meta-analyses of supple- 
mental nutrition in patients with alcoholic hepatitis and cirrhosis 
conclude that nutritional supplementation by different routes 
does not alter survival, the major clinical outcome.” The impact 
on other complications of cirrhosis has not been well evaluated. 
Mechanistic explanations for the lack of consistent benefits of 
calorie supplementation focus on the impairment in bioenergetics 
cycles during hyperammonemia in the muscle. Ammonia inhibits 
pyruvate dehydrogenase, a critical enzyme required for generation 
of the acetyl-CoA from pyruvate.” Acetyl-CoA is the primary 
oxidative substrate for the tricarboxylic acid cycle, and alternative 
sources, including amino acids and fatty acids, will be required for 
energy generation. Ammonia also impairs mitochondrial function, 
which contributes to lower energy generation despite nutritional 
supplementation. 

Because cirrhosis is a state of accelerated starvation, another 
approach is to provide frequent meals to decrease the duration 
of the fasting or postabsorptive phase. Daytime and nocturnal 
feeding have been evaluated, and the use of late-evening snacks 
with a high protein content has been most beneficial in increas- 
ing lean body mass.°' Because the longest period of fasting is at 
night, breakfast with a protein snack combined with the late- 
evening snack is likely to have the most benefit. The effects of 
the nocturnal snack have been extensively evaluated but the 
benefits of breakfast have not been as carefully assessed, but a 
combined late-evening snack and breakfast are likely to be most 
beneficial.””'° 

Current recommendations based on extensive studies on nutri- 
ent administration and supplementation suggest a daily caloric 
intake of 35 kcal/kg to 40 kcal/kg and a daily protein intake of 
1 g/kg to 1.2 g/kg.'” It is also important to emphasize that 
protein restriction should be avoided and is not beneficial." The 
primary reason for protein restriction in cirrhosis was the ammo- 
niagenic potential that increased the risk of encephalopathy.” 
However, the source of protein has been suggested to determine 
the risk of encephalopathy because animal proteins are rich in 
aromatic amino acids, which predispose to encephalopathy, 
whereas plant proteins are rich in BCAAs, which may be protec- 
tive against encephalopathy. Protein restriction promotes endog- 
enous skeletal muscle proteolysis that mimics an animal protein 
load with the potential risk of encephalopathy. Current sugges- 
tions are to recommend a diet with primarily plant proteins, 
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including legumes and soy-based products, that allow 1 mol of 
ammonia disposal per mole of BCAAs.'”° 

BCAAs have been used to treat hepatic encephalopathy, but 
very limited beneficial effects have been reported, which is counter 
to the beneficial outcomes expected with BCAA supplementa- 
tion.” Recently, leucine-enriched BCAA supplementation was 
shown to reverse the signaling perturbations in the skeletal muscle 
of cirrhotic patients by activation of mTORC1 and inhibition of 
the amino acid sensor general control of nutrition depressed 2 
(GCN2), both of which stimulate protein synthesis.™ However, 
this was a single-dose effect, and the effects of long-term leucine 
supplementation in cirrhosis are not yet known. A potential 
mechanism is that in conventional doses BCAAs are oxidized in 
the skeletal muscle mitochondria and cytoplasmic leucine is not 
sufficient to activate mTORCI or suppress GCN2.**'°* However, 
direct quantification of skeletal muscle amino acids does not show 
reduction in BCAA levels.'” This leads to the intriguing possibil- 
ity of partitioning of amino acids into the skeletal muscle during 
hyperammonemia of cirrhosis, with the carbon skeletons from 
BCAAs being used as anaplerotic substrates. These observations 
suggest that larger doses of BCAAs have the potential to reverse 
sarcopenia in cirrhosis. 

Even though the reason for limited reversal or no reversal 
of sarcopenia with nutritional supplementation is unclear, it is 
likely related the anabolic resistance of cirrhosis. For nutritional 
supplementation to be beneficial, the underlying molecular and 
metabolic derangements that contribute to the anabolic resis- 
tance need to be identified and targeted therapies need to be 
initiated. 

Low circulating zinc levels have been nearly consistently 
reported, and there are data that zinc supplementation improves 
clinical outcomes in cirrhosis.*”'°° Hypovitaminosis D aggra- 
vates bone loss in cirrhosis, and routine screening of plasma 
1,25-dihydroxyvitamin D;, the active form of vitamin D, fol- 
lowed by aggressive supplementation may be beneficial. The dose 
and duration of vitamin D supplementation in cirrhosis has, 
however, not been established. There is emerging evidence that 
vitamin D deficiency may affect skeletal muscle function and 
potentially muscle mass. 

In cholestatic diseases, supplementation with fat-soluble vita- 
mins, including vitamins A, D, E, and K, should be considered. 
Cholestatic patients are also at risk of bone loss due to impaired 
absorption of vitamin D, defective activation by hepatic hydrox- 
ylation, and consequent defects in calcium homeostasis. 


Exercise and Physical Activity 


There is increasing interest in the contribution of contractile dys- 
function and fatigue responses in cirrhosis to frailty and decon- 
ditioning."° Exercise and increasing physical activity improve 
functional performance but less is known about their effect on 
skeletal muscle mass.”*'*’ Resistance exercise improves muscle 
mass, whereas endurance exercise improves functional capac- 
ity." Multiple studies and systematic reviews have shown 
improvement in short-term outcomes following exercise but the 
effects on long-term survival, quality of life, and the development 
of other complications of cirrhosis are not yet known.” A 
combination of resistance and endurance exercise is likely to 
provide the maximum benefit in reversing or preventing sarcope- 
nia and in increasing functional capacity. Exercise increases skel- 
etal muscle ammoniagenesis, and the ammonia produced is 
disposed of by hepatic ureagenesis.'”’ Impaired hepatic ammonia 
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disposal may lead to higher muscle ammonia concentrations fol- 
lowing exercise and contribute to impaired benefits. 

Exercise improves skeletal muscle mTORC1 signaling via 
signal transduction of mechanical stimuli via a protein kinase CC¢— 
dependent increase in phosphatidic acid concentration.’ It is not 
known if the anabolic resistance in cirrhosis blunts exercise 
responses and synthesis of phosphatidic acid. A recent study in a 
number of models, including human cirrhosis, showed that 
hyperammonemia impairs skeletal muscle strength and increases 
muscle fatigue responses to repetitive contraction.” The effect of 
ammonia-mediated impaired contractile strength may signifi- 
cantly limit exercise capacity independently of cardiopulmonary 
dysfunction in cirrhosis. It is important to consider the muscle 
dysfunction and possibly limited benefits at the cellular and 
molecular levels in the long term when cirrhotic patients are 
encouraged to exercise. 


Anabolic Hormones 


Both low testosterone secretion and decreased growth hormone 
secretion and impaired end-organ response have been reported in 
cirrhosis.°”°*''! Supplementation with testosterone and growth 
hormone and their analogues has not been beneficial and is 
accompanied by significant adverse effects.''*''? One potential 
reason for limited or no benefit from testosterone supplementa- 
tion may be related to increased peripheral aromatase activity in 
cirrhosis that converts testosterone to estradiol.''® The aromatase- 
resistant analogue oxandrolone may be beneficial, but significant 
adverse effects have limited its routine use to prevent and treat 
sarcopenia in cirrhosis.''’ Limited benefit with growth hormone 
supplementation may be due to impaired signaling responses, 
including insulin-like growth factor 1 synthesis and mTORCI1 
signaling in the muscle of cirrhotic patients.**''* Currently, 
hormone supplementation is not recommended in cirrhosis to 
improve muscle mass because of lack of demonstrable benefit and 
the potential for significant adverse effects of such therapy. 


Ammonia-Lowering Measures 


Of the mediators of the liver-muscle axis, hyperammonemia has 
been shown to impair protein synthesis and increase autophagic 
proteolysis.°°’*”* Therapies to lower ammonia levels are cur- 
rently used to treat hepatic encephalopathy, allowing this poten- 
tially exciting therapy to reverse or prevent sarcopenia.''? These 
measures focus primarily on reduction of gut ammonia synthesis 
and transport into the circulation. Despite a large number of 
studies on ammonia-lowering measures in cirrhosis, there are no 
published data on the beneficial effects in reversing sarcopenia, 
primarily because muscle mass has not been used as an outcome 
measure in these studies. Additionally, circulating ammonia con- 
centrations do not necessarily correlate with muscle concentra- 
tions, and strategies to lower circulating ammonia concentrations 
may not necessarily lower tissue ammonia concentrations effec- 
tively. Long-term lowering of ammonia concentrations may be 
necessary before adequate lowering of muscle ammonia concen- 
trations is achieved, especially given increased muscle uptake of 
ammonia in cirrhosis. Finally, even if ammonia concentrations are 
lowered, sarcopenia may not reverse because of other potential 
mechanisms contributing to muscle loss. 

Alternative methods to lower ammonia concentrations include 
increased nonhepatic disposal with use of anaplerotic substrates, 
including cell-permeable O&KG, which promotes ammonia 


disposal in the muscle. Both preclinical and clinical evaluations 
are necessary before such novel ammonia-lowering measures can 
be recommended. Other anaplerotic substrates include isoleucine, 
which has been shown to be beneficial in lowering ammonia 
concentrations in preclinical studies." 


Molecular Targeted Therapies 


On the bass of the molecular responses in the skeletal muscle, 
myostatin antagonists and its downstream targets,” mTORC1 
activators, have the potential to reverse sarcopenia in cirrhosis. 
Other approaches include the use of antioxidants, and mitochon- 
drial protective agents, including dynamin-related protein 1 
(DRP1) inhibitors, hold promise in reversing the molecular 
abnormalities underlying sarcopenia in cirrhosis. 


Post-Liver Transplant Sarcopenia 


Sarcopenia not only worsens but can also develop after liver trans- 
plant." Progression of muscle loss after transplant despite 
improvement in metabolic disturbances may be due to either 
persistence of the molecular effects of cirrhosis due to epigenetic 
changes or the immunosuppressive agents used nearly universally. 
Protein synthesis is blocked and autophagy is promoted by 
mTORC1 inhibitors, and this can contribute to sarcopenia after 
transplant.’ Calcineurin inhibits myostatin, and the use of calci- 
neurin inhibitors as immunosuppressive agents can activate myo- 
statin, with consequent reduced muscle mass and increased fat 
mass, the components of sarcopenic obesity.“”'*! Lowering the 
dose of immunosuppressive therapy may be helpful, but another 
approach is to develop immunosuppressive therapies that do not 
affect muscle-signaling responses. Posttransplant obesity is also 
believed to be due to excessive caloric intake, and a dietary plan 
with adequate protein and caloric intake is recommended to avoid 
obesity, insulin resistance, and sarcopenic obesity.” 


Nonalcoholic Fatty Liver 
Disease and Nutrition 


Obesity and metabolic components, including insulin resistance, 
accompany nonalcoholic fatty liver disease. Before cirrhosis devel- 
ops, calorie restriction and increased physical activity are likely to 
be most effective.”*'”’ After cirrhosis develops following nonalco- 
holic steatohepatitis, patients continue to lose muscle mass but 
may or may not lose fat mass at the same rate and may not appear 
clinically to be sarcopenic unless objective measures, including 
image analyses, are used. 


Conclusion 


The liver plays a critical role in maintaining nutrient homeostasis, 
including amino acid, glucose, and fatty acid metabolism. Malnu- 
trition is an unclear term, and specific terminology should be used 
when one is referring to the clinical and laboratory perturbations. 
Molecular studies have provided the basis for explaining previous 
contradictory data from whole body studies, including the effects 
of the cause and duration of disease. Cirrhosis is characterized 
by accelerated starvation and anabolic resistance that contribute 
to sarcopenia with adverse clinical outcomes. Nonalcoholic fatty 
liver disease is characterized by obesity, insulin resistance, and 
sarcopenia, which are also observed after liver transplant. Calorie 


and protein supplementation alone are of limited value in revers- 
ing sarcopenia in cirrhosis. Exercise regimens may be beneficial 
but need more careful evaluation. Targeted molecular thera- 
pies, including leucine supplementation, myostatin antagonists, 
and ammonia-lowering regimens, hold promise for the future 
(Fig. 55-2). Micronutrient supplementation, including zinc and 
vitamin D supplementation, is beneficial in patients with cir- 
thosis. Increasing focus should be placed on understanding and 
developing strategies to prevent sarcopenia from developing in 
cirrhosis. 


SUMMARY 
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e Fig. 55-2 Potential therapeutic targets to reverse sarcopenia in cir- 
rhosis. In addition to hyperammonemia, other putative mechanisms that 
contribute to reduced muscle mass and impaired contractile function 
provide treatment options, including novel molecular therapies. BCAA, 
Branched-chain amino acid. 


Recent Progress 

e Sarcopenia or skeletal muscle loss is identified as the major 
component of malnutrition and is the most frequent complication 
of cirrhosis. 

e Sarcopenia results in increased mortality in cirrhosis and worse clinical 
outcomes after liver transplant, and reversal of sarcopenia improves 
survival. 

e Quantification of skeletal muscle mass by image analysis is rapidly 
replacing measures of body composition that quantify fat-free and fat 
mass. 

e Nonmechanistic deficiency replacement as the primary therapeutic 
strategy is responsible for the lack of effective therapies despite high 
Clinical significance. 

e Hyperammonemia is a mediator of the liver-muscle axis and 
activates molecular and metabolic perturbations that cause 
muscle loss. 

e Increased expression of myostatin, a transforming growth factor B 
superfamily member that inhibits muscle protein synthesis, increased 
autophagy, and impaired contractile function are recognized as potential 
mechanisms of sarcopenia in cirrhosis. 

e Muscle mitochondrial dysfunction and energy dysmetabolism contribute 
to muscle loss and poor functional capacity in cirrhosis. 


Reference 


e Avoidance of protein restriction, adequate caloric intake, and 
encouragement of ongoing physical activity and ambulation are critical to 
preventing worsening of sarcopenia. 

e Nutrient supplementation with leucine-enriched BCAAs, a late-evening 
snack, and increased physical activity hold promise as treatment options. 


Key Knowledge Gaps 

e The contributions of other abnormalities in cirrhosis, including 
endotoxemia, cytokine abnormalities, and hormonal perturbations, to 
sarcopenia need to be identified. 

e Translation of the known mechanisms into therapeutic applications is 
necessary: myostatin antagonists, mitochondrial protective agents, 
long-term ammonia-lowering strategies, and specific amino acid 
supplementation to reverse metabolic and molecular abnormalities in 
cirrhosis that contribute to sarcopenia. 


Future Directions 

e Molecular therapies: myostatin antagomirs and other muscle-regulatory 
genes, activation of novel ammonia disposal pathways, blocking of 
activation of skeletal muscle inflammatory pathways in cirrhosis. 

e Development of treatments directed to improve skeletal muscle 
contractile function in cirrhosis. 


The complete reference list is available at www.expertconsult.com. 
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ABBREVIATIONS 


ADR adverse drug reaction 

ALF acute liver failure 

ALT alanine aminotransferase 

AP alkaline phosphatase 

AST aspartate aminotransferase 

ATP adenosine triphosphate 

BHDS botanicals, herbal products, and dietary supplements 
Cl confidence interval 

CYP cytochrome P450 

DILI drug-induced liver injury 

DILIN Drug-Induced Liver Injury Network 

FDA Food and Drug Administration 

GSH glutathione 

HAART highly active antiretroviral therapy 

HLA human leukocyte antigen 

MMPT mitochondrial membrane permeability transition 
NAPQI N-acetyl-p-benzoquinoneimine 

NARTI nucleoside analog reverse transcriptase inhibitor 
NSAID nonsteroidal antiinflammatory drugs 

PI protease inhibitor 

SOS sinusoidal obstruction syndrome 

ULN upper limit of normal 


Introduction 


In humans and other higher organisms the liver is the principal 
site for the metabolism of foreign substances. It is responsible 
for absorbing, detoxifying, and excreting an astonishing array of 
chemical substances, encountered both from outside the organism 
(i.e., xenobiotics) and from within the organism, including many 
substances synthesized by the liver itself. In the toxicology litera- 
ture, there is a distinction between toxins, which are naturally 
occurring poisons, and toxicants, which can be derived from any 
source. In general, the liver and kidneys are chiefly responsible for 
maintenance of the internal milieu of chemicals within narrow 
concentration gradients. These organs also function to remove 
potentially toxic compounds from organisms. In general, toxic 
compounds of lower molecular weight and higher water solubil- 
ity are excreted chiefly by the kidneys through glomerular filtra- 
tion and/or tubular secretion. In contrast, larger, more lipophilic 
substances must be absorbed and undergo initial metabolism by 
the liver before their excretion either in the bile and feces or in 
the urine. 
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The multistep process for the metabolism of drugs and chemi- 
cals is summarized in Fig. 56-1. Most such chemicals are ingested 
orally and absorbed, chiefly in the proximal part of the small 
intestine. Some of them undergo initial metabolism within the 
gastrointestinal tract. Parent compounds and/or metabolites then 
enter the splanchnic blood, from which they are eventually deliv- 
ered by the portal circulation to the liver. Depending on the 
xenobiotic in question, cells within the liver absorb a variable 
proportion of the compound. This initial removal of compounds 
from the portal blood, which is the chief blood supply to the liver, 
is called the first-pass effect of the liver. 

The uptake into liver cells occurs primarily, but not solely, into 
hepatocytes. During the past several years a number of transport- 
ers of cations and anions have been described and have been 
identified as important in the uptake of endogenous chemicals 
and xenobiotics (drugs, foreign chemicals) by liver cells. Once 
inside hepatocytes, these chemicals undergo further intracellular 
binding and transport. The intracellular mechanisms responsible 
for such transport are less well understood. It is likely that highly 
lipophilic compounds dissolve readily into the membranes of cells 
and diffuse widely and quickly within and across such mem- 
branes. In contrast, more hydrophilic compounds require protein 
binding and other means for transport. 

As shown in Fig. 56-1, many (but certainly not all) drugs and 
chemicals require an initial oxidation reaction, termed phase I 
metabolism. The most common example is hydroxylation cata- 
lyzed by 1 of the 57 varieties of cytochrome P450 (CYP). Many 
of these CYPs are found in hepatocytes, and they perform hydrox- 
ylation reactions in concert with NADPH (as a source of elec- 
trons) and cytochrome P450 reductase; for some chemicals, 
cooperation with another heme-containing protein, cytochrome 
bs, is also required. These enzymes and reactions occur principally 
in the smooth endoplasmic reticulum. 

Following the initial hydroxylation reaction, one of several 
additional reactions leads to the addition of more water-soluble 
moieties to the initial hydroxylated product. The enzymes 
responsible for this so-called phase II metabolism are chiefly 
glucuronosyltransferases, sulfotransferases, and enzymes that add 
glutathione (GSH) or products of the reduced thiol form of 
GSH (e.g., glutathione transferases). The key substrates for these 
conjugation reactions are uridine diphosphoglucuronic acid, 3’- 
phosphoadenosine 5’-phosphosulfate, and reduced GSH (the tri- 
peptide L-y-glutamyl-L-cysteinylglycine). 

The third phase of hepatic drug metabolism—the transport of 
the parent drug and/or its metabolites out of hepatocytes—can 
occur in one of the following ways: drugs and/or metabolites 
can be transported across the plasma membrane, with eventual 
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e Fig. 56-1 Disposition of xenobiotics in humans. CYR Cytochrome 
P450; MW, molecular weight. 


excretion of water-soluble hydrophilic products in the urine; alter- 
natively, drugs can be transported across the apical membrane 
domain of hepatocytes into bile canaliculi (secretion into the 
bile), with eventual excretion in the feces. Subsequent metabo- 
lism of drug conjugates can be complex, with some undergoing 
metabolism in the intestines and further metabolism in the liver 
in a process dependent on enterohepatic circulation. Others are 
metabolized in other organs; for instance, GSH conjugates are 
metabolized by hydrolysis and acetylation to mercapturic acids, 
which are the primary excreted product. 

Drug-induced liver injury (DILI) is among the major toxic 
effects of drugs. It is one of the principal reasons for abandonment 
of the development of possible new drugs, for the failure of new 
drugs to achieve approval by the U.S. Food and Drug Administra- 
tion (FDA), and for the withdrawal of new drugs from the market 
after initial approval. Adverse drug reactions (ADRs) that are 
detected in preclinical studies in cells or experimental animals 
usually lead to abandonment of drugs as candidates for further 
development, unless there is a unique and highly important desir- 
able effect of such compounds. Those new drugs that survive this 
initial level of scrutiny then proceed through phases 1 to 3 of 
clinical development and testing. In these phases, only a limited 
number of highly selected participants, typically between 2000 
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and 10,000, receive the medication. As a result, clinically signifi- 
cant but relatively rare ADRs are usually not detected until after 
drugs have been approved and are in use by a larger number of 
people. These ADRs are often associated with other underlying 
problems or conditions, which may increase the risk of develop- 
ment of ADRs. Thus continued monitoring of new drugs during 
phase 4 (postapproval surveillance) is now recognized by the 
FDA and by the pharmaceutical industry to be of paramount 
importance. 

As described previously, idiosyncratic DILI is a rare event, 
occurring in only a small percentage of people who take drugs. 
The reasons for this are not fully understood. However, from a 
combination of experimental results in cell models and whole- 
animal models and careful clinical observations, and by analogy 
to numerous other disorders, DILIs are caused and modulated by 
an interplay of at least the following three factors: (1) the drug, 
(2) the host (i.e., the person ingesting the drug), and (3) the 
environment of the host. This interaction is depicted in Fig. 56-2. 

It is difficult to establish a diagnosis of DILI. This is because 
there are numerous other potential causes of liver injury, and 
because there is no single pathognomonic test to establish that a 
given drug in a given individual is the cause of liver injury. Fur- 
thermore, the clinical and laboratory manifestations of DILI differ 
markedly, from asymptomatic laboratory abnormalities, which 
may resolve even though use of the drug is continued (so-called 
adaptation), to severe, life-threatening acute liver failure (ALF) or 
subacute liver failure. Chronic liver disease and cirrhosis may also 
be caused by drugs; thus, virtually all forms of liver injury and 
disease may be caused by drugs. Because of these factors, a diag- 
nosis of DILI is frequently delayed or may be missed entirely. 
Similar considerations also apply to botanicals, herbal products, 
and dietary supplements (BHDS), which are not regulated with 
the same rigorous standards as prescription medications. 

Readers interested in this topic are alerted to a clinical prac- 
tice guideline on the diagnosis and management of idiosyncratic 
DILI published by the American College of Gastroenterology. 
Since the last edition of this book, a remarkable free online 
resource has been created by the National Institute of Diabetes 
and Digestive and Kidney Diseases and the National Library of 
Medicine that provides up-to-date, comprehensive information 


about DILI caused by prescription and nonprescription drugs, 
herbal products, and dietary supplements (http://livertox.nih.gov/ 
index.html). 


Epidemiology, Common Causes, 
and Clinical Risk Factors 


The epidemiology of DILI is not well understood because of vari- 
ability in its definition, variable clinical presentation, difficulty 
in diagnosing it, and underreporting.” Nonetheless, in the last 2 
decades we have learned the following about its epidemiology: 
(1) DILI, both intrinsic and idiosyncratic forms combined, is the 
most common cause of ALF in the developed world“; (2) DILI 
is a rare cause of new-onset jaundice in the general population’; 
(3) DILI is a very infrequent indication for hospitalization®’; 
and (4) two population-based prospective studies estimated the 
incidence of DILI as between 14 and 19 per 100,000 inhabitants 
per year.*? 

A retrospective study of the General Practice Research Data- 
base from the United Kingdom reported an annual incidence of 
2.4 DILI cases per 100,000 persons per year for nonfatal DILI.'° 
This analysis consisted of 1,636,792 individuals who were regis- 
tered in the General Practice Research Database from 1994 to 
1999 and subsequently followed up for a total of 5,404,705 
person-years. Of these, 128 patients were deemed to have devel- 
oped valid DILI. In a seminal population-based, prospective study 
of more than 81,000 individuals in France between 1997 and 
2000, Sgro et al. identified 34 patients as having DILI, resulting 
in an annual crude incidence rate of 13.9 + 2.4 cases per 100,000 
inhabitants. They estimated that the number of hepatic ADRs in 
the French population would be 16 times greater than the number 
identified by spontaneous reporting to French regulatory authori- 
ties. The main drugs implicated were antiinfectious, psychotropic, 
lipid-lowering agents and nonsteroidal antiinflammatory drugs 
(NSAIDs). More recently, Björnsson et al.” conducted a prospec- 
tive study of idiosyncratic DILI in Iceland between 2010 and 
2011. They identified 96 individuals with well-characterized 
DILI, yielding a crude incidence rate of 19.1 (95% confidence 
interval [CI] 15.4-23.3) per 100,000 inhabitants. The most com- 
monly implicated agents were amoxicillin-clavulanate (22%), 
diclofenac (6%), azathioprine (4%), infliximab (4%), and nitro- 
furantoin (4%). This study characterized the compound-specific 
annual incidence rates for the following medications: amoxicillin- 
clavulanate (43 per 100,000; 95% CI, 24-70), diclofenac (11 per 
100,000; 95% CI, 4-24), azathioprine (752 per 100,000; 95% 
CI, 205-1914), infliximab (675 per 100,000; 95% CI, 184-718), 
and nitrofurantoin (73 per 100,000; 95% CI, 20-187). Goldberg 
et al.'' reported the population-representative incidence of ALF 
due to DILI from more than 5 million members of the Kaiser 
Permanente, an integrative healthcare system localized to north- 
ern California. The incidence rate of any drug-induced ALF was 
1.61 events per 1,000,000 person-years (95% CI, 1.06-2.35), and 
the incidence rate for acetaminophen-induced ALF was 1.02 
events per 1,000,000 person-years (95% CI, 0.59-1.63). 

In Western countries, antimicrobials, cardiovascular agents, 
central nervous system agents, antineoplastic agents, and analge- 
sics are the leading therapeutic classes of prescription agents to 
cause idiosyncratic DILI. In a recent report from the U.S. Drug- 
Induced Liver Injury Network (DILIN) consisting of 899 well- 
characterized instances of DILI,” antimicrobials were the most 
common therapeutic class (45%) and cardiovascular agents (10%), 
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all Agents That Cause Drug-Induced Liver Injury 
in the Drug-Induced Liver Injury Network 
Prospective Study 


1 Antimicrobials 408 1 Amoxicillin- 91 
clavulanate 

2 Herbal and dietary 145 2 Isoniazid 48 
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3 Cardiovascular 88 83 Nitrofurantoin 42 
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system agents trimethoprim 

5 Antineoplastic 49 5 Minocycline 28 
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6 Analgesics S o e Cefazolin 20 

if Immunomodulatory P Azithromycin 18 

8 Endocrine 20 «8 Ciprofloxacin 16 

9 Rheumatologic i © Levofloxacin 18) 

10 Gastrointestinal 12 10) Diclofenac 12 


Reproduced with permission from Chalasani N, Bonkovsky HL, Fontana R, et al. Features 
and outcomes of 899 patients with drug-induced liver injury: the DILIN Prospective Study. 
Gastroenterology 2015;148:1340-1352.e7. 


central nervous system agents (9%), antineoplastic agents (5%), 
and analgesics (3%) were other prominent therapeutic classes to 
cause DILI (Table 56-1). This study also reported the 10 individual 
agents that most frequently cause DILI in the United States—9 
of the top 10 were antimicrobials (amoxicillin-clavulanate, iso- 
niazid, nitrofurantoin, sulfamethoxazole/trimethoprim, minocy- 
cline, cefazolin, azithromycin, ciprofloxacin, and levofloxacin) 
and diclofenac was the other top 10 individual agent (see Table 
56-1). These data are generally consistent with results from the 
Spanish registry that showed antiinfectives (32%) to be the leading 
cause of DILI in Spain, followed by central nervous system drugs 
(17%), musculoskeletal drugs (17%), and gastrointestinal drugs 
(10%). In Asian countries there is predominance of herbal, 
complementary, and alternative medicines to cause DILI. In a 
recent summative review of DILI in China, nearly 20% of all 
DILI cases were attributed to complementary and alternative 
medicines.“ Similarly, a prospective nationwide study of DILI in 
Korea observed that herbal medicines are the principal cause of 
DILI, accounting for up to 27.5% of all DILI cases." 

DILI likely results from complex interaction among genetic 
host susceptibility, nongenetic host susceptibility, and environ- 
mental factors. Although there are many examples of clinical risk 
factors predisposing to DILI, they are generally limited to a spe- 
cific agent rather than applying across all therapeutic classes.'° 
Clinical risk factors can be broadly categorized into host factors 
such as age, sex, obesity, and malnutrition and compound-specific 
factors such as daily dose, metabolism profile, and drug-drug 
interactions.” 


Causality Assessment 


A continuing challenge in the study of adverse effects of drugs 
and chemicals on the liver (and other organs) is that of causality 
assessment, the process whereby the likelihood of the diagnosis of 
DILI is determined. This process of deduction involves analysis 
of the relevant data and should include an assessment of the 
temporal relationship, clinical features, laboratory data, histologic 
data (if available), and current knowledge of the drug in question. 
From astatistical standpoint the most scientifically sound approach 
is to use Bayes’ theorem. With use of this technique, an attempt 
is made to estimate the overall probability of a particular adverse 
event occurring in a particular individual in a particular situation 
(posterior probability), given the probability of this event occur- 
ring in a group of individuals similarly exposed (prior probabil- 
ity). Individual and situational details considered include the 
individual’s clinical history, temporal relationships, histologic 
pattern of injury, and resolution with discontinuation of use the 
agent, as well as whether rechallenge with the agent resulted in 
recurrence of the adverse event. These details are used to develop 
a likelihood ratio; the product of this ratio and the prior probabil- 
ity is a measure of the posterior probability. The major problems 
that limit the application of Bayes’ theorem in practice are that it 
is time-consuming and data needed to compute the likelihood 
ratio (e.g., background incidence) are often unavailable. 

Although several scoring systems and tools for assessing 
whether drugs are the cause of liver injury have been devel- 
oped,” they are not widely used in practice because they are 
time-consuming and because key information is often lacking. 
Probably, the best known and most widely used of these is the 
Roussel Uclaf causality assessment method.””*' However, numer- 
ous ambiguities and problems with application of this method 
have been found, and its reproducibility, even among experts in 
DILI, has been poor.” Thus there is need for a more robust 
evidence-based instrument. Until this is developed, the Delphic 
approach, using a structured process, appears to produce higher 
agreement rates and likelihood scores. 

A major problem is that data needed to assess causality, espe- 
cially to exclude other possible causes of DILI, are often missing. 
Elements that should be included in reports of DILI have been 
proposed recently.” Often missing are records of the presence 
of underlying diseases; history of alcohol, herbal, or other drug 
use; tests to exclude viral hepatitis (especially hepatitis A virus, 
hepatitis B virus, and hepatitis C virus; cytomegalovirus; Epstein- 
Barr virus; herpes simplex virus); tests to exclude autoimmune 
hepatitis (antinuclear antibody, anti-smooth muscle antibody); 
and abdominal imaging studies to exclude biliary tract disease. On 
the basis of the degree of certainty of a causal interaction between 
drug intake and hepatic injury, different terms are used to describe 
the strength of the relationship. Definite is usually supported by a 
signature clinical pattern, a strong temporal correlation, including 
a positive rechallenge, and exclusion of all other potential causes. 
Weaker relationships are termed very likely, probable, possible, and 
unlikely in descending order of strength; these terms are used 
when the relevant evidence is judged to be less compelling.” 

One problematic issue is whether the individual in question 
has DILI or autoimmune hepatitis, because the former may 
trigger the latter and because individuals with autoimmune or 
allergic diatheses are probably more prone to develop DILI of the 
immunoallergic type. In all cases of suspected cholestatic DILI, it 
is important to exclude biliary tract disease and/or biliary 
obstruction. 
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Mechanisms of Hepatic Injury 
Due to Drugs and Chemicals 


Apoptosis and Necrosis 


Necrosis and apoptosis are terms used to describe patterns of mor- 
phologic changes associated with cell death. Both necrosis and 
apoptosis include a spectrum of biochemical processes, can occur 
concomitantly, and often vary in appearance, depending on the 
unique properties of the toxic agent, the time course and dose 
dependence of exposure, and the interactions with other host and 
environmental factors (see Fig. 56-2). The most common recog- 
nized morphologic form of cell death in the liver is necrosis, which 
is characterized by cellular and organellar swelling and membranal 
lysis with release of cytoplasmic contents. After the occurrence of 
such changes, the outlines of cells are often indistinct and cells 
have an amorphous or coarsely granular appearance. 

Detailed morphologic studies of pathologic and normal tissues 
revealed a second, distinct morphologic type of cell death, origi- 
nally termed shrinkage necrosis” and now termed apoptosis.” These 
distinct morphologic types are now recognized to represent two 
general cellular phenomena that can occur concomitantly. In 
apoptosis, typical changes include cell shrinkage, organellar com- 
paction, nuclear condensation, fragmentation of cells into smaller 
apoptotic bodies, and the appearance of phagocytosis signals on 
the cell surface.” Apoptotic cells are rapidly removed by phago- 
cytosis. Necrosis generally represents a loss of osmotic regulation 
and cell lysis, whereas apoptosis represents activation of an 
enzyme-mediated autolytic cell disposal system. Both are often 
linked to bioenergetic changes, mitochondrial failure, and oxida- 
tive stress. Thus consideration of the distinctions between necrosis 
and apoptosis is important not only for pathologic evaluation of 
hepatotoxicity but also for investigation of the underlying mecha- 
nisms of cell injury. 

Although apoptosis is defined morphologically, it is generally 
used to refer specifically to a series of cellular changes that result 
from the activation of a family of highly conserved enzymes 
termed caspases. These enzymes are proteases that cleave specific 
target amino acid sequences, resulting in characteristic morpho- 
logic changes and leading to cell elimination by phagocytosis.” 
Activation occurs through plasma membrane—associated death 
receptor activation of caspase 8,°' through mitochondria-mediated 
activation of caspase 9,” and through endoplasmic reticulum- 
mediated activation of caspase 12.” These activation mechanisms 
normally function in homeostatic control of the liver and are a 
mechanism to eliminate damaged cells and allow their replace- 
ment by mitosis. Chemicals that alter the expression and function 
of the death receptor components, disrupt mitochondrial func- 
tion, or disturb the secretory pathway can therefore be expected 
to activate apoptosis (Fig. 56-3). In addition, disruption of the 
cell cycle and inhibition of proteasomes also activate apoptosis. 
Thus many agents previously believed to kill cells by disruption 
of homeostatic processes are now believed to do so by activation 
of apoptosis. Of critical importance is that an increase in apoptosis 
is often a more sensitive indicator of tissue injury than necrosis. 
However, because the liver is always undergoing renewal and this 
process involves apoptosis, definition of the lower limit of toxicity 
in terms of an increase in apoptosis can be difficult without 
detailed examination of a large number of cells. 

An extension of this concept to higher doses and increased 
activation of apoptosis reveals that a true distinction between 
necrosis and apoptosis as causative mechanisms in liver toxicity 
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may not be possible. If apoptosis occurs at a rate that exceeds the 
capacity of phagocytic cells (itself variable) to remove apoptotic 
cells, large fields of contiguous cells will swell and lyse, producing 
characteristics of necrosis. On the other hand, if the toxic insult 
causes rapid loss of ionic homeostasis, cells may rapidly swell and 
lyse (i.e., undergo necrosis), even though the apoptotic cascade 
has been activated. 

Many toxicants show a dose-dependent switch between apop- 
tosis and necrosis attributable to differential effects on mitochon- 
drial function and energy metabolism. Disruption of only a 
fraction of mitochondria can result in sufficient cytochrome c 
release to activate the caspase 9/caspase 3 pathway without dis- 
rupting cellular energetics. Under these conditions cells maintain 
osmotic regulation and undergo apoptosis. However, with greater 
disruption of mitochondria, cellular energetics are impaired, 
osmotic regulation is lost, and cells undergo swelling and lysis. 
Because of this the mechanisms involved in activation of caspases 
and/or loss of osmotic regulation are key to understanding 
chemical-induced liver disease. 

Mitochondria are a common target of toxicity in the liver and 
play a central role in both apoptosis and necrosis. A recent model 
integrates major features of energy metabolism, oxidative stress, 
and apoptosis through central regulatory functions of complex III 
and aconitase. In oxidative phosphorylation, essentially all elec- 
trons flow from coenzyme Q to cytochrome c through complex 
HI to drive the production of adenosine triphosphate (ATP). 
The electron flow through this complex is partitioned between 
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reduction of cytochrome c and one-electron reduction of O, to 
produce the reactive oxygen species superoxide ion. The superox- 
ide ion provides an oxidant source for the regulation of aconitase, 
a key enzyme in the citric acid cycle; for oxidation of cardiolipin, 
a key step in the release of cytochrome c and activation of the 
caspase 9/caspase 3 cascade; and for opening of the mitochondrial 
membrane permeability transition (MMPT) pore, a generalized 
trigger for both cytochrome c release and loss of ATP production. 
This complex can therefore serve as a sensor for energetic and 
redox homeostasis, integrating ATP supply requirements, the effi- 
cacy of GSH and other antioxidant systems, calcium homeostasis, 
and nutritional supply of oxidizable substrates. Consequently, 
physiologic variations such as food supply and hepatic O, supply 
(e.g., hypoxia) can function as important modulators of the bio- 
chemical mechanisms and morphology associated with specific 
toxicant exposures. 

During the past decade, rapidly developing knowledge of the 
mechanisms of apoptosis has dramatically changed the perception 
of how chemicals induce hepatic injury. In the past, injury was 
considered to be due to failure of critical cell machinery, especially 
that controlling Ca** homeostasis. Now, however, attention has 
shifted to mechanisms of apoptosis, which is executed by the 
caspase proteolytic cascade that is activated by specific signaling 
involving death receptors or disruption of mitochondria, endo- 
plasmic reticulum, or nuclei, for example. The central features of 
chemical-induced liver injury remain the same; however, death is 
now viewed as occurring through targeted cleavage of specific 
proteins rather than generalized failure. Bioactivation of organic 
compounds to reactive electrophiles occurs prominently in the 
liver because of the presence of high concentrations of enzyme 
systems designed to aid in the elimination of foreign compounds 
(see Fig. 56-1). Electrophilic agents covalently modify macromol- 
ecules, disrupting normal functions, including protein-protein 
interactions and protein degradation by proteasomes. Oxidants 
alter the expression of death receptor machinery, enhancing death 
receptor—mediated apoptosis, and target the MMPT pore, trig- 
gering mitochondria-mediated apoptosis. Protection against reac- 
tive electrophiles and oxidants occurs through systems that depend 
on GSH, and maintenance of GSH is a key mechanism for pro- 
tection against chemical-induced liver injury. As mass spectrom- 
etry and proteomic techniques become widely used in toxicology 
research, the possibility of applying systems biology approaches 
to define toxicity improves. By incorporating a broad spectrum of 
potential targets into the toxicologic models, this approach will 
likely yield a more nearly complete and accurate understanding 
of the mechanisms of hepatotoxicity. 


Bioactivation of Xenobiotic Agents 


Many compounds are not toxic to the liver in the parent form 
but are bioactivated to reactive species. One of the more common 
mechanisms of bioactivation involves conversion to compounds 
with electron-seeking properties (i.e., electrophiles). In most cases 
these electrophiles are the result of phase I metabolism by CYP- 
dependent reactions. Epoxides are an important class of toxic 
electrophiles. For example, bromobenzene and aflatoxin B, are 
metabolized by hepatic mixed-function oxidases to the epoxide 
intermediates bromobenzene 3,4-oxide™”” and aflatoxin B, 8,9- 
oxide,” respectively. Other electrophilic species include alkyl and 
aryl halides, carbonium and diazonium ion intermediates, alde- 
hydes, esters, o,B-unsaturated carbon compounds, and com- 
pounds containing double-bonded nitrogen (e.g., isothiocyanates, 


isocyanates, quinazolines).*’ Phase II metabolism also may result 
ultimately in toxic electrophiles, exemplified by toxic GSH 
S-conjugates, glucuronides, and sulfates**””; and these metabolites 
may be toxic to the liver and to other organs. 

Reactive electrophiles generated during bioactivation react 
with specific macromolecules or sites to cause toxicity.” For 
instance, earlier research showed that calcium transport systems 
in the plasma membrane“! and endoplasmic reticulum*”’ contain 
reactive cysteine thiol groups that are critical for function. More 
recent studies have shown that molecular chaperones, proteolytic 
systems, and transcription factors are susceptible to redox 
modifications.“*“° DNA may be a target of electrophiles, in which 
case the lesion may cause acute hepatocellular death or lead to 
carcinogenicity. The epoxide of aflatoxin B; formed during hepatic 
biotransformation binds guanine residues in DNA at the N-7 
position, which may ultimately result in hepatocarcinogenesis.°°“” 
Covalent modification of proteins may result in the formation of 
a neoantigen against which an immune response is mounted, 
giving rise to immunoallergic DILI. Metabolites of halothane, 
phenytoin, and numerous other drugs may cause liver injury by 
this type of idiosyncratic mechanism.**”” 


Role of Glutathione in Chemical Detoxification 
of Reactive Electrophiles 


GSH is a major low-molecular-weight thiol compound that con- 
stitutes more than 90% of the acid-soluble thiol pool in hepato- 
cytes and accounts for approximately 30% of the total thiol 
groups in the liver.” GSH serves many important functions, 
including detoxifying peroxides and electrophiles (see the section 
entitled “Oxidative Stress and Free-Radical Reactions in Hepato- 
toxicity”), maintaining protein thiols in a reduced state, serving 
as a nontoxic storage form of cysteine, and participating in the 
synthesis of leukotrienes and prostaglandins, as well as the reduc- 
tion of ribonucleotides to deoxyribonucleotides.” The liver is very 
active in synthesis of GSH, not only for detoxification functions 
but also to provide a reservoir of cysteine through an interorgan 
transport mechanism.” Sulfur amino acid homeostasis also 
depends on the presence of the cystathionine pathway in the liver, 
which provides the major site for conversion of methionine to 
cysteine.” Cirrhotic changes in the liver therefore not only affect 
the sensitivity of the liver to toxicity but also affect the sensitivity 
of other organ systems to toxicity attributable to impaired cysteine 
supply and GSH regulation. 

Of great relevance to chemical toxicity is that GSH is a key 
compound involved in the detoxification of electrophiles. The 
thiol group of GSH is a nucleophilic center that undergoes 
S-conjugation with electrophiles; in most cases this leads to detox- 
ification. Many electrophiles form GSH S-conjugates nonenzy- 
matically to some extent, which is a function of charge localization 
of both the electrophile and the nucleophile.” Hepatocytes and 
other cells do not rely on nonenzymatic conjugation of electro- 
philes; instead, they glutathione S-transferases that catalyze 
S-conjugation of GSH to electrophiles. Four major classes of 
cytosolic glutathione S-transferase (i.e., ©, 4, T, 5) and one micro- 
somal enzyme have been characterized in mammalian tissues.” 
The cytosolic glutathione S-transferases have been studied in the 
greatest detail and have been shown to be enzymes encoded by a 
multigene family. Each cytosolic glutathione S-transferase is a 
dimer, a discrete gene codes for each subunit, only subunits of the 
same class form dimers, and dimers may contain identical sub- 
units (homodimers) or different subunits (heterodimers). The 
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cytosolic enzymes are expressed to various extents in different 
tissues and are important in detoxification of several groups of 
xenobiotics, including polycyclic aromatic hydrocarbons, aflatox- 
ins, aromatic amines, and alkylating agents.” The liver is most 
active in GSH-dependent detoxification of electrophiles, and 
human liver is particularly rich in glutathione S-transferases of the 
class; in other species, such as the rat, the u class of glutathione 
S-transferases is also abundant in the liver. 

The generation of large quantities of electrophiles in the liver 
ultimately depletes cellular GSH pools, resulting in enhanced 
covalent binding to critical macromolecules and cell death. 
Because GSH and the glutathione S-transferases play such an 
integral role in detoxification of electrophilic species in the liver, 
physiologic or pathophysiologic conditions that either decrease or 
elevate levels or activities in the liver would be expected to affect 
chemical detoxification in the anticipated direction. Experimen- 
tally, this has been demonstrated for a variety of electrophiles. For 
example, depletion of hepatocellular GSH exacerbates hepatotox- 
icity associated with electrophiles, including metabolites of acet- 
aminophen” and bromobenzene.” Fasting for 1 day or 2 days 
decreases hepatic GSH content by 30% to 50%” and enhances 
liver injury caused by many electrophilic agents. Diurnal variation 
in hepatic GSH stores of approximately 25% to 30%”* may influ- 
ence hepatotoxicity as a result of the availability of GSH for 
detoxification. Diurnal variation in plasma GSH levels also occurs, 
but a larger variation is observed in plasma cysteine levels,” and 
acetaminophen at therapeutic levels alters plasma cysteine level 
without affecting plasma GSH level.” Cysteine prodrugs 
(N-acetylcysteine or oxothiazolidine-4-carboxylate) and GSH 
esters’' can increase hepatic GSH levels and protect against the 
hepatotoxicity caused by acetaminophen overdose.” 

Similarly to the CYPs, the glutathione S-transferases have 
relatively broad and overlapping substrate specificities and their 
activities may be increased following exposure to certain drugs, 
environmental chemicals, and dietary components. This occurs 
chiefly through a well-characterized transcription enhancer system, 
consisting of an antioxidant response element—binding sequence 
in the DNA and the nuclear factor (erythroid-derived 2)—like 2 
(Nrf-2) and Maf transcription factor system.“ Nrf-2 is normally 
present as an inactive complex with kelch-like ECH-associated 
protein 1 (Keap-1), bound to cytoskeletal components in the 
cytoplasm. Keap-1 has several cysteine thiols that are sensitive to 
oxidation and alkylation. Modification of these thiols results in 
the release of Nrf-2, which translocates to the nucleus, interacts 
with small Maf proteins and binds to the antioxidant response 
element, and activates transcription of a broad range of phase II 
detoxification systems (Fig. 56-4). Dietary inducers contained in 
cruciferous vegetables induce glutathione S-transferases and other 
protective phase II enzymes without having a significant effect on 
the CYPs.°”°* These results suggest that increased intake of foods 
containing these agents may provide a simple and effective means 
to prevent toxicity, as well as cancer caused by toxicants. 

A prototypic example of bioactivation and covalent binding 
in hepatotoxicity is provided by the analgesic acetaminophen 
(N-acetyl-p-aminophenol; paracetamol). In overdose, acetamino- 
phen results in severe hepatocellular necrosis in zone 3 of the 
hepatic acini (centrilobular necrosis) (Fig. 56-5). Bioactivation 
to the electrophilic intermediate \-acetyl-p-benzoquinoneimine 
(NAPQI) occurs via hepatic CYP” (see Fig. 56-4). In humans, 
CYP2E1 and CYP1A2 account for the largest fraction of this 
conversion.” At low rates of production, NAPQI is detoxified by 
S-conjugation with GSH; however, at higher rates of NAPQI 
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production, hepatocellular GSH pools are depleted and extensive 
covalent binding to cellular macromolecules occurs.” Ultra- 
structural and functional studies have shown that mitochondria 
are an early target in the hepatocellular necrosis caused by 
acetaminophen’*”’; however, acetaminophen metabolites also 
form adducts with hepatic proteins in the cytosol, microsomes, 
nuclei, and plasma membranes.“ Arylation of specific proteins 
has been reported” *°; however, large numbers of adducted pro- 
teins have also been detected by mass spectroscopy, and other 
mechanisms of toxicity have also been suggested." 


Oxidative Stress and Free-Radical 
Reactions in Hepatotoxicity 


Oxidative stress is an imbalance between oxidants and antioxi- 
dants in favor of the oxidants, leading to a disruption of redox 
signaling and control and/or molecular damage.** Although it was 
earlier viewed as a global balance, it is now becoming clear that 
toxicants can disrupt redox signaling and control without neces- 
sarily altering major systems that control overall redox balance, 
indicating a specificity in mechanisms.” The key mechanisms 
involve reactive oxygen species, reactive nitrogen species, and a 


range of free radicals generated by bioactivation of xenobiotics. 
All of the classes of cellular macromolecules can be the target of 
oxidant-induced liver injury. As discussed previously for covalent 
modification, proteins are most often considered the critical targets 
in acute necrosis, but oxidants also are genotoxic. Nonradical oxi- 
dants, such as hydrogen peroxide and lipid hydroperoxides, are 
quantitatively most important under most conditions”; however, 
free radicals can also be important in medicating hepatotoxicity. 

Free radicals can be generated in the liver in several ways. CYPs 
generate radicals from xenobiotics by three different mechanisms: 
one-electron oxidation to form a cation radical (R > R* + e); 
one-electron reduction to yield an anion radical (R + € — R"); 
or homolytic bond scission to yield a neutral radical (R-R > R’ 
+ R’).° Hepatotoxicants of occupational/environmental (e.g., 
CCl.) and clinical (e.g., halothane) importance are bioactivated 
in the liver to free-radical species. CCl, toxicity provides a useful 
model and CCl, is representative of a large number of halogenated 
hydrocarbons that can be similarly activated. 

CCl, is a prototypical hepatotoxin that causes centrilobular 
necrosis and associated fatty liver. Caspase 3 is activated and 
released into the plasma with a time course suggesting initial 
activation of apoptosis followed by secondary necrosis.” A primary 
event in the pathogenesis is the reductive dehalogenation of CCl, 
to the trichloromethyl free radical ((CCl,) by hepatic mixed- 
function oxidases (Fig. 56-6). The free radical “CCl, can initiate 
lipid peroxidation, and in the presence of oxygen it forms the 
more reactive trichloromethylperoxy free radical (CCl;00’), 
which also decomposes to phosgene (CCI1,O). The lipid peroxida- 
tion in the liver associated with CCl, has been viewed as a critical 
event because it occurs early and is associated with reductions of 
enzyme activities and inactivation of the Ca’*-sequestering 
capacity of endoplasmic reticulum.” Elevation of cellular Ca” 
concentration establishes conditions for activation of the MMPT, 
with associated cytochrome c release and caspase activation (see 


Fig. 56-3). 
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In addition to free radicals of the parent compound, other 
reactive oxygen and reactive nitrogen species are often involved in 
hepatotoxicity. Reactive oxygen species such as the hydroxyl 
radical (OH) are generated during redox cycling of several xeno- 
biotics, following activation of the respiratory burst in host phago- 
cytic cells, and during exposure to ionizing radiation. Reactive 
nitrogen species can also be involved in these toxic processes 
because of the formation of the free-radical nitric oxide (NO’), 
an important signaling agent that reacts with superoxide anion 
(O,") to generate peroxynitrite.” 

Redox cycling is a pathway whereby a compound undergoes a 
series of cyclic one-electron reductions and oxidations with con- 
comitant generation of toxic oxygen species. A variety of flavo- 
proteins catalyze one-electron reductions. In the presence of 
oxygen the reduced product can spontaneously oxidize back to 
the parent compounds, and this oxidation is coupled to the reduc- 
tion of molecular oxygen to the superoxide radical ion O,” (Fig. 
56-7). Many redox cycling agents, such as catechins, are toxic to 
hepatocytes in vitro but usually are also toxic to other organ 
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systems when they are administered in vivo. Examples are the lung 
injury associated with paraquat” and the cardiotoxicity caused by 
doxorubicin.” This probably reflects a relative resistance of liver 
parenchyma, attributable to the large capacity of the liver to 
detoxify reactive oxygen species. 

Menadione (2-methyl-1,4-naphthoquinone; vitamin K3) is a 
therapeutic quinone compound that can cause liver injury attrib- 
utable to redox cycling. Menadione undergoes one-electron 
reduction to the semiquinone free radical, which is catalyzed by 
many flavoenzymes, including NADPH:cytochrome P450 reduc- 
tase.” In hepatocytes and other cells, it can also undergo a two- 
electron reduction to the hydroquinone in a reaction catalyzed by 
NADPH:quinone reductase, a cytosolic enzyme also known as 
DT-diaphorase (see Fig. 56-7). This two-electron reduction pro- 
vides a detoxification reaction because the hydroquinone can be 
conjugated by sulfotransferases or uridine diphosphoglucuronos- 
yltransferases. DT-diaphorase-knockout mice are more sensitive 
to the hepatotoxicity of menadione.” 

‘The oxidative stress caused by redox cycling of menadione leads 
to irreversible cell injury via a complex interplay between oxida- 
tion of soluble thiols (e.g., GSH) and that of protein thiols, 
causing a sustained rise in Ca? concentration that is critical to 
the activation of mitochondria-mediated apoptosis. Oxidation of 
critical protein thiols decreases microsomal Ca**-sequestering 
capacity“*® and plasma membrane extrusion of Ca” from cells.”’ 
Oxidation of soluble thiols precedes this and is a contributing 
factor in inhibition of the microsomal Ca?™ pump because GSH 
keeps the protein thiols in a reduced and functional form. In the 
presence of elevated Ca” concentration, mitochondria load Ca”, 
and this loading sets conditions appropriate for activation of the 
MMPT.' 

The GSH system is complemented by thioredoxin-dependent 
antioxidant proteins termed peroxiredoxins.'°' Thioredoxin 1 is 
present in the nucleus and cytoplasm and serves to support per- 
oxide elimination by peroxiredoxins 1 and 2. Thioredoxin 2 is 
present in the mitochondria and supports peroxide metabolism 
by peroxiredoxins 3 and 5. These systems are very active, and some 
estimates indicate that most peroxide may be eliminated by per- 
oxiredoxins rather than by glutathione peroxidases.” Thioredox- 
ins also bind to apoptosis-regulating kinase 1, inhibiting activity. 
When thioredoxin becomes oxidized, apoptosis-regulating kinase 
1 is released and signals apoptosis.'”’ In this way, toxicants that 
cause oxidation of either mitochondrial or cytoplasmic thiore- 
doxin can activate cell death without causing macromolecular 
damage. 

The MMPT occurs in response to the opening of a high- 
conductance channel in the mitochondrial inner membrane. '® 
Ordinarily, the inner membrane is highly impermeable to solutes. 
However, in the presence of matrix Ca”, certain agents trigger 
the opening of the high-conductance MMPT pore. The prevailing 
interpretation is that the pore is a protein complex containing 
adenine nucleotide translocase (inner membrane), a voltage- 
dependent anion channel (outer membrane), cyclophilin D (asso- 
ciated with adenine nucleotide translocase), and peripheral 
benzodiazepine receptor (associated with the voltage-dependent 
anion channel). Sensitivity to oxidants and thiol reagents, espe- 
cially arsenicals, indicates that the pore contains thiols, probably 
vicinal thiols, which control opening. Thus, in the presence of 
elevated Ca” levels, oxidants trigger opening of the MMPT pore, 
with resulting swelling and release of cytochrome c'™ and other 
proapoptotic components.**'”*'°° Cytochrome c binds to apop- 
totic peptidase-activating factor 1, an assembly protein that allows 


the recruitment and activation successively of procaspase 9 and 
procaspase 3 (see Fig. 56-3). 

Lipid peroxidation can occur as a consequence of activation of 
any of the aforementioned free-radical processes. Lipid peroxida- 
tion decreases membrane fluidity and is associated with inactiva- 
tion of membrane-bound receptors and enzymes, increased 
permeability of membranes, and generation of toxic degradation 
products of lipid peroxidation.” GSH plays a central role in 
protection against lipid peroxidation through enzyme-catalyzed 
reactions and through nonenzymatic reduction of other antioxi- 
dants (vitamins C and E). GSH is required for degradation of 
lipid hydroperoxides and other hydroperoxides in reactions cata- 
lyzed by the selenium-dependent glutathione peroxidase. For this 
reduction, the fatty acid hydroperoxides must be released first 
from the bulk lipid by the action of phospholipase A).'°*'” 
However, a separate selenium-dependent glutathione peroxidase 
that directly detoxifies phospholipid hydroperoxides without a 
requirement for phospholipase A, has been characterized.''°''' A 
selenium-independent glutathione peroxidase, which has been 
ascribed to glutathione S-transferases of the © class,''* also detoxi- 
fies lipid hydroperoxides; like the selenium-dependent glutathione 
peroxidase, it requires release of the fatty acid peroxide from the 
membrane. The selenium-independent form is also active in 
detoxification of cumene hydroperoxide and nucleic acid hydro- 
peroxides.''’ GSH also detoxifies toxic degradation products of 
lipid hydroperoxides, most notably the 4-hydroxyalkenals (e.g., 
4-hydroxynonenal) via S-conjugation. 4-Hydroxynonenal is an 
extremely toxic product of lipid peroxidation, with submicromo- 
lar concentrations causing genotoxic lesions to cultured rat hepa- 
tocytes.''* Its conjugation with GSH is catalyzed by a specific 
form of glutathione S-transferase,''”''° suggesting that this reac- 
tion may be fundamentally important in the prevention of free 
radical—-mediated liver injury. 


Immunologic Mechanisms of 
Drug-Induced Liver Injury 


The liver is a privileged organ, with 25% of the nonparenchymal 
cells populated by immune cells. Forty-five percent of nonparen- 
chymal cells are constituted of Kupffer cells and lymphocytes, 
including unconventional lymphocytes such as natural killer cells 
and natural killer T cells. ">" CD8 cells outnumber CD4 cells 
by a ratio of 3.5: 1. By contrast, the ratio of CD8 T cells to CD4 
T cells in circulating blood and lymph nodes is 1:1.8.''? The 
default state of the liver is that of tolerance due in large part to 
the exposure from birth to large quantities of xenobiotics and 
microbiota products from the gastrointestinal tract.''*'”° This is 
also facilitated by a generous reserve of scavenger molecules such 
as GSH and antioxidants that detoxify reactive metabolites that 
precludes formation of antigenic determinants.’ Tolerance is 
further facilitated by the scavenging function of liver sinusoidal 
endothelial cells, Kupffer cells, and dendritic cells and by the 
apoptosis and suppression of activated CD8* T cells within 
the liver. 

Although a large number of drugs and their products have no 
effect on the liver or may lead to spontaneous resolution, failure 
of tolerance or adaptation to drugs leads to clinically significant 
liver injury.'” The mechanism of failure of tolerance that leads to 
liver injury is complex; host genetic factors, immunologic and 
metabolic factors, and drug characteristics play important roles.'” 
Drug factors include hepatic metabolism and lipophilicity of the 


drug, with daily doses of more than 50 g to 100 g indicating a 
threshold needed for reactive metabolites eliciting an immune 
response, *!”° 

Laboratory evidence of adaptation or tolerance to drugs was 
until recently hampered by the lack of optimal mouse models. In 
the last few years there has been increased understanding of the 
process of adaptation from animal models. Methushi et al.,'*° 
working with amodiaquine in mice, first blocked programmed 
cell death 1 followed by cytotoxic T lymphocyte-associated 
protein 4 and CD8, lymphocytes, reproducing the phenomenon 
of adaptation, liver injury, and abrogation of liver injury. Chak- 
roborty et al.,'” using halothane in mice, produced liver injury 
by depleting myeloid-derived suppressor cells followed by anti- 
CD4 and anti-CD8 antibodies, illustrating the role of antibody- 
dependent cytotoxicity.” 

Many of the drug-induced liver reactions are associated with 
immunoallergic manifestations. These include DILI from halo- 
thane, o-methyldopa, hydralazine, and antiepileptic agents. Some 
of these are associated with drug-specific antibodies, whereas 
others, such as O&-methyldopa, nitrofurantoin, and minocycline, 
have features of autoimmunity with the presence of antinuclear 
antibodies and excellent response to steroids.” Aromatic anti- 
epileptic drugs in particular recur with rechallenge, including 
from cross-sensitizing drugs. Extreme forms of hypersensitivity 
such as Stevens-Johnson syndrome or toxic epidermal necrosis 
and DILI associations carry a poor prognosis.’ In the last few 
years genetic factors associated with polymorphism in human 
leukocyte antigens (HLAs) have been linked to several cases of 
DILI from adaptive immune response.” HLA alleles are located 
in the major histocompatibility complex on chromosome 6. The 
association between specific HLA antigens and idiosyncratic 
DILI has been reported for a number of drugs, chief among 
them being flucloxacillin (HLA-B*570), amoxicillin-clavulanate 
(HLA-DRB1*1501), ximelagatran (HLA-DRB1*0701), lumi- 
racoxib (HLA-DRB*1501), nevirapine (HLA-DRB1*01), 
isoniazid (HLA-DQB1*0201), and antitubercular drugs (HLA- 
DQB1*0502).™ ">?! Although HLA-associated DILI is immune 
mediated, in most cases the clinical features do not include immu- 
noallergic features such as fever, rashes, lymphadenopathy, or 
eosinophilia. In many cases of metabolic idiosyncrasy, such as 
in isoniazid hepatotoxicity, liver-specific immunologic factors are 
thought to play a role.'*'*’ Furthermore, studies have described 
phenotype-specific HLA association from the same drug. For 
example, nevirapine-induced DILI phenotype is dependent on 
HLA-DRB1*0101, whereas HLA-B*3501 and HLA-Cw4 are asso- 
ciated with cutaneous hypersensitivity reaction.'** One of the 
strongest HLA associations is with abacavir-associated hypersen- 
sitivity reactions (HLA-B *5701), with a negative predictive value 
close to 100% and a positive predictive value of 55%." However, 
abacavir is rarely associated with liver injury. Another strong 
association is that of HLA-B*1502 with carbamazepine-induced 
Stevens-Johnson syndrome and toxic epidermal necrolysis.'*° 


Mechanisms: Haptens and p-i Concept 


Drugs are typically small molecules (<1000 Da) and therefore are 
incapable by themselves of inducing an immune response.” To 
induce an immune reaction the reactive metabolites must act as 
haptens and bind to proteins to form neoantigens that are pro- 
cessed by antigen-presenting cells and presented to T cells, stimu- 
lating T cells and inducing an immune reaction. Costimulatory 
signals or cytokines are often provided by damaged cells or 
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molecules released from stressed cells (danger hypothesis).'** This 
explains the increased frequency of immune-mediated injury 
notably in HIV infection. 

Another concept is the p-i concept (direct pharmacologic 
interaction of drugs with immune receptors), wherein drugs are 
able to stimulate memory T cells directly without undergoing 
processing by antigen-presenting cells or without forming a 
hapten-protein complex.” Drugs such as sulfamethoxazole, car- 
bamazepine, abacavir, and penicillin have been shown to induce 
reaction through the p-i mechanism.'™ T-cell responses are pro- 
miscuous and, in addition to direct lysis of the cells, injury may 
also be elicited by the secretion of cytokines and perforin, or 
granzyme. 

Indirect evidence of an immune-mediated mechanism of DILI 
can be deduced from the identification of antibodies against drugs 
and metabolizing enzymes such as anti-isoniazid antibody and 
anti-CYP antibodies in patients with severe liver disease following 
isoniazid exposure.'“° 


Clinicopathologic Patterns of 
Drug-Induced Liver Injury 


Drugs and foreign chemicals produce manifold and varied 
damage and changes to the liver. Although not absolute, drugs 
typically produce patterns of injury that are characteristic of each 
individual drug. It is been found useful to categorize these pat- 
terns as hepatocellular (or hepatitic), cholestatic, mixed, or stea- 
totic. Some key features of these four patterns are summarized in 


Table 56-2. 


Hepatocellular (Hepatitic) Pattern of Injury 


Most drugs that cause DILI principally produce a pattern of 
hepatocellular-type injury.*'°°°'*''° Most of these instances are 
asymptomatic and mild. When they are unusually severe, patients 
typically develop symptoms similar to those manifested in acute 
viral hepatitis—fatigue, loss of appetite (especially for smoking), 
and nausea. Patients with very severe cases may experience vomit- 
ing, which can be intractable, and hypersomnia; there is usually 
abdominal pain, primarily in the epigastrium and right upper 
quadrant. 

The laboratory features of this type of injury typically include 
a normal complete blood count, although a mild increase in white 
blood cell count may occur, and a minority of patients with 
immunoallergic-type reactions will show peripheral eosinophilia. 
Because the underlying pathogenesis primarily involves apoptosis 
and/or necrosis of hepatocytes, serum alanine aminotransferase 
(ALT) and aspartate aminotransferase (AST) levels are markedly 
elevated. In the case of acute poisoning with intrinsic hepatotox- 
ins, such as acetaminophen, carbon tetrachloride, or other halo- 
genated hydrocarbons, the elevations of the levels of serum 
aminotransferases may be extreme (>100 times the upper limit of 
normal [ULN]). For the larger number of drugs that produce 
idiosyncratic, unpredictable, non—dose-dependent DILI, the 
degree of elevation of serum ALT and AST levels is generally less 
marked (10-25 times the ULN). The serum alkaline phosphatase 
(AP) level is generally normal or mildly elevated (less than twice 
the ULN). Serum total and direct bilirubin levels are variable. 
They may remain normal, although with the more severe forms 
of injury they are invariably increased. The degree of increase in 
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WAE Some Drugs and Chemicals That 
a Cause Hepatic Steatosis 


Aflatoxin B, Fialuridine 
Amiodarone Halothane 
L-Asparaginase Methotrexate 
Aspirin Minocycline 
Chloroform Mitomycin 
Cocaine Tamoxifen 
Coumadin Tetraethylene, trichloroethylene 
Deferoxamine Tetracyclines 
Didanosine Valproic acid 
Ethanol Mipomersen 
Lomitapide 


sv-N-}8=3 Some Drugs and Chemicals That May Cause 
ae the Formation of Mallory-Denk Bodies 


Amiodarone Glucocorticoids 
Diethylstilbestrol Griseofulvin 
4,4’-Diethylaminoethoxyhexestrol Nifedipine 
Ethanol Tamoxifen 


the serum bilirubin level may be extreme, and it is one of the 
negative prognostic factors for hepatocellular type injury. R is 
defined as the ratio of serum ALT concentration divided by the 
ULN of the ALT concentration, divided by serum AP concentra- 
tion divided by the ULN of the AP concentration, with ALT and 
AP concentrations in units per liter. In hepatocellular DILI, R is 
greater than 5 by definition. 

Hepatobiliary-pancreatic imaging in such injury shows a 
normal liver or diffuse homogeneous hepatomegaly. For some 
drugs, changes compatible with diffuse fatty change (Table 56-3), 
Mallory-Denk bodies (Table 56-4), or phospholipidosis (Table 
56-5) may be present. Of particular importance, especially when 
patients are jaundiced, is the lack of evidence of dilatation of the 
biliary tree or cholecystitis. Of course, preexisting gallstones may 
be present, making it somewhat more difficult to arrive at a correct 
diagnosis. Some drugs, such as acetaminophen, can also cause 
acute pancreatic, myocardial, or renal injury. If pancreatitis occurs, 
the pancreas on imaging studies generally shows diffuse enlarge- 
ment or edema. Typically, changes suggestive of chronic underly- 
ing liver disease are absent, although there is nothing about 
preexisting liver disease that prevents patients from developing 
DILI. Therefore such changes may be present. 

The major considerations for the differential diagnosis of acute 
hepatocellular injury attributable to drugs include acute ische- 
mic liver injury; acute viral hepatitis, which may be due to any 
of the agents that are capable of causing this syndrome; acute 
congestive hepatitis, including Budd-Chiari syndrome; auto- 
immune hepatitis; or hepatic decompensation caused by Wilson 
disease. 

When liver biopsy is performed on patients with acute hepa- 
tocellular injury caused by drugs, typical findings are variable and 


Some Drugs That Cause Phospholipidosis 


All amphiphilic drugs Gentamicin 
Amantadine Imipramine 
Amikacin Iprindole 
Amiodarone Ketoconazole 
Amitriptyline Mepacrine 
Chloramphenicol Promethazine 
Chlorcyclizine Propranolol 
Chloripramine Sulfamethoxazole-trimethoprim 
Chloroquine Thioridazine 
Chlorpheniramine Trimipramine 
Chlorpromazine Tripelennamine 
Desipramine 


highly dependent on the offending agent. The most common 
hepatotoxic drug (i.e., acetaminophen) causes acute necrosis first 
and foremost in zone 3 of the hepatic acinus. When it is very 
severe, necrosis extends into and through zone 2 as well (see 
Fig. 56-5). 

Other common findings include variable inflammation of the 
portal tracts, often with a considerable number of polymorpho- 
nuclear or eosinophilic forms. Acute granulomas may also occur. 
DILI is one of the common causes of granulomas in the liver. 714 
Some drugs and chemicals are well known to produce fatty change 
in the liver. Usually this is primarily in zone 3 but it is certainly 
not restricted to this zone. All of the features of steatohepatitis 
may sometimes be present. 

In most instances of hepatocellular injury, particularly when it 
has been sudden and acute in onset, there is a rapid resolution of 
symptoms and signs and improvement of laboratory features 
when use of the offending agent is discontinued. This does not 
always occur, however, and in rare individuals drugs appear to be 
capable of triggering the development of self-perpetuating auto- 
immune hepatitis.'“°'” 

‘The short-term and long-term prognosis of hepatocellular-type 
injury follows Hy’s rule. This was popularized by Hyman Zim- 
merman, a clinical hepatologist with special interest in DILI” 
Hy’s rule states that approximately 10% of patients with DILI of 
the hepatocellular type develop jaundice and that among those 
who develop jaundice approximately 10% will die of DILI. 
Several recent reports have confirmed the accuracy of Hy’s 
rule.*!*'**'® The case fatality rate for people who develop fulmi- 
nant hepatic failure attributable to drugs is very high (approxi- 
mately 75%) for drugs other than acetaminophen. In contrast, 
the case fatality rate for acetaminophen-induced fulminant hepatic 
failure is much lower, with only approximately 25% of patients 
dying and/or requiring liver transplant. 

For the most part there is no specific therapy for DILI beyond 
identification of the offending agent and discontinuation of its 
use. It is clear that acute acetaminophen overdose should be 
treated immediately with N-acetylcysteine. For adults who 
ingested acetaminophen less than 24 hours before presentation, 
an N-acetylcysteine loading dose of 140 mg/kg body weight 
should be given, followed by 70 mg/kg every 4 hours for 17 doses, 
starting 4 hours after the loading dose. It has been suggested that 
N-acetylcysteine may be of benefit in other forms of fulminant 


hepatic failure, and indeed there seems little to be lost by admin- 
istering it in other forms. 

Particularly when hepatocellular-type injury is severe, and/or 
when it is accompanied by evidence of immunoallergic features, 
a corticosteroid, such as prednisolone (20-30 mg/day), and aza- 
thioprine (1-2 mg/kg body weight per day) are often administered 
as well. 


Cholestatic Pattern of Injury 


The typical presentation of cholestatic hepatitis attributable to 
drugs is jaundice and pruritus. Nausea, anorexia, or vomiting 
typically occurs only when the reaction is very severe. The typical 
laboratory features are those of any cholestatic syndrome, with 
elevations primarily in serum AP level, which is more than twice 
the ULN, and serum total and direct bilirubin levels, which 
also are at least twice the ULN. In the pure cholestatic case, 
the levels of serum aminotransferases are normal or only mildly 
elevated, and certainly less than three times the ULN; R < 2. 
A notable exception is the injury due to body-building agents, 
which typically presents with R > 5 but with a protracted course 
characterized by later decreases in R, prolonged itching, and 
jaundice. 

The typical hepatobiliary-pancreatic imaging findings in cho- 
lestatic DILI are important because they show no evidence of 
biliary dilatation and no pancreatic abnormalities. The liver is 
usually normal or nearly normal, and there is nothing to suggest 
chronic liver disease or cholecystitis (see Table 56-2). 

The major differential diagnosis for cholestatic DILI includes 
biliary obstruction (resulting from gallstones, tumors, strictures, 
or pancreatic diseases) and autoimmune disorders that affect 
chiefly the bile ducts, such as primary biliary cirrhosis, primary 
sclerosing cholangitis, or IgG4 autoimmune disease. There are also 
overlap syndromes of autoimmune cholangitis and autoimmune 
hepatitis. These are considered in greater detail in Section VI 
(Immune Diseases and the Liver). 

Typical findings on liver biopsy in cholestatic DILI are the 
presence of bile in hepatocytes, bile plugs in canaliculi, and hepa- 
tocyte swelling in zone 3 (Fig. 56-8). Bile lakes or other features 
of extrahepatic obstruction are absent, and as a rule there are no 
findings of acute cholangitis or pericholangitis, such as one would 
expect to see in bacterial ascending cholangitis. 

The typical course of cholestatic hepatitis is quite different 
from that of hepatocellular DILI in being more protracted. It is 
not uncommon for worsening of signs and laboratory features to 
continue after use of the offending drug has been discontinued, 
sometimes for as long as 30 to 180 days. There is gradual improve- 
ment thereafter, unless the offending agent is readministered or 
another like it is administered. There are rare instances in which 
the disease does not resolve but instead evolves to produce the 
adult vanishing bile duct syndrome, sometimes with progression 
to secondary biliary cirrhosis. 

The usual therapy for cholestatic DILI is to stop use of the 
offending drug and administer ursodeoxycholic acid. We recom- 
mend that ursodeoxycholic acid be given at a dosage of 15 mg/ 
kg per day to 20 mg/kg per day in two divided doses. If pru- 
ritus is severe, the usual treatment is cholestyramine; however, 
this must be given at times other than when ursodeoxycholic 
acid or other drugs are administered, because it will bind the 
drugs and prevent their absorption. We generally recommend 
that cholestyramine be administered in the morning, when there 


CHAPTER 56 Drug-Induced Liver Injury | “:}¥/ 


fo ie DIA oh 


on 


e Fig. 56-8 A, Cholestatic injury. This biopsy sample, from a patient who 
became jaundiced while taking the nonsteroidal antiinflammatory drug 
nabumetone, shows relatively bland cholestasis with numerous canalicular 
bile plugs (arrows) but relatively little hepatocellular injury. The peak serum 
bilirubin level in the patient was 110 mg/dL. B, Cholestatic injury. This 
biopsy sample, from a patient who became jaundiced after a course of 
amoxicillin, shows a combined hepatocellular and cholestatic injury with 
canalicular bile plugs (arrows) as well as hepatocyte injury, apoptosis, and 
dropout with Kupffer cell hypertrophy and lymphocytic inflammation, pro- 
ducing disarray of the liver cell plates. 


is maximal turnover of the biliary pool. Other helpful measures 
to control pruritus include plasmapheresis and administration of 
phenobarbital, rifampicin, or naltrexone, although all of these 
drugs, especially rifampicin, may also cause hepatotoxicity on 
their own. 


Mixed Pattern of Injury 


This pattern, as the name implies, involves features of both hepa- 
tocellular and cholestatic injury (see Table 56-2). The typical 
clinical presentation is nausea, anorexia, and vomiting when it is 
severe. Jaundice and pruritus may also be present. 

The typical laboratory findings are serum aminotransferase 
levels greater than three times the ULN and serum AP and 
total and direct bilirubin levels more than twice the ULN. 
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The biopsy features are also a mixture of the features described 
previously for the other two types of injury. R is between 
2 and 5. 

The considerations for differential diagnosis must include 
ischemic hepatitis, acute congestive hepatitis, acute viral hepatitis, 
autoimmune hepatitis, or overlap syndromes of autoimmune 
cholangitis and hepatitis; hepatic decompensation caused by 
Wilson disease, primary biliary cirrhosis, primary sclerosing chol- 
angitis, and biliary obstruction attributable to gallstones, tumors, 
strictures, or primary pancreatic diseases should also be included 
in the differential diagnosis. 

The typical treatments are the same as those already described 
for hepatocellular and cholestatic injuries. The typical course is 
somewhat longer than for hepatocellular injury but somewhat 
shorter than for typical cases of pure cholestatic DILI. 


Steatotic (Fatty Liver) Pattern of Injury 
As shown in Table 56-3, there are two major types of fatty accu- 


mulation in the liver: microvesicular steatosis results in changes 
in pure small-droplet fat particles, whereas macrovesicular steato- 
sis is associated with alterations in fewer large-droplet fat mol- 
ecules. Typically, however, macrovesicular steatosis is present with 
at least a mild degree of microvesicular steatosis. 

Microvesicular steatosis is due principally to mitochondrial 
toxicity, leading both to a deficiency in mitochondrial B-oxidation 
of free fatty acids and to critical compromise of mitochondrial 
ATP production. Patients with these defects commonly present 
with nausea, anorexia, vomiting, confusion, or coma, the latter 
attributable to hepatic encephalopathy with prominent and severe 
hyperammonemia. They often have significant lactic acidosis 
because of the critical defect in mitochondrial respiration and 
oxidative phosphorylation. The typical laboratory features are 
moderate to marked increases in the levels of serum aminotrans- 
ferases; serum AP level is normal or only slightly increased, serum 
bilirubin levels are variable, depending on the severity of the 
injury, and R> 5. 

Typical hepatobiliary-pancreatic imaging studies in patients 
with microvesicular steatosis show a normal liver, pancreas, and 
spleen, as well as the absence of biliary dilatation or any imaging 
findings to suggest portal hypertension or chronic liver disease. 
The major differential diagnosis is Reye syndrome or inborn or 
other acquired defects in mitochondrial function, particularly 
fatty acid metabolism or ATP production. 

The findings on liver biopsy are remarkably mild (Fig. 56-9). 
To clearly visualize the lipid, it may be necessary to perform oil 
red O staining on frozen sections. This is because there is diffuse 
lipid accumulation in very small droplets, often smaller than the 
limit of resolution of light microscopy. There is no displacement 
of hepatocytic nuclei, such that the lipid may not be apparent in 
formalin-fixed tissue stained in the routine way. There is minimal 
inflammation, although apoptotic bodies and evidence of hepa- 
tocytic dropout may be present, and there is usually no fibrosis. 

The usual course is one of rapid improvement if use of the 
inciting agent is discontinued. However, some patients have such 
severe defects that they may be unable to recover unless they 
receive urgent liver transplant. Certainly, all such patients who 
might be transplant candidates and who develop higher grades of 
hepatic encephalopathy should rapidly be transferred to a trans- 
plant center. If patients can be nursed successfully through the 
acute phase of the disease, complete recovery with no progression 
to chronic liver disease will ensue. Examples of drugs that cause 


p “Oy 


we & “ 
e Fig. 56-9 Microvesicular steatosis in a child taking valproic acid. Most 
of the hepatocytes have small vacuoles of fat, and liver cell dropout with 
Kupffer cell hypertrophy and a mild lymphocytic infiltrate are visible. 


microvesicular steatosis are summarized in Table 56-3. Notewor- 
thy are two newly approved drugs, mipomersen and lomitapide, 
for the management of familial hypercholesterolemia.'”' 


Macrovesicular or Mixed Microvesicular 
and Macrovesicular Steatosis 


The accumulation of fat is probably the most common liver 
abnormality. Potential causes of fatty liver are manifold and are 
discussed in greater detail in Chapters 25 and 26. Drugs and 
chemicals are among the important causes of fatty liver (see Table 
56-3). If one considers ethanol as a drug, it is probably the most 
common cause. Most people with fatty liver attributable to alcohol 
or other conditions that produce macrovesicular steatosis are 
asymptomatic. When the fatty deposition is severe, hepatomegaly 
ensues, and patients may have upper abdominal discomfort and 
a sense of heaviness. It is rare for more severe symptoms, such as 
nausea, anorexia, vomiting, or jaundice, to occur. The findings of 
laboratory studies may be entirely normal or may show mild 
increases in the levels of serum aminotransferases. Although serum 
AP levels may be slightly increased, y-glutamyl transpeptidase 
levels are usually more elevated. Typical findings on hepatobiliary- 
pancreatic imaging are diffuse, generalized hepatomegaly. Ultra- 
sonography shows evidence of increased echogenicity, whereas CT 
scanning shows a decrease in hepatic attenuation. There is gener- 
ally no biliary dilatation and the pancreas appears normal, or may 
show increased echogenicity indicative of a fatty deposition in the 
pancreas. 

In addition to heavy alcohol use, macrovesicular steatosis is 
commonly caused by liver disease associated with metabolic syn- 
drome (nonalcoholic fatty liver and nonalcoholic steatohepatitis; 
see Chapter 26). The typical findings on liver biopsy in patients 
with drug-induced macrovesicular steatosis are indistinguishable 
from those caused by alcohol or by nonalcoholic fatty liver. It is 
common for patients to have these changes because of an element 
of alcohol and nonalcoholic fatty liver plus use of one or more 
drugs. Mallory-Denk bodies may develop as a result of alcoholic 
or nonalcoholic steatohepatitis, and have been associated with 
several drugs (see Table 56-4). The usual therapy is to stop use of 
the offending drug. However, if the fatty change is mild and 


WAE Some Drugs and Chemicals That 
CLAGE May Cause Peliosis Hepatis 


Anabolic steroids Glucocorticoids 
Arsenic Medroxyprogesterone 
Azathioprine Tamoxifen 
Contraceptive steroids Thioguanine 

Danazol Thorotrast 
Diethylstilbestrol Vinyl chloride 
Estrone Vitamin A excess 


asymptomatic and if the drug is essential for other reasons, such 
as methotrexate for the management of rheumatoid arthritis or 
psoriasis, the decision may be made to continue use of the drug 
with careful monitoring. In addition to the histopathologic fea- 
tures already described, drugs can cause the accumulation of phos- 
pholipids in hepatocytes and other cells (see Table 56-5), vascular 
lesions in the liver (including peliosis hepatis) (Table 56-6), sinu- 
soidal obstruction or veno-occlusive disease, and arterial vascular 
compromise, which is manifested as a syndrome that resembles 
sclerosing cholangitis. 


Predictable Versus Unpredictable 
Drug-induced Liver Injury 


Another useful way to categorize DILI is as predictable or intrinsic 
injury versus unpredictable or idiosyncratic injury. By far the most 
important example of the former is that induced by acetamin- 
ophen, which, by mechanisms already described, will produce 
liver injury in virtually everyone who takes a sufficient dose. 
Examples of other drugs or toxins that act similarly are listed in 
Table 56-7. 

Most drugs, however, cause DILI unpredictably and in only a 
small percentage of individuals. Such reactions are called idiosyn- 
cratic reactions and are further subdivided according to the accom- 
panying presence or absence of immunoallergic manifestations. 
Such manifestations include symptoms such as fever, peripheral 
eosinophilia, rash, arthralgia, and arthritis. As shown in Table 
56-7, many drugs are recognized as capable of causing idiosyn- 
cratic DILI either with or without an immunoallergic phenotype, 
stressing the importance of genetic host factors in modulating the 
response to injury (see Fig. 56-2). 

The mechanisms that probably lead to immunoallergic injury 
are summarized in Fig. 56-10. According to this figure, drugs 
may produce antigens by binding to host proteins (perhaps alter- 
ing them), which are recognized as foreign and against which the 
host’s immune system mounts a T-lymphocyte or B-lymphocyte 
response. Because such neoantigens are displayed on hepatocytes, 
where most drug metabolism occurs, the net effect may resemble 
autoimmune hepatitis. Ingestion of drugs appears to trigger auto- 
immune hepatitis in rare individuals.'“°'"° The importance of host 
immune responses in the pathogenesis of DILI is emphasized by 
the fact that nearly all genetic associations with risks of DILI thus 
far identified, mostly from genome-wide or candidate-gene asso- 
ciation studies, have been for HLA alleles (Table 56-8). In several 
cases (amoxicillin—clavulanic acid, carbamazepine, flucloxacillin) 
the causative drugs result in immunoallergic disease, whereas 
in others (isoniazid, ximelagatran) they do not. This suggests 
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that immune reactions are important in most cases of clinically 
important DILI, even in the absence of classic immunoallergic 
features. 


Drug-Induced Liver Injury 
Due To Specific Agents 


Anesthetics 


Of the agents currently used to induce and maintain anesthe- 
sia, only the halogenated volatile agents have clinically signifi- 
cant hepatotoxicity. Beginning with halothane in the 1950s, the 
halogenated anesthetics replaced the routinely used ether and 
chloroform. Halothane, besides being nonflammable, had much 
better pharmacokinetics than ether, and had fewer respiratory 
and cardiac side effects than chloroform. However, postoperative 
liver injury was soon recognized, especially in patients reexposed 
to halothane, “>">! and it was also an occupational hazard 
for those administering the anesthetic.'* The development of 
other halogenated agents, such as enflurane, isoflurane, desflu- 
rane, and sevoflurane, was associated with less hepatotoxicity, 
most likely because these agents underwent less hepatic metabo- 
lism. However, all have been reported to cause liver injury, 79 
including sevoflurane, which is considered the safest among the 
newer halogenated agents. Most cases are self-limiting, although 
ALF resulting in fatality due to massive liver necrosis following 
repeated exposures to sevoflurane has been described.'””'®’ The 
incidence of hepatotoxic reactions after halothane administration 
has been estimated to be between 1 in 3000 and 1 in 30,000.'*! 
The incidence after enflurane use has been estimated to be approx- 
imately 1 in 800,000. The newer agents have an even lower 
incidence. 

Studies of pathogenesis support an immune mechanism for 
liver injury,“°' with identification of halothane metabolite— 
modified neoantigens in injured livers and IgG antibodies to 
neoantigens in sera of patients. CYP2E1 appears to be the CYP 
responsible for the oxidative generation of the reactive metabo- 
lite." When halothane, isoflurane, and sevoflurane were admin- 
istered to dogs,'”’ all caused elevations of aminotransferase levels 
postoperatively, but halothane was toxic much earlier and to a 
greater degree than the other agents. 

The clinical features of halogenated anesthetic—induced liver 
injury were reviewed years ago “>>! and more recently.'°*'® 
Most individuals had undergone anesthesia on multiple occasions, 
and there can be cross-sensitization between agents. Nonspecific 
symptoms, including fever and malaise, occur days to weeks post- 
operatively and are followed by marked elevations of aminotrans- 
ferase levels and then jaundice. Onset is variable, with jaundice 
occasionally taking more than 1 month to develop. The usual 
histologic pattern of liver injury is centrilobular necrosis'”’; 
however, cholestatic features can also occur.” The most frequently 
affected patients are obese women aged between 40 and 60 years. 
A small percentage of patients develop fatal fulminant liver failure, 
with some rescued by transplant. However, complete resolution 
without residual liver dysfunction occurs in most cases. Patients 
who have survived such reactions should not be reexposed to any 
halogenated anesthetics. 

Among parenterally administered agents, both propofol and 
ketamine are safe and have been extensively used for short pro- 
cedures. Mild elevation of aminotransferase levels may occur 
following propofol use. However, cases of clinically significant 
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WAGs Classification of Drug-Induced Liver Injury: Comparison of Intrinsic (Predictable) Versus Idiosyncratic 
56-7 


Predictability/ 


(Unpredictable) Drug-Induced Liver Injury 


High/yes 


Low/slight or nil 


Low/slight or nil 


dose All individuals given high doses Most individuals will not develop Most individuals will not develop drug-induced liver injury, 
dependence will develop drug-induced drug-induced liver injury, regardless regardless of dose 
liver injury of the dose Not reproducible in experimental animals 
Regularly produced in Not reproducible in experimental 
experimental animals animals 
Associated Toxic damage to other tissues Fever, rash, peripheral adenopathy, No extrahepatic manifestations of immunoallergic 
features also occurs eosinophilia responses 


Drug-induced renal, pancreatic 
injury common 


Development of autoantibodies (ANA, 
ASMA), hyperglobulinemia 


Underlying risk 
factors 


Induction (without inhibition) of 
enzymes that increase 
formation of toxic 
intermediates 

Conditions that decrease 
metabolism, detoxification, 
and removal of toxic 
intermediates 


Allergic diathesis 

Other host genetic factors presumed to 
play a role such as presence of 
certain HLA types, factors that 
influence T,1 vs. T,;2 phenotypes 

Women more susceptible than men (as 
for most autoimmune diseases) 


Other host genetic factors presumed to play a role, such as 
genetic variations that influence expression of phase I/II 
enzymes of drug metabolism 

Presence of underlying liver disease, especially chronic viral 
hepatitis in individuals receiving HAART and fatty liver in 
individuals receiving methotrexate or dugs implicated in 
causing steatohepatitis 


Typical pattern 
of injury 


Hepatocellular, acute 


Hepatocellular, acute 
Less often, cholestatic or mixed 


Hepatocellular, acute 
Less often, cholestatic or mixed 


Response to 


Reproduced promptly and 


Very rapid recurrence (1-3 doses) 


Variable—may be delayed for several weeks, usually more 


rechallenge dependably rapid than initial episode 
Examples of Acetaminophen Amoxicillin—clavulanic acid Amoxicillin—clavulanic acid 
inciting Amanita toxins ot-Methyldopa Chlorpromazine (other phenothiazines) 
agents Bromobenzene Diclofenac Enflurane 
Carbon tetrachloride Doxycycline Fluroxene 
Chloroform Fenofibrate Glitazones (rosiglitazone , pioglitazone , troglitazone) 
Halothane Halothane Isoniazid 
White phosphorus Hydralazines Nifedipine 
Minocycline Penicillins 
Nitrofurantoin Phenelzine 
Penicillins Phenylbutazone 
Phenylbutazone Propylthiouracil 
Phenytoin Statins (rarely) 
Quinidine Sulfonylureas 
Statins (very rarely) Quinidine 
Typical duration Very brief (<1 wk) (e.g., Brief (1-5 wk) (e.g., development of Valproic acid 


of exposure, 
before onset 


acetaminophen overdose in 
attempted suicide) 


allergic reaction to phenytoin) 


Highly variable, depending on poorly defined host 
susceptibility factors (1-100 wk) (e.g., variable onset of 
glitazone-induced liver injury) 


ANA, Antinuclear antibody; ASMA, anti-smooth muscle antibody; HAART, highly active antiretroviral therapy; HLA, human leukocyte antigen. 


hepatotoxicity have been described.’ In particular, propofol 
infusion syndrome characterized by mitochondrial toxicity with 
cardiac and skeletal muscle dysfunction and fatty liver has been 
described following higher doses in children and adults. '” 
Ketamine has been linked to abnormal liver test results follow- 
ing repeated use for chronic pain” and also with a secondary 
sclerosing cholangitis—like picture in those who abuse the drug.'” 
Both generally resolve with cessation of or abstinence from use of 


the drug. 


Anticonvulsants 


Many anticonvulsants have potential hepatotoxic effects (Table 
56-9), including traditional agents that have been in use for 
decades (e.g., phenytoin, valproic acid, carbamazepine) and newer 
drugs such as felbamate and lamotrigine. Because of the clinical 
importance of seizure control, all of these agents remain in use 
despite their potential toxicities, although the newer second- 
generation antiepileptic drugs are better tolerated and have 
decreased or no propensity for hepatotoxicity compared with the 
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e Fig. 56-10 Probable mechanisms for pathogenesis of drug-induced immunoallergic hepatitis. Ag, 


Antigen; APC, antigen-presenting cell. 


traditional agents.'”° Some patients with difficult-to-treat epilepsy 
may need a combination of two or more antiepileptic drugs, and 
patients with epilepsy may be exposed to nonepileptic drugs 
during their lifetime.” Understanding the effect of interactions 
between drugs is important so as to sustain seizure control and 
also to prevent adverse reactions. For example, addition of valpro- 
ate increases the serum concentration of lamotrigine, with its 
potential to be toxic, whereas exposure to estrogen-containing 
contraceptives decrease the concentration of lamotrigine.” Viga- 
batrin (i.e., vinyl-GABA) has restricted use in the U.S. market 
because it has caused visual field defects.” However, the drug 
may be useful for treating methamphetamine and cocaine addic- 
tion.” Many other anticonvulsant agents will probably become 
available in the future,'”* and careful postmarketing monitoring 
will be required to elucidate their toxicities. 

Phenytoin has been known for decades to cause hepatotoxicity 
in association with hypersensitivity reactions.'**'*’ Most patients 
taking phenytoin develop mild elevations of AP and y-glutamyl 
transferase levels within the first few months of therapy that 
normalize with continued use of the drug. These changes are 
part of hepatic adaptation and generally do not require cessa- 
tion of therapy. It is the hypersensitivity reaction that is most 
worrisome.'’ The formation of the reactive arene oxide metabo- 
lite by CYP2C9, followed by formation of the o-quinone by 
CYP2C9, CYP2C19, and CYP3A4, leads to haptens and immune 


activation. The incidence of this idiosyncratic non—dose-related 
hepatotoxicity is estimated to be less than 1 in 10,000, and 56% 
of phenytoin hypersensitivity is associated with some hepatotoxic- 
ity.” Liver failure necessitating transplant still occurs.'"' 

The clinical symptoms usually manifest themselves within 1 to 
8 weeks of drug exposure and include fever, malaise, lymphade- 
nopathy, splenomegaly, and rash. Serum aminotransferase levels 
are elevated 2- to 100-fold (ALT level greater than AST level), 
and AP levels are elevated twofold to eightfold. °% Leuko- 
cytosis and atypical lymphocytes suggesting mononucleosis and 
eosinophilia are common, with a lupus-like syndrome and pseu- 
dolymphoma reported occasionally. Adverse events in other organ 
systems can include interstitial nephritis, myositis and rhabdomy- 
olysis, pneumonitis, and marrow suppression. The clinical pre- 
sentation can also simulate viral hepatitis.'*' When liver biopsies 
are performed, the histologic analysis shows a panlobular mixed 
mononuclear and polymorphonuclear infiltrate with prominent 
eosinophilia. In 10% of cases, cholestasis is the predominant 
finding. The findings are not specific, however. 

The therapy is discontinuation of use of the drug, which in most 
cases leads to resolution of toxicity. However, once liver failure 
develops, the case fatality ratio can be as high as 40%. Because of 
cross-reactivity with carbamazepine and oxcarbazepine,'*”'*? these 
latter agents should not be used to replace phenytoin for seizure 
control in patients who have experienced symptomatic phenytoin 
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TABLE 
56-8 


Reported Genetic Associations With Risk of Drug-Induced Liver Injury 


HLA Genes 
Abacavir; 114, 115 DRB*5701 18/167 78/2 117 (29-481) 
Haplotype DRB*5701, DR7, DQ3 18/167 72/0 822 (43-15,675) 
Amoxicillin-clavulanic DRB1*1501 35/60 57/12 NA 
acid; 116 
117 DRB1*1501 22/134 70/20 9.2 (NA) 
118 DRB1*15 52/228 50/30 2.45 (1.37-4.8) 
119 DRB1*0602 27/635 74/41 4.14 (1.73-9.95) 
120 DQB1*0602 201/532 NR 2.8 (2.1-3.8) Most significant association observed 
for haplotype A*201-B*0702- 
DRB1*1501-DQB1*0602 (OR 13-20) 
Flucloxacillin; 121 DRB1*5701 72/346 83/6.3 80.6 (22.8-285) 
INH; 122 DQB*0201 56/290 52/23 2.1 (1.0-4.18) Study among Asian Indians 
DRA*0103 56/290 6/39 0.2 (0.04-0.69) Protective allele 
Lapatinib; 123 DQA1*0201 99/275 10/1.1 9.0 (2-53) For ALT > 5 x ULN 
Lumiracoxib; 124 DRB1*1501 139/581 41/10 6.3 (4.1-9.7) Part of haplotype DRB1*1501- 
(GWAS rs3129900) DQA1*0102-DQB1*0602- 

DRB5*0101 associated with 
amoxicillin—clavulanic acid-induced 
liver injury and multiple sclerosis 

Ticlopidine; 124 A*3303 (Japanese) 22/85 68/14 13 (4.4-38.6) 
Ximelagatran; 125 DRB1*07 74/130 26/8.5 4.41 (2.22-8.87) 
DQA1*02 74/130 26/8.5 4.41 (2.21-8.80) 
Non-HLA Genes 
INH; 126 CYP2E1 [c1/c1] (wild 21/318 20/9 2.52 (NR) 
type) 
CYP2E1 [c1/c1] + NAT2 7.43 (NR) 
slow acetylator 
INH; 127 NAT2 slow acetylator 18/114 36.8/9.7 5.41 (1.76- No association between CYP2E1 
16.59) genotype and antitubercular drug 


DILI 


ALT, serum alanine aminotransferase; C/, confidence interval; DIL/, drug-induced liver injury; GWAS, genome-wide association study; HLA, human leukocyte antigen; INH, isoniazid; NA, not available; 


NR, not reported; OR, odds ratio; ULN, upper limit of normal. 


toxicity. A phosphate ester prodrug of phenytoin, fosphenytoin, 
developed for parenteral administration’? should also be avoided. 

Carbamazepine, like phenytoin, can also cause asymptomatic 
mild elevations of serum y-glutamyl transferase (64%) and AP 
(14%) levels that do not require discontinuation of therapy.'*’ 
However, increases in aminotransferase levels, seen in 22% of 
patients, may indicate susceptibility to develop the more serious 
idiosyncratic hypersensitivity reaction. A Swedish analysis'*’ esti- 
mated the risk to be approximately 1 in 6000, which is greater 
than with phenytoin. The hypersensitivity reaction is also due to 
formation of a reactive metabolite, probably an unstable epoxide 
formed by CYP3A4.'** Drug toxicity usually occurs within 
8 weeks to 16 weeks of therapy and presents as fever, rash, 
and peripheral eosinophilia. Marrow suppression, nephritis, and 


pneumonitis can also occur. Carbamazepine is more likely than 
phenytoin to cause a pure cholestatic pattern of hepatotoxic- 
ity, which occurs in 30% of reactions. A mixed pattern of liver 
injury with elevations of AP, bilirubin, and aminotransferase levels 
occurs in 50% of cases. A predominantly hepatocellular injury 
may have a worse prognosis.'*’ Consistent with the cholestatic 
clinical picture, histopathology study commonly demonstrates 
a granulomatous reaction with ecosinophilia.'* Resolution of 
injury takes several weeks after drug withdrawal. Because the 
injury is immune mediated, rechallenge is not recommended, 
and both phenytoin and oxcarbazepine should be avoided.'*”'”° 
The keto analog of carbamazepine, oxcarbazepine, was first intro- 
duced in 1990 in Denmark and has recently become available 
in most countries, including the United States. It is considered 


TABLE 
F Anticonvulsants and Drug-Induced Liver Injury 
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Traditional Antiepileptic Drugs 


Phenobarbitone Hepatic Yes 
Phenytoin Hepatic Yes 
Primidone Hepatic Yes 
Carbamazepine Hepatic Yes 
Valproate Hepatic Yes 


Second-Generation Antiepileptic Drugs 


Gabapentin Renal None 
Felbamate Hepatic None 
Lamotrigine Hepatic None 
Topiramate Renal/ None 
hepatic 

Levetiracetam Renal None 
Oxcarbazepine Hepatic None 
Zonisamide Hepatic Yes 

Clobazam Hepatic None 
Pregabalin Renal None 


Yes (hepatitic > cholestatic) DRESS 
Yes (hepatitis > cholestatic) DRESS 
No - 

Yes (cholestatic > hepatitis) DRESS 


Yes (microvesicular steatosis) Reye’s syndrome—like reaction 


(mitochondrial injury) 


Reported None 
Yes (hepatitis > cholestatic) Aplastic anemia 


Reported (cholestatic > hepatitis) Stevens-Johnson syndrome 


Not known Stevens-Johnson syndrome? 
DILI when combined with other AED 

Reported (hepatitis) None 

Reported Hyponatremia/rash 


Reported (1 case VBDS) DRESS 


Not known Skin reaction 


Reported Hematologic adverse effects 


AED, Antiepileptic drug; DILI, drug-induce liver injury; DRESS, drug rash with eosinophilia and systemic symptoms; VBDS, vanishing bile duct syndrome. 


to be a safe and useful anticonvulsant’”' with fewer CYP-related 
drug interactions than carbamazepine.'” However, it has also 
been reported to cause ALF as a result of hypersensitivity,” 
with a clinical presentation similar to that of carbamazepine and 
phenytoin.'”” 

Valproic acid, introduced in 1978, is a nonaromatic antiepi- 
leptic drug that may be the most widely prescribed anticonvulsant 
worldwide,’ and in general is considered very safe, with the 
incidence of hepatotoxicity in adults and children older than 2 
years being approximately 1 in 35,000.'°* However, in children 
younger than 2 years, especially those taking other anticonvul- 
sants, the incidence may be 1 in 600. Valproate is one of the top 
three or four leading causes of drug-induced ALF in children and 
adults. Survival after transplant is generally poorer with antiepi- 
leptic drugs than other drugs.’”” It is also clear that patients with 
genetic mitochondrial enzyme defects are at greater risk,'’°'”” 
most likely because of valproate’s depletion of coenzyme A levels 
and its metabolism via mitochondrial oxidation. People with 
Alpers-Huttenlocher syndrome are at especially high risk, and this 
is related to mutations in the mitochondrial polymerase gamma 
gene.” Hepatotoxicity usually occurs within the first 3 months 
to 6 months of therapy,'*’ although delays as long as 2788 days 
have been reported.” 

Valproate’s hepatotoxicity is most likely dose related,” 
although epidemiologic studies have suggested that other host 
factors and polypharmacy may be more important.'”* Up to 40% 
of patients have transient, asymptomatic elevations of ALT con- 
centration that reduce with dose reduction.'*’ High doses of the 
drug, in addition to young age and polypharmacy, are significantly 


associated with higher excretion of thiol conjugates of the 
toxic valproate metabolite (£)-2,4-diene-valproic acid.'”* There- 
fore ALT monitoring is recommended for the first 6 months 
of therapy and after dose increases. Patients taking olanzapine 
in addition to valproate had higher ALT level elevations than 
with either drug alone.” Although no specific degree of ALT 
level elevation has been identified as an indicator of impending 
hepatic failure, a greater than threefold elevation should prompt 
drug use cessation. If fever, nausea, vomiting, and abdominal 
pain accompany laboratory evidence of developing hepatic failure 
and poor seizure control, then liver failure will probably become 
irreversible. 

The characteristic histopathologic feature of valproate hepa- 
totoxicity is that of microvesicular steatosis, similar to Reye syn- 
drome, seen mainly in zones 2 and 3.'® These changes may 
occur without toxicity. In one report, 61% of patients receiving 
long-term valproate therapy had sonographic evidence of fatty 
liver,” with most having normal concentrations of serum amino- 
transferases. Valproate therapy has also been reported to decrease 
serum albumin concentrations by up to 30% without apparent 
toxicity in a small study of children with severe neurologic dis- 
abilities." In marked contrast to the other traditional first-line 
antiepileptic drugs, valproate does not produce hypersensitivity 
reactions. '”° 

Because of the potential for valproate to damage mitochondrial 
function, L-carnitine was suggested as a protective agent” and 
may improve survival with severe valproate hepatotoxicity,” espe- 
cially if it is administered intravenously. Oral supplementation of 
100 mg/kg per day, up to a maximum of 2 g/day, is recommended 


for infants and young children taking valproate, and for patients 
with symptomatic hyperammonemia or multiple risk factors for 
hepatotoxicity." Prophylactic use of L-carnitine decreases the risk 
of valproate hepatotoxicity and is recommended. 


Newer Anticonvulsants 


Felbamate was approved for use in 1993. However, during its first 
year of use an incidence of hepatic failure of 1 in 6000 (and an 
aplastic anemia incidence of 1 in 3000) prompted restriction of 
its use to severe epilepsy not responding to other agents.” By 
1996, 36 cases of hepatotoxicity had been collected by the FDA, 
with 5 deaths.” It is rarely used given its adverse effect profile 
and the availability of safer antiepileptic drugs.” The mechanism 
of toxicity appears to involve the formation of an aldehyde mono- 
carbamate? that is activated to atropaldehyde.'**°*°” Because 
felbamate is usually given with other anticonvulsants and is a 
CYP3A4 substrate, studies of drug interactions have been per- 
formed. An in vivo study” suggests that felbamate may hetero- 
activate CYP3A4 to promote the formation of carbamazepine 
10,11-epoxide when these agents are used together. The paucity 
of reported cases makes it difficult to describe the clinical charac- 
teristics and histopathologic features of felbamate hepatotoxicity. 
However, presentation occurs between 3 weeks and 6 months of 
initiation of therapy, with a possible female preponderance. '® 

Clonazepam is listed at http://www.epocrates.com and http:// 
www.pdr.net as having hepatotoxicity as a serious adverse event. 
However, there is only one case report of acute liver injury that 
recurred with reexposure in the literature.”'' There is no report of 
cross-reactivity with other benzodiazepines. 

Lamotrigine is a chlorinated phenyltriazine anticonvulsant that 
has been in use for more than 1 decade. The first case of fulminant 
hepatic failure attributable to its use was reported in 1995.77 
Another severe case, that of an 8-year-old boy who recovered, was 
reported in 1998.” Lamotrigine constitutes 1% of cases in the 
DILIN registry in adults and children.'* Although lamotrigine is 
not an aromatic anticonvulsant, the most common adverse event 
of lamotrigine is a s rash,*'*?'? which occurs in 3% to 10% of 
patients'*’ and can progress to Stevens-Johnson syndrome/toxic 
epidermal necrolysis. Whether the metabolism of lamotrigine to 
a reactive arene oxide’! is responsible for both the cutaneous 
toxicity and the rare hepatotoxicity is not yet clear. 

However, cross-reaction between carbamazepine and lamotrig- 
ine has been reported.”'’ Lamotrigine carries a black box warning. 
Concomitant administration of valproate increases lamotrigine 
levels manyfold, predisposing to toxicity.” 

Topiramate, also marketed to prevent migraines, is related to 
carbonic anhydrase inhibitors and can cause metabolic acidosis. 
It has been considered very safe with few side effects (most involv- 
ing the central nervous system), especially if its use is started at 
low doses and increased slowly (25-50 mg/wk).*'* Only one case 
of ALF necessitating a transplant has been reported, in a woman 
also taking carbamazepine.”'’ The blood levels of carbamazepine 
and topiramate were within the therapeutic ranges. Topiramate 
increases the risk of valproic acid-induced encephalopathy 
10-fold.*” Five additional cases of reversible hepatotoxicity in 
three children and two adults, all of whom were also taking val- 
proate, have since been reported.”’'*” suggesting that topiramate 
likely changes valproate pharmacokinetics. 

Levetiracetam is minimally metabolized (only 34%),~* with 
few long-term side effects’; however, it did appear to cause ful- 
minant liver failure in an Australian patient, who required a 
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transplant.” Unfortunately, inadvertent reexposure to the drug 
injured the new liver. 

Zonisamide is hepatically metabolized but has few drug inter- 
actions.” A case of vanishing bile duct syndrome has been 
reported.””* 

Gabapentin and pregabalin have been approved for some 
forms of seizure and neuropathic pain. The first report of liver 
injury was that of cholestasis that resolved with drug withdrawal.” 
In a recent French pharmacovigilance database review, both drugs 
were reported to cause hepatitis, although gabapentin was more 
likely to do so.**° Eight cases of probable or likely hepatitis from 
gabapentin were reported, among which gabapentin was the sole 
drug used in four cases. Adverse reactions to pregabalin are over- 
shadowed by its hematologic effects. Recent reports of reversible 
hepatotoxicity have been published.” 


Psychotropic Drugs 


Attention Deficit-Hyperactivity Disorder 


Methylphenidate is a commonly used and possibly overused 
central nervous system stimulant that can cause liver function test 
abnormalities, but has been reported to cause hepatotoxicity only 
with intravenous abuse in high doses.** It has also been reported 
to precipitate an autoimmune hepatitis.” However, these hepatic 
adverse events appear to be very rare as evidenced by a single case 
in the DILIN registry.“ In the VigiBase registry pertaining to 
children, methylphenidate and atomoxetine were listed as causing 
96 and 64 cases, respectively.” 

Atomoxetine is a non-stimulant-selective norepinephrine 
reuptake inhibitor often used instead of methylphenidate because 
it is not a controlled substance. It is metabolized by CYP2D6 and 
has been reported to rarely cause serious hepatotoxicity in post- 
marketing surveillance,” including four cases in a DILIN pro- 
spective study.“ 


Antipsychotics: First Generation 

The phenothiazine neuroleptics, including chlorpromazine, pro- 
chlorperazine, perphenazine, and thioridazine, are well known to 
cause both hepatocellular and cholestatic injury, most likely by 
immunoallergic mechanisms.” Fluphenazine, thioproperazine, 
and trifluoperazine appear to cause cholestasis only. In a pharma- 
covigilance study using a British database,” chlorpromazine was 
found to be the agent most often associated with DILI, with an 
adjusted odds ratio of 416. If serial liver function tests are per- 
formed, 42% of patients receiving chlorpromazine show abnor- 
malities. The butyrophenone haloperidol can also rarely cause 
cholestasis, which is sometimes prolonged. 


Antipsychotics: Second Generation 

The second-generation antipsychotics have largely replaced the 
first-generation agents because of greater efficacy and fewer side 
effects, including less hepatotoxicity. However, clozapine com- 
monly causes abnormal liver function test results in up to 40% 
of patients,” but only two cases of fatal fulminant liver failure 
have been reported.” When clozapine was compared with zipra- 
sidone in an 18-week study of 147 patients, no hepatotoxicity was 
found for either drug.” Olanzapine, has become popular because 
it is well tolerated. Olanzapine accounted for 5.4% of patients 
with DILI from a single-center registry of 313 cases that rapidly 
reversed with discontinuation of use of the agent.” Risperidone 
has been associated with asymptomatic mild liver enzyme level 
elevations mostly in the form of AP level elevation in 53% of 


children and an ALT level elevation of more than three times in 
0.8% cases.™ All three patterns of elevation of liver enzyme levels 
have been reported with risperidone.*”” Quetiapine is linked to 
mild elevation of liver enzyme levels and a few case reports of 
clinical jaundice, including rare instances of ALF with recovery.” 
There have been no reports of liver injury for aripiprazole, pali- 
peridone, pimozide, and iloperidone. Therefore although these 
agents all have numerous serious side effects, hepatotoxicity 
appears to be rare, and monitoring of liver function test results 
has not been recommended for any of them. 


Antidepressants 


DILI from antidepressants is rare. Asymptomatic mild amino- 
transferase level elevations may be induced in 0.5% to 1% of 
patients by second-generation agents such as selective serotonin 
reuptake inhibitors and serotonin and norepinephrine reuptake 
inhibitors and in up to 3% of patients treated with monoamine 
oxidase inhibitors or tricyclic and tetracyclic antidepressants.” 
A recent review reported the highest frequency of DILI with 
the following drugs: monoamine oxidase inhibitors, tricyclic/ 
tetracyclic antidepressants, nefazodone, bupropion, duloxetine, 
and agomelatine.” Those with apparently lower risks were citalo- 
pram, escitalopram, paroxetine, and fluvoxamine. These drugs 
have largely been replaced by second-generation drugs. Antide- 
pressants account for 3.3%'“* and 5%” of patients in the DILIN 
registry and the Spanish registry, respectively. 

No particular gene polymorphism has been linked as a risk 
factor, although increasing use of polypharmacy in depressive 
disorders together with coprescription with drugs for other associ- 
ated illnesses may increase the risks of DILI. Coprescription may 
influence the same CYP system pathway, increasing the drug levels 
of the active ingredient or its metabolite, predisposing to DILI.” 

The tricyclics are metabolized by CYP2D6, and toxicity is 
more common in CYP2D6-poor metabolizers. Amineptine, no 
longer marketed, could also be metabolized by CYP3A4 to reac- 
tive metabolites that were more likely to cause an immunoallergic 
reaction. It was shown that amitriptyline and its N-dealkylated 
metabolite nortriptyline can be bioactivated by CYP2D6 and 
CYP3A4 to an arene oxide intermediate.” 

The monoamine oxidase inhibitors phenelzine and tranylcy- 
promine are also listed as causing hepatitis; however, no case 
reports of significant liver injury were found. Phenelzine, in par- 
ticular, is a potent inhibitor of hepatic CYPs, especially CYP3A4 
and CYP2C19.“° Iproniazid, withdrawn from the U.S. market in 
1956 because of hepatotoxicity, was associated with an antimito- 
chondrial antibody against an antigen different from that seen in 
primary biliary cirrhosis.” 

Selective serotonin reuptake inhibitors rarely cause liver injury. 
However, paroxetine has been reported to cause acute hepatitis in 
a small number of cases,” and for fluoxetine, citalopram, esci- 
talopram, fluvoxamine, and sertraline there have been a few case 
reports of liver damage, with only 2 of 30 being fatal.” 

Two newer serotonin and norepinephrine reuptake inhibitors 
(duloxetine and venlafaxine) have been reported” to cause 
DILI. Although duloxetine was estimated to have a likelihood 
of producing severe hepatic injury of only 0.7 in 100,000,”° in 
an analysis of 17,615 individuals, the incidence of serum ALT 
levels more than five times the ULN was 500 in 100,000.” 
Postmarketing surveillance identified 406 cases of presumed DILI 
from duloxetine in 2 years, of which 58 cases were judged to 
be clinically significant, with to fatalities: one in a woman also 
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taking mirtazapine and the second in a man with chronic alcohol 
abuse.” Thirty-one percent of patients had either preexisting 
liver disease or clinical risk factors for liver disease.” This led to 
a warning in the package insert that duloxetine “should ordinarily 
not be prescribed to patients with substantial alcohol use or evi- 
dence of chronic liver disease.” Seven additional cases of clinically 
important DILI attributable to duloxetine have been described 
from the DILIN registry.” Five of the cases were hepatocellular: 
two were cholestatic and three occurred in patients with preexist- 
ing chronic liver disease. In two patients, acute renal failure also 
occurred. Venlafaxine has been associated with less than a dozen 
cases of hepatotoxicity.” The outcome has generally been good, 
although two cases of fatal fulminant failure have been reported, 
the first due to an overdose” and the second associated with 
use of trazodone™’—an atypical antidepressant with far more 
reported hepatotoxicity.“ 

The other atypical antidepressants, besides trazodone, include 
bupropion (also FDA approved for nicotine addiction), mirtazap- 
ine, and nefazodone. Nefazodone, a phenylpiperazine, appears to 
be more hepatotoxic than the rest,” with an estimated incidence 
of liver failure of 1 in 250,000 patient-years of use, and of the 10 
reported cases 5 resulted in liver transplantation or death. Approx- 
imately 15 cases of nefazodone-induced liver injury have been 
described, with three cases of subacute hepatic failure.” Trazo- 
done, a chemical congener of nefazodone but introduced earlier 
and less hepatotoxic, also causes primarily a hepatocellular injury, 
and cholestatic and mixed-type injury, including immunoallergic 
injury.’ Mirtazapine has been implicated in a small number of 
cases. Presentations ranged from hepatocellular to mixed forms of 
hepatitis. No fatality has been reported.” 


Anxiolytic and Soporific Agents 


The anxiolytic benzodiazepines have been in use since the 1950s, 
and significant hepatotoxicity is rare. Although no hepatotoxicity 
is listed in the Epocrates database for alprazolam, midazolam, 
triazolam, lorazepam, or temazepam, in population surveys a few 
cases have been reported for some of these agents.” Diazepam, 
chlordiazepoxide, flurazepam, and oxazepam have all rarely been 
reported to cause various types of liver injury.” Although hepa- 
totoxicity is listed as the first serious ADR in Epocrates for clo- 
razepate, this appears to be based on only one 1979 case report. 
Similarly, for clonazepam, hepatotoxicity is listed as the second 
most serious ADR; however, this appears to be based on only one 
1988 case report. In general, all benzodiazepines appear not to 
cause DILI. This is also the case for the nonbenzodiazepine anx- 
iolytics buspirone and hydroxyzine. 

Despite widespread use of the four agents used in the treatment 
of insomnia—zaleplon, zolpidem, eszopiclone, and ramelteon— 
there is only one case of hepatotoxicity, reported in 1999, for 
zolpidem.” 


Agents Used in the Treatment of Parkinson 
Disease, Migraines, and Alzheimer Disease 


In 1998 tolcapone, a catechol O-methyltransferase inhibitor, was 
the first of its drug class to be approved for adjunctive therapy 
with levodopa in Parkinson disease (Table 56-10).”® Although no 
DILI was reported before its approval, subsequent clinical trials 
noted ALT level elevations more than three times the upper limit 
of normal in approximately 1% of patients receiving 100 mg of 
tolcapone per day, and 3% of those patients taking 200 mg/day.” 


WAJE Anti-Parkinson’s, Antimigraine, Anti- 
a Alzheimer’s, and Other Neurologic Drugs 
and Drug-Induced Liver Injury 


Reported to Cause Liver Injury 


Tolcapone (Tasmar) TALT, acute liver failure (4 cases) 


Methazolamide Only one 1981 case report 
Pergolide (Permax) Hepatitis in database, but no citations 


TALT common and must discontinue use or 
acute liver failure 


Tacrine (Cognex) 


Glatiramer (Copaxone) 
Riluzole (Rilutek) 


Hepatotoxicity in database, but no citations 
TALT, 3 cases of acute hepatitis 


Modafinil (Provigil) TALT in database, but no citations 


Gabapentin (Neurontin) 1 case of cholestasis 


Pregabalin (Lyrica) 1 case of hepatitis 


Varenicline (Chantix) 1 case of acute hepatitis 


Not Reported to Cause Liver Injury 


Amantidine (Symmetrel), benztropine (Cogentin), biperiden (Akineton), 
bromocriptine (Parlodel), carbidoba/levodopa (Sinemet), donepezil 
(Aricept), entacapone (Comtan), galantamine (Reminyl), memantine 
(Nameda), pramipexole (Mirapex), rivastigmine (Exelon), ropinirole 
(Requip), selegiline (Eldepryl), trinexyphenidy! (Artane), all the 
-triptans 


ALT, Alanine aminotransferase. 


Three fatal cases of ALF occurred in 1998 among 60,000 patients 
given the drug, which led to the drug’s withdrawal in Europe and 
Canada, and restrictions on its use in the United States.”*””” More 
than 90% of cases of serious toxicity occurred within 6 months of 
the start of therapy. Tolcapone, but not the subsequently approved 
catechol O-methyltransferase inhibitor entacapone, was shown to 
uncouple oxidative phosphorylation in rat liver mitochondria.” 
Oxidative metabolism by CYP1A2 and CYP2E1 may activate a 
tolcapone amine or acetylamine metabolite to a reactive species.“ 
In 2000 an expert panel suggested that tolcapone was safe to use 
with frequent ALT concentration monitoring during the first 
6 months of therapy, and that use of the drug should be dis- 
continued if the ALT level was twofold to threefold elevated.” 
Although tolcapone is the most effective drug in the catechol 
O-methyltransferase class, concerns of hepatotoxicity have rel- 
egated it to a second choice after nonresponse to entacapone.””’ 

Pergolide is a dopamine agonist approved for adjunctive 
treatment of Parkinson disease, and is also useful in the treat- 
ment of restless legs syndrome” and prolactinomas.”” Both the 
Epocrates database (http://www.epocrates.com) and the medi- 
cation’s package insert (http://www.pdr.net) mention abnormal 
ALT levels and hepatitis as possible ADRs. However, there are no 
literature reports of hepatotoxicity. 

Methazolamide, a carbonic anhydrase inhibitor used in the 
treatment of glaucoma, can also be used for therapy for essential 
tremor. The Epocrates database lists hepatic necrosis and dysfunc- 
tion as ADRs. However, only one possible case of hepatitis in 
association with red blood cell aplasia was reported, in 1981.°°° 
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Tacrine is an acetylcholinesterase inhibitor that has a mild 
beneficial effect on Alzheimer disease but can cause severe hepa- 
tocellular injury.” Analysis of multicenter clinical trials in the 
United States, France, and Canada”®”’” demonstrated that 25% 
of patients who take tacrine develop asymptomatic ALT level 
elevations more than three times the upper limit of normal, and 
2% of patients develop ALT level elevations more than 20 times 
the upper limit of normal usually within the first 6 to 12 weeks 
of therapy.” Eighty-eight percent were able to tolerate the drug 
when rechallenged.*® Hepatic abnormalities are usually reversible, 
and only one fatal case of hepatotoxicity has been reported, that 
of a 75-year-old woman who had taken tacrine for 14 months.”** 
Tacrine is metabolized by CYP1A2, and its mechanism of toxicity 
has been suggested to involve a hypoxia-reoxygenation injury 
mediated via the sympathetic nervous system” and an alteration 
in membrane fluidity that is not related to lipid peroxidation.” 

Glatiramer is an injectable preparation of synthetic polypep- 
tides related to myelin basic protein and has been used in treat- 
ment of multiple sclerosis. Reports of hepatotoxicity associated 
with its use have been published.”””’* Some of them have been 
associated with autoimmune markers,’ whereas others have 
not.’ It has been speculated that glatiramer may unmask hepa- 
titis; suggestions that liver biochemical test results be monitored 
at regular intervals have been made. 

Riluzole is a disease-modifying centrally acting glutamate 
antagonist. It has been used in Europe since 1995 and was the 
first drug to be approved by the FDA for amyotrophic lateral 
sclerosis. ALT level elevation has been reported in 9% of exposed 
individuals that resolved with either continued use of the drug or 
withdrawal of the drug.” It is regarded as relatively safe, although 
cases of acute hepatitis have been reported””””’ and biopsies 
showed inflammation and microvesicular steatosis. No deaths 
attributable to hepatic failure have been reported. 

Modafinil, a central nervous system stimulant, is approved for 
narcolepsy and sleep apnea, and is listed in the Epocrates database 
as causing elevated concentrations of aminotransferases. However, 
despite widespread use, no instance of clinically apparent liver 
injury has been reported. 

Varenicline is an agent now very widely used for smoking ces- 
sation. Since its approval in 2006, two cases of reversible acute 
liver injury, 5 days and 4 weeks after initiation of therapy, have 
been reported.””*’” Both cases were confounded by the presence 


of hepatitis C together with alcoholic liver disease in the latter 
278,279 
se. 


Antidiabetic Agents 


There has been a worldwide increase in the incidence and preva- 
lence of diabetes mellitus, contributed in part by the obesity 
epidemic. Correspondingly there has been growth in the antidia- 
betic drug armamentarium; eight classes of medications are 
now available besides insulin for treatment of diabetes mellitus 


(Table 56-11).”*° 


Sulfonylureas 

As a group, the sulfonylureas have a very low incidence of hepato- 
toxicity. The second-generation sulfonylureas have largely replaced 
the first generation because of a good safety record together with 
lack of disulfiram-like reactions associated with the first-generation 
agents. Hepatotoxicity, although rare, has been described for 
almost all of the sulfonylureas, including the second-generation 
agents (gliclazide, glimepiride, glipizide, glyburide).*'** 


TABLE 
56-11 
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Drugs for Treatment of Type 2 Diabetes Mellitus and Their Hepatotoxic Potential 


Sulfonylureas First generation: tolbutamide, Stimulates insulin secretion Yes 

chlorpropamide. 

Second generation: glipizide, 

glyburide, glimepiride, gliclazide 
Glinides Repaglinide, nateglinide Stimulates insulin secretion Yes 
Biguanides Metformin Inhibits hepatic glucose production and Yes 

lowers insulin resistance 
Glitazones Troglitazone, rosiglitazone, Binds to PPAR-y in liver, fat cells and Yes 
(thiazolidinediones) pioglitazone muscles; decreases insulin resistance 

a-Glucosidase inhibitors Acarbose, miglitol Decreases glucose absorption in GIT Yes 
Dipeptidyl peptidase 4 Sitagliptin, saxagliptin, linagliptin, Prolongs activity of GLP-1, increases insulin Yes 


inhibitors (gliptins) alogliptin 


release; decreases glucagon content 


Incretin mimetic (GLP-1 
receptor agonist) 


Exenatide, liraglutide 


Increases glucose-dependent insulin 
release; slows gastric emptying 


No published report 
of hepatotoxicity 


Sodium-glucose 
cotransporter 2 
inhibitors 


Canagliflozin, dapagliflozni, 
empagliflozin 


Inhibits almost 90% of renal glucose 
re-absorption leading to unabsorbed 
glucose being eliminated through urine 


No published report 
of hepatotoxicity 


GIT, Gastrointestinal tract; GLP-7, glucagon-like peptide 1; PPAR-y, peroxisome proliferator—activated receptor y. 


The pattern of injury has ranged from hepatocellular injury to 
cholestatic injury. Recovery is usual with withdrawal, although 
fatalities have been described particularly with first-generation 
agents. 


Biguanides 

Metformin is the only biguanide medication still available for use. 
Metformin forms the cornerstone of therapy and may be used 
alone or in combination with other agents, including insulin. 
Clinically significant liver injury is very rare, although case reports 
linking metformin to liver injury including following rechallenge 
have been reported.****** Resolution of hepatitis occurs with with- 
drawal of the drug. 

Metformin’s risk of lactic acidosis is lower, and the drug is 
considered safe as long as dose adjustments are made for renal 
impairment, liver impairment, surgery, and the use of radiologic 
contrast material.” 


Mitiglinide Analogs 

Repaglinide and nateglinide are insulin secretagogs, considered 
safe agents with minor side effects. Since its approval, repaglinide 
has been the subject of three case reports of cholestatic hepatitis 
that have been self-limiting after withdrawal of the drug.””°?”?*” 
Because repaglinide is metabolized by CYP2C8, caution is advised 


when inhibitors of this CYP, such as trimethoprim, are also 
288 
used. 


a-Glucosidase Inhibitors 

Inhibition of O-glucosidase inhibitors delays the digestion of 
carbohydrates by inhibiting the membrane-bound enzyme 
-glucosidase in the intestinal brush border. Examples include 
acarbose and miglitol; the former has been linked to instances 


of hepatitis 2 to 8 months after initiation of its use.” Recovery 
is complete after withdrawal of the drug. No instances of liver 
failure or chronicity have been reported. Miglitol does not cause 
liver injury. 

Thiazolidinediones (glitazones) are peroxisome proliferator— 
activated receptor y agonists that have complex metabolic effects 
on adipose cells, myocytes, and hepatocytes to improve overall 
insulin sensitivity.” Troglitazone was the first of this class to reach 
the market, in 1997, but was withdrawn in 2000 after a large 
number of cases of serious hepatotoxicity, a number of which were 
fatal or required liver transplant.” Analysis of postmarketing and 
other data by FDA reviewers estimated a high risk of liver failure 
(1 in 600 to 1 in 1500) at 26 months of troglitazone use.” The 
other two agents, pioglitazone and rosiglitazone, introduced in 
1999, have a lesser tendency to cause hepatotoxicity, although 
cases have been reported.*'**?***” In an analysis of 13 clinical 
trials,’ the frequency with which troglitazone caused increases 
in serum ALT levels to more than three times the ULN was 
1.91%, compared with only 0.26% for pioglitazone and 0.17% 
for rosiglitazone. Furthermore, 0.68% of the participants taking 
troglitazone developed serum ALT levels more than 10 times the 
ULN, whereas none developed such increases while taking the 
other agents. The liver injury pattern secondary to rosiglitazone 
and pioglitazone use manifests itself as hepatocellular, mixed, and 
cholestatic hepatitis, including rare instances of ALF leading to 
death or liver transplant. In a 10-year period from 1997 to 2006, 
the FDA adverse event reporting system received information on 
21 cases of ALF secondary to rosiglitazone-induced (7 = 11) and 
pioglitazone-induced (7 = 10) DILI, with only 14% of patients 
recovering spontaneously, with most dying (81%) and one person 
receiving a liver transplant.” Non-ALF acute liver injury usually 
resolves with withdrawal of the implicated drug. No chronicity 
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has been reported. Rosiglitazone has been linked to increased risks 
of myocardial infarction and has been placed under restricted 
access by the FDA.” 

The mechanism of liver injury for troglitazone is unknown. 
The drug undergoes metabolism, probably by CYP3A4 and to a 
lesser extent CYP2C8, to a reactive sulfonium ion that covalently 
binds to microsomal protein and GSH. A reactive metabolite may 
also adversely affect basolateral organic anion transporters.””* 
However, the parent drug is also hepatotoxic. The clinical presen- 
tation of hepatotoxicity in the reported cases was generally 
delayed, with a mean presentation after 4 months of use.” 

Dipeptidyl peptidase 4 inhibitors are incretin enhancers that 
by inhibition of dipeptidyl peptidase 4 prevent the degradation 
of glucagon-like peptide 1, a gastrointestinal hormone that 
increases insulin secretion. The four agents in this class are alo- 
gliptin, linagliptin, saxagliptin, and sitagliptin. All except lina- 
gliptin are renally excreted and well tolerated, including in those 
with chronic liver disease. Self-limiting elevations of aminotrans- 
ferase levels may occur.*”’ Reports of hepatotoxicity are rare and 
include two cases of clinically significant hepatotoxicity following 
sitagliptin exposure that resolved with withdrawal.’ One of 
these cases was confounded by the presence of hepatitis C. Lina- 
gliptin is unique among dipeptidyl peptidase 4 inhibitors in 
having a long half-life and biliary excretion. 

Incretin mimetics (glucagon-like peptide receptor agonists) 
and sodium-glucose cotransporter 2 inhibitors are drugs intro- 
duced recently, with no reported cases of liver injury thus far. 


Antimicrobial Agents: Antifungals, 
Antiparasitics, Antimalarials, 
and Antituberculars 


Antimicrobial agents are among the most common drugs associ- 
ated with DILI (Table 56-12). In the U.S. DILIN registry, anti- 
microbial agents (antibacterial, antiviral, and antitubercular 
drugs) are the most common class of drugs, accounting for 45.5% 
of cases.“ Similarly, in a Spanish prospective study, antimicrobial 
agents were the most common class of drugs, accounting for 32% 
of cases, with amoxicillin-clavulanate as the most common drug.” 
Although serious DILI from antimicrobial agents is rare (esti- 
mated incidence of 0.03%), patients who develop jaundice requir- 
ing hospitalization from DILI caused by antimicrobial agents have 
a high mortality. ”™* Severe DILI led to a black box warning for 
telithromycin and removal from the market of trovafloxacin in 
the United States.°” 


Antifungals 

Amphotericin B 

Clinically significant hepatotoxicity is rare although hepatotoxic 
reactions can range from asymptomatic self-limiting abnormali- 
ties to severe liver disease.°°°°” In one review, ALT level elevation 
was reported in 3% to 19% of patients who received ampho- 
tericin.’° Patients receiving amphotericin generally have other 
comorbidities, and concomitant medications used may cause con- 
fusion in causality assessment.” Hepatotoxicity may also occur 
after challenge with a different formulation. *” A study of bone 
marrow transplant recipients reported that one third of recipients 
developed marked increases in bilirubin levels after treatment with 
liposomal amphotericin, compared with 8% of recipients treated 
with flucanazole.*** Nevertheless, nephrotoxicity from ampho- 
tericin is its most important toxic side effect (see Table 56-12). 


wA=)8-) Antifungal, Antiparasitic, and Antitubercular 
aie Drugs and Drug-induced Liver Injury 


Reported to Cause Liver Injury 


Antifungals 


Ketoconazole (Nizoral) Hepatitic > cholestatic 


Fluconazole (Diflucan) Hepatitic, cholestatic? 
Itraconazole (Sporanox) Cholestatic, hepatitic 
Voriconazole (Vfend) Too new, incidence unknown 
Terbinafine (Lamisil) Cholestatic > hepatitic 
Griseofulvin Very low incidence 


Caspofungin (Cancidas) Too new, incidence unknown 


Flucytosine (Ancobon) Hepatitic 
Antiparasitics 
Thiabendazole (Mintezol) Cholestatic > hepatitic 
Mebendazole (Vermox) TALT 
Albendazole (Albenza) TALT 
Antimalarials 
Pyrimethamine-sulfadoxine (Fansidar) Very rare 
Amodiaquine (not available in United Very rare 

States) 
Antituberculars 
Isoniazid Idiosyncratic hepatitic 
Rifampicin Idiosyncratic hepatitic 
Pyrazinamide Idiosyncratic hepatitic 


Ethambutol (Myambutol) Doubtful 


Dapsone Idiosyncratic hepatitis 


Rifapentine (Priftin) Idiosyncratic hepatitic 


Ethionamide (Trecator-SC) Idiosyncratic hepatitic 


Not Reported to Cause Liver Injury 
Antifungals 


Amphotericin (only mild TALT), clotrimazole (Mycelex), miconazole 
(Monistat), nystatin (Mycostatin) 


Antimalarials 

Chloroquine (Aralen), hydroxychloroquine (Plaquenil), primaquine, 
mefloquine (Lariam; +TLFT values), atovaquone/proguanil 
(Malarone; +TLFT values), pyrimethamine (Deraprim) 

Antiparasitics 

Pentamidine (Pentam), atovaquone (Mepron), praziquantel (Biltricide), 
pyrantel (Antiminth), ivermectin (Stromectol; +TLFT values), 
nitazoxanide (Alinia) 

Antituberculars 

Streptomycin, rifabutin (Mycobutin), cycloserine (Seromycin; +TLFT 
values) 


ALT, Alanine aminotransferase; LFT, liver function test. 


Ketoconazole and Other Azoles 

Ketoconazole is an imidazole oral antifungal drug and a potent 
competitive inhibitor of hepatic CYP3A.*””"® This latter property 
has probably led to more ADRs than to direct hepatotoxicity. 
However, shortly after its introduction in 1981, ketoconazole 
was noted to cause an acute hepatitic or mixed form of acute 
liver injury, often with jaundice, which was more common in 
women and elderly patients.*'’*'’ Pure cholestatic injury occurred 
in 10% of cases. Evidence of allergy was rare. Injury was noted 
on average after 8 weeks of therapy. Fatalities were uncommon, 
and were usually associated with continued use of the drug. A 
prospective cohort study’ showed that 18% of patients have 
transient asymptomatic elevations of serum ALT levels that nor- 
malize with continued therapy (adaptation) but 3% develop clini- 
cal hepatitis. Another cohort study’ tracked acute liver injury in 
more than 69,000 patients taking various oral antifungal drugs 
and found the following incidences: 1 in 750 person-months for 
ketoconazole; 1 in 10,000 person-months for itraconazole; 1 in 
40,000 person-months for terbinafine. Although ketoconazole’s 
idiosyncratic injury is not considered to be immune mediated, 
a report of a woman developing severe hepatitis just 48 hours 
after an unintentional rechallenge suggests that an immune reac- 
tion can occur.” Another case report suggests that cirrhosis may 
develop despite withdrawal of the drug and resolution of acute 
liver injury.” 

The mechanism of ketoconazole liver injury appears to involve 
formation of an V-deacetyl metabolite that is converted to a toxic 
dialdehyde by the flavin-containing monooxygenases.”'*”'? The 
treatment is drug use cessation, and ursodeoxycholate may help 
prevent progressive cholestatic injury.” 

The use of ketoconazole is likely to drop with the FDA drug 
safety communication in 2013 limiting the use of ketoconazole 
tablets because of the potential for fatal liver injury and the risk 
of drug interactions leading to hepatotoxicity even in healthy 
individuals. 

Itraconazole, a less potent CYP3A inhibitor than ketocon- 
azole,’ also causes less hepatotoxicity.”’” In a pharmaceutical 
database study of more than 54,000 itraconazole and fluconazole 
users,’ “serious adverse liver events” were reported for only 1 in 
30,000 prescriptions for either drug. If itraconazole was given as 
pulse therapy (e.g., 1 week/1 month for many months), then no 
serious hepatotoxicity was found.” However, ALF leading to liver 
transplant followed by death has been reported after pulse itra- 
conazole therapy. Further, three cases of cholestatic liver injury 
were reported in patients taking itraconazole long term. These 
patients presented with jaundice, and ductopenia was noted in 
two of the three biopsies.°”? Focal nodular hyperplasia has been 
linked to itraconazole in one patient who had been taking the 
drug for 4 months.” Fluconazole is considered very safe, with 
only 5% of 562 children developing transient elevations of serum 
ALT levels.’” In some reports of DILI, fluconazole was found to 
have been administered with nitrofurantoin®”® or amphotericin 
B.°” Voriconazole, a broad spectrum antifungal that is prescribed 
for treatment of invasive aspergillosis, has been linked to cases of 
clinically significant hepatotoxicity, including ALF. In one study 
of 69 patients with severe liver disease, elevated levels of amino- 
transferases, cholestasis, or both was seen in 35%, 15%, and 45% 
of patients, respectively.*”* Risk factors include high loading doses 
particularly in the presence of liver disease.” Rechallenge is gen- 
erally avoided. However, when faced with limited or no alterna- 
tives, successful rechallenge with slow dose escalation has been 
reported.” Overall, the incidence of hepatotoxicity is probably 
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still low. However, recent safety reviews suggest that both liver 
function test results and visual changes should be monitored in 
patients using voriconazole.*'*” 


Terbinafine 

This allylamine antifungal has replaced pulse itraconazole for the 
treatment of onychomycosis, and is widely advertised. The inci- 
dence of hepatobiliary dysfunction in postmarketing surveillance 
has been reported to be as low as 1 in 40,000.°””*”? However, some 
case reports”? suggest a higher incidence with a predominance 
of cholestatic reactions, including one liver transplant patient who 
was initially thought to have acute rejection 5 years after his 
transplant.” Toxicity can be seen as early as after 1 week of 
use.” The mechanism of injury might be the formation of an 
N-dealkylated allylic aldehyde that is conjugated with GSH and 


transported across the canalicular membrane.” 


Griseofulvin 

This older antifungal agent has been the mainstay of therapy for 
tinea capitis but may now be supplanted by the newer antifungals 
that require only 2 to 3 weeks of therapy instead of 6 weeks.” 
Although gastrointestinal side effects of the drug are common, 
only one case report from 1976 described griseofulvin hepatotox- 
icity.” A more recent prospective study’ showed no liver test 
abnormalities in 74 patients treated for 3 months. 


Caspofungin 

This echinocandin antifungal is the first of its kind to be approved 
and is available only for intravenous use. It can be used by itself 
or with liposomal amphotericin B, or with voriconazole for refrac- 
tory invasive aspergillosis and candidiasis in immunosuppressed 
patients*’'*'*°; however, it is not an effective agent in the treat- 
ment of cryptococcus infection. The drug inhibits fungal cell wall 
B-(1,3)-glucan synthesis. It appears to be metabolized by hepatic 
CYPs and may inhibit CYP3A4.*“* Caution is therefore required 
when it is used with cyclosporin A*” and other calcineurin inhibi- 
tors. However, nelfinavir did not alter its pharmacokinetics. "° 
Because of a paradoxic loss of efficacy against Candida spp. at high 
concentrations,” it may best be used for complicated infections 
in combination with other drugs. Because phase 1 and phase 2 
trials commonly reported elevated concentrations of liver 
enzymes,” its long-term safety and incidence of hepatotoxicity 
are still to be determined. 


Flucytosine 

This oral antifungal, available since the 1970s, is known to cause 
elevations of serum ALT levels in 5% to 15% of patients.*”” Its 
mechanism of hepatic injury is unknown but appears to be dose 
related.” Clinically significant hepatitis has not been reported. 
Its main use currently is for the treatment of severe fungal infec- 
tions. It has been used successfully in combination with flucon- 
azole” for treatment of cryptococcosis in a liver transplant 
patient. Because its use is so limited, it is doubtful that its mecha- 
nism of hepatotoxicity will ever be known. 


Antimalarials 


The toxic effects of most antimalarials, such as chloroquine and 
hydroxychloroquine, are chiefly neurologic and hematologic. 
However, pyrimethamine-sulfadoxine*”*”’ and amodiaquine’?! 
have been associated with DILI and ALF when use of the drugs 
has been continued after the onset of jaundice. The incidence of 
serious hepatotoxicity is estimated to be 1 in 11,000 to 1 in 


15,000.* Amodiaquine is not available in the United States but 
is widely used in countries with endemic malaria where drug- 
resistant strains are a problem.” 


Benzimidazole Antiparasitics 


Thiabendazole, mebendazole, and albendazole all seem to occa- 
sionally cause elevations of serum ALT levels’; however, only 
thiabendazole, available since 1964, has been reported to cause a 
cholestatic hepatitis that has led to ductopenia and cirrhosis.” 
The incidence appears to be low but has not been determined, 


and no case reports have appeared recently. 


Antituberculars 

Isoniazid, Rifampicin, and Pyrazinamide 

Isoniazid, available since the 1960s, is well known to be a hepa- 
totoxic drug that causes asymptomatic elevation of the levels of 
aminotransferases in up to 20% of individuals, an idiosyncratic 
hepatitic reaction leading to overt clinical hepatitis in 0.3% to 
1.0% of patients, and ALF in 0.01% of patients.” It is the 
second most common drug responsible for ALF requiring liver 
transplant in the United States.'*! Its hepatotoxicity increases 
when it is used in combination with other first-line agents, such 
as rifampicin and pyrazinamide, in the treatment of tuberculo- 
sis.” Hepatotoxicity is common in the first 2 months of therapy 
in most cases although the risk of hepatotoxicity persists through- 
out the course of treatment.*” In patients with jaundice, mortality 
is approximately 12.3%.*° Despite the risks, isoniazid continues 
to be used because it is still the most effective agent for Mycobac- 
terium tuberculosis therapy.” For patients with latent tuberculosis, 
the use of isoniazid monotherapy for 6 or 9 months is considered 
the therapy of choice,**' but adherence is often low’ (<65%). 
A 2-month course of isoniazid, rifampicin, and pyrazinamide, 
given twice weekly, was shown to improve adherence, but was 
three times more likely than isoniazid alone to cause serious 
hepatotoxicity.” Therefore this drug combination is unlikely 
to supplant isoniazid although there have been attempts at reduc- 
ing the treatment duration with rifampicin monotherapy.” A 
regimen including rifampicin and pyrazinamide has led to unac- 
ceptably high mortality, leading to warnings against the use of 
thiscombination.°“ 

Overt hepatotoxicity usually occurs within 6 to 8 weeks of 
isoniazid monotherapy or with combination therapy but can 
occur as early as within a few days.” When isoniazid is used 
with rifampicin and pyrazinamide, hepatotoxicity beginning after 
4 weeks is more ominous than early toxicity.” Histologic changes 
resemble those of acute hepatitis A or B, and include diffuse 
lobular inflammation with ballooning or confluent necrosis, and 
occasionally macrovesicular fat.” 

The mechanism of isoniazid hepatotoxicity involves the forma- 
tion of acetylisoniazid, which is hydrolyzed to monoacetylhydra- 
zine. It is hypothesized that CYP2E1 then activates the 
monoacetylhydrazine to a toxic metabolite. The exact mechanism 
of toxicity remains unclear, and is complicated by the fact that 
isoniazid is often used with other agents. Isoniazid itself appears 
to inhibit a number of human CYPs, including CYP1A2, 
CYP2A6, CYP2C19, and CYP3A4,” ° whereas rifampicin is a 
potent inducer of CYP2B6,”? CYP2C8,*”* CYP2C9,*” CYP3A4, 
and CYP3A5,”” as well as some phase II enzymes, all via activa- 
tion of pregnane X receptor. Pyrazinamide does not appear to 
inhibit CYPs””’; the mechanism used by pyrazinamide to enhance 
toxicity with isoniazid or rifampicin also remains unknown. 
Studies with regard to the influence of the /V-acetyltransferase 2 
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gene (NAT2) have persistently shown the association of slow 
acetylation with DILI. Huang etal.” in their study of 224 
patients with tuberculosis identified slow acetylator status as a risk 
factor for DILI with an odds ratio of 3.66. NAT2*6/*6 and 
NAT2*6/*7 genotypes were associated with slow acetylation and 
liver injury from antitubercular drugs. Shimizu et al.” also 
reported that the NAT2 genotype associated with slow acetylation 
was associated with liver injury from isoniazid. Eighty percent of 
slow acetylators and 9.1% of rapid acetylators developed AST or 
ALT level elevations more than twice the ULN (p < 0.05). A 
meta-analysis of 14 studies comprising 474 cases and 1446 con- 
trols also demonstrated the strong association between slow acety- 
lator status and DILI, with an odds ratio of 4.7.” Polymorphisms 
in GSTTI and GSTM1 have been associated with liver injury 
from isoniazid.” In a study of 37 participants, there was a higher 
prevalence of the null mutation for GSTM1 in patients who 
developed liver injury from isoniazid compared with controls 
(52% vs. 24%, p < 0.05). 

Besides slow acetylator status, age is the next most important 
predictor of hepatotoxicity. Liver injury attributable to antituber- 
cular drugs is common in the elderly but has been well described 
(including severe hepatotoxicity and deaths) in children in Japan 
and India.” Other variables—including female sex; underly- 
ing liver disease related to alcohol, hepatitis B, and hepatitis C; 
malnutrition and concomitant hepatotoxic drug exposure—have 
been variably implicated in increasing the incidence of severe 
hepatotoxicity. >“ 

In an effort to avoid overt hepatitis, complex algorithms have 
been developed**! that include baseline laboratory testing for all 
but the healthiest young (<35 years) non—HIV-infected adults, 
and monitoring at 4- to 8-week intervals if the patient is taking 
isoniazid alone or combination treatment with rifampicin and/or 
pyrazinamide is recommended.” Use of isoniazid or the combi- 
nation drugs should be stopped if ALT levels become more than 
three times the ULN with symptoms, or more than five times 
the ULN without symptoms. Patients must be advised to look 
for side effects and report them immediately. If overt clinical 
hepatitis develops, all therapy must be stopped. Because antitu- 
bercular therapy must usually be resumed, sequential treatment 
is recommended, starting with rifampicin followed by isoniazid 
with or without pyrazinamide.**' Singanayagam et al.**’ prospec- 
tively assessed the American Thoracic Society risk factor approach 
versus a uniform policy of liver function testing in all patients 
at 2 weeks. They found both to be suboptimal, although the 
latter may be useful for identification of a subgroup who develop 
early DILI who are not identified by the risk factor monitoring 
approach.” Frequent monitoring is complicated by identifica- 
tion of cases of adaptation, which are sometimes difficult to dis- 
tinguish from those of DILI, often resulting in interruption of 
treatment." 


Ethambutol 

This agent is almost always used in combination with isoniazid, 
rifampicin, and pyrazinamide to treat active tuberculosis. Although 
fatal hepatotoxicity is listed as a rare adverse event in the drug 
databases, a specific citation was found for one patient who pre- 
sented with cholestatic jaundice that recurred on rechallenge with 
ethambutol but not with isoniazid,’ suggesting ethambutol has 
significant hepatotoxicity. Because ethambutol is almost always 
given as part of a multidrug regimen with other known hepato- 
toxic agents, liver injury ascribed to ethambutol would be difficult 
to identify and characterize. 


Dapsone 

Dapsone is used for various disorders, such as dermatitis herpeti- 
formis, leprosy, malaria, and Pneumocystis carinii pneumonia in 
HIV-infected patients. It is metabolized by CYP2E1 and CP2C 
isoforms’ to a hydroxylamine that can cause hemolysis, methe- 
moglobinemia, and agranulocytosis.’ Dapsone given daily is 
combined with rifampicin given monthly for Hansen disease and 
is a common cause of DILI in India. This is often associated with 
hypersensitivity reaction such as rashes, fever, lymphadenopathy, 
and esosinophilia.““! A cutaneous syndrome is also described*” 
that is often associated with mild hepatotoxicity. When dapsone 
is given with pyrimethamine, the rate of serious hepatotoxicity 
has been estimated to be low, only 1 in 75,000.*” 


Rifapentine 

It is hoped that this long-acting cyclopental derivative of rifam- 
picin, which can be given once or twice weekly, will improve 
adherence to antitubercular treatment regimens. It has been 
shown to be safe and effective in HIV-negative pulmonary tuber- 
culosis patients,””*’' and no dosage adjustments are required 
in patients with cirrhosis.’ However, in one study of its use 
with isoniazid, the incidence of adverse events was twice as 
high with rifapentine as compared with rifampicin.” Because 
rifapentine is also an inducer of CYPs, it has significant drug 
interactions. Hepatotoxicity is listed in the drug databases, with 
an incidence of serum ALT level elevations during combina- 
tion tuberculosis therapy being slightly less than that found with 
rifampicin. 


Ethionamide 

Ethionamide is used as a second-line agent in the treatment of 
tuberculosis in combination with other first-line drugs. Although 
it is rarely used, hepatotoxicity was recognized and reported in 
the 1960s.*”* Because it is related to isoniazid, its toxicity is prob- 
ably attributable to an idiosyncratic hepatitis. Ethionamide has 
also been studied in leprosy, and DILI that occurred during the 
exposure did not require discontinuation of therapy.” 


Antimicrobials: Antivirals 


Anti-HIV Agents 


With the development of effective antiviral agents for HIV and 
the dramatic decrease in mortality from AIDS in the 1990s, 
primarily attributable to the development of highly active anti- 
retroviral therapy (HAART), liver disease in HIV patients has 
emerged as an important cause of morbidity and death. The main 
culprits in promoting liver disease in this population are believed 
to be sequelae of coinfection with HIV and hepatitis B virus 
and/or hepatitis virus C, fatty liver disease, DILI, and hepatocel- 
lular carcinoma liver injury.” Liver damage by hepatitis B is 
probably well controlled with a tenofovir-containing regimen, 
which is a component of most HAART regimens. Hepatitis C 
treatment now involves directly acting antivirals, which have 
replaced interferon-based regimens. The myriad drugs available 
for treatment of infection with HIV, hepatitis B virus, and hepa- 
titis C virus with their potential for interaction have made DILI 
a major cause of morbidity and death.“ Therefore the increasing 
incidence of liver failure in HIV patients could be drug related 
(Table 56-13).494% 

Serious or severe drug-related ADRs occurred in 16% of 
patients in one large study“ but very few of these were liver 
related, despite 20% of patients having asymptomatic increases in 
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serum ALT levels. Characterizing DILI is difficult in this complex 
patient population; typically, these patients not only take multiple 
therapeutic drugs and herbal remedies but also have a high inci- 
dence of alcoholism (in those patients with a history of intrave- 
nous drug abuse) and hepatitis C coinfection and concomitant 
with frequent opportunistic infections. Several comprehensive 
reviews of the hepatic injury from these agents have been 
published 0404406409 

Regular monitoring of liver function test results is considered 
mandatory for patients beginning HAART,“ with monthly 
testing for the first 3 months and then testing every 3 months 
thereafter. Avoidance of alcohol should always be recommended. 
Asymptomatic increases in serum ALT levels that are less than five 
times the ULN are considered relatively safe but must be checked 
monthly until the levels have returned to normal, and other causes 
of hepatitis should be investigated. If serum ALT levels are more 
than five times the ULN without symptoms, monitoring should 
be done every 2 weeks. However, if clinical symptoms exist, or if 
serum ALT levels are more than 10 times the ULN, especially 
with lactic acidosis, HAART and therapy with other potentially 
hepatotoxic drugs must be discontinued. 

The advent of newer antiretroviral drugs, better understanding 
of existing drugs, and better monitoring schedules have reduced 
the incidence of hepatotoxicity. The newer antiretroviral drugs 
have low risks of hepatotoxicity.“ A study that reported informa- 
tion on hepatotoxicity found any enzyme level elevation in 9% 
of patients, whereas grade 3 or grade 4 enzyme level elevation was 
seen in only 0.4% of patients. The lowest rates were found with 
etravirine and raltegravir.*"° 


Nucleoside Analog Reverse Transcriptase Inhibitors 

The most ominous toxic effect of nucleoside analog reverse tran- 
scriptase inhibitors (NARTIs) is the development of mitochon- 
drial toxicity that leads to lactic acidosis and liver failure, similar 
to Reye syndrome.“ It is thought that depletion of mitochon- 
drial DNA by NARTIs causes the mitochondrial dysfunction. 
This supposition was strengthened by findings that stavudine, 
didanosine, and zalcitabine, which are known to deplete mito- 
chondrial DNA in cultured hepatocytes,“'! are associated with 
lower mitochondrial DNA levels in liver biopsy samples and 
higher serum lactate levels in patients coinfected with HIV and 
hepatitis C virus compared with patients taking zidovudine, lami- 
vudine, and abacavir, which do not deplete mitochondrial DNA 
levels.*'*? DILI from NARTIs usually occurs within the first 9 
months, although elevations of liver function test values may 
occur later. Severe grade 3 or grade 4 toxicities occur in between 
2% and 13% of exposed individuals, and all NARTIs carry a 
liver-related black box warning.“ Stavudine is associated with 
more cases of lactic acidosis than other NARTIs*"’ but all have 
been associated with cases of microvesicular steatosis and liver 
failure.“ Some experts”*“*“!°“" advise the use of coenzyme Q 
(30 mg to 60 mg three times daily), carnitine (1 g/day to 3 g/ 
day), riboflavin (50 mg/day), and/or thiamine (100 mg/day) in 
the event of lipoatrophy or severe lactic acidosis but most of 
these interventions have not been studied in the setting of liver 
failure. Abacavir has been associated with a hypersensitivity reac- 
tion characterized by fever and generalized rash. There has been 
an association with HLA-B*5701, and testing for HLA-B*5701 is 
recommended before initiation of abacavir therapy particularly in 
the United States. Minor elevations of the levels of aminotransfer- 
ases during hypersensitivity reactions may occur. However, DILI 
without hypersensitivity features is uncommon, although two 
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Anti-HIV, NARTIs 


Lamivudine (Epivir) Mitochondrial (low incidence) 


( 
Zidovudine (Retrovir) Mitochondrial (low incidence) 
Didanosine (Videx) ( 
Stavudine (Zerit) ( 


Mitochondrial (higher incidence) 
Mitochondrial (higher incidence) 
Emtricitabine (Emtriva) Mitochondrial (low incidence) 


Hypersensitivity reaction (HLA-B*5707 
related, mitochondrial (low incidence) 


Abacavir (Ziagen) 


Zalcitabine (Hivid) 


Mitochondrial (higher incidence) 


Amprenavir (Agenerase) TALT 
Lopinavir (Kaletra, with ritonavir) TALT 
Saquinavir (Fortovase, Invirase) TALT 


Indinavir (Crixivan) TALT and inhibits UDPGT (indirect 


hyperbilirubinemia) 


TALT and inhibits UDPGT (indirect 
hyperbilirubinemia) 


TALT 
TALT and most potent CYP3A4 inhibitor 


Atazanavir (Reyataz) 


Nelfinavir (Viracept) 
Ritonavir (Norvir) 
Fosamprenavir (Lexiva) TALT 


Darunavir TALT; liver failure reported. 


Anti-HIV, NNRTIs 
Efavirenz (Sustiva) 


TALT 
Nevirapine (Viramune) TALT 


Delavirdine (Rescriptor) TALT; immune features? 


Etravirine TALT; rare 
Rilpivirine - 
Anti-HIV, Anti-HBV NARTIs 

Tenofovir (Viread) Very rare 
Adefovir (Hepsera) Very rare 
Fusion Inhibitors 

Enfuvirtide TALT 


CCR5 blockers 
Maraviroc TALT; liver failure reported 


Integrase Inhibitors 


Raltegravir TALT, low 
Anti-CMV 
Cidofovir (Vistide) Very rare 


Not Reported to Cause Liver Injury 


Anti-CMV: ganciclovir (Cytovene; +TLFT values), foscarnet (Foscavir), 
valganciclovir (Valcyte) 

Anti-herpes virus: acyclovir (Zovirax), famciclovir (Famvir), valacyclovir 
(Valtrex) 

Anti-influenza virus: amantidine (Symmetrel), rimantadine (Flumadine), 
zanamivir (Relenza), oseltamivir (Tamiflu) 


ALT, Alanine aminotransferase; CYP cytochrome P450; CMV, cytomegalovirus; HBV, hepatitis B virus; LFT, liver function test; MARTI, nucleoside analogue reverse transcriptase inhibitor; NVAT/, nonnucleo- 
side reverse transcriptase inhibitor; P/, protease inhibitor; UDGPT, uridine diphosphoglucuronosyltransferase. 


cases have been reported. Abnormal liver test values returned to 
normal after cessation of treatment with abacavir, which was sus- 
pected as the cause of the abnormal values, but only after cessation 
of nevirapine therapy was unsuccessful in normalizing the levels of 
aminotransferases.“ This class of drugs should not be used with 
ribavirin. Noncirrhotic portal hypertension due to nodular regen- 
erative hyperplasia following exposure to didanosine, stavudine, 
or the combination has been described in a case-control study of 
13 patients.“ Resolution of disease may or may not occur with 
withdrawal of the implicated agent. 


Protease Inhibitors 

The introduction of protease inhibitors (PIs) in the 1990s marked 
the beginning of HAART and control of HIV infection. All 
of the PIs (see Table 56-13) are used in combination with other 
antivirals, and increased serum ALT or AST levels of more than 
five times the ULN occurred in 1% to 9.5% of patients during 
the original registration trials.” The degree of elevation of the 
levels of aminotransferases may be higher in individuals coinfected 
with HIV and hepatitis C virus. Ritonavir used in higher doses 
caused liver injury more frequently than the other agents, and is 


now given in lower doses in combination with other PIs to boost 
drug levels. A characteristic of all Pls is that they are metabolized 
by and are inhibitors of hepatic CYPs, primarily CYP3A4, and 
ritonavir is the most potent.*'’ Furthermore, all PIs, except pos- 
sibly indinavir, appear to be mechanism-based inhibitors of CYP, 
which means they irreversibly inactivate the enzyme. Nelfinavir 
may also affect CYP2C19.*"* Indinavir and atazanavir are two 
drugs that also cause a reversible inhibition of uridine diphospho- 
glucuronosyltransferase that leads to benign unconjugated hyper- 
bilirubinemia in 10% to 12% of patients. This is generally not an 
indication to stop treatment unless symptoms occur or are associ- 
ated with aminotransferase level elevation. Because ritonavir 
inhibits CYP3A so well, it is given with lopinavir in one of the 
more commonly used PI combinations to prevent lopinavir’s 
metabolism. Liver toxicity with this combination is not greater 
than that found with nelfinavir-based HAART.” 

The mechanism whereby PIs cause liver injury is not yet 
known.“ Whether asymptomatic ALT level elevations promote 
more rapid progression of fibrosis in patients coinfected with 
hepatitis B virus or hepatitis C virus is another source of debate. 
Because PIs are always given in combination with other agents to 


patients with other causes of liver injury, sorting this out will be 
complex. However, inhibition of CYPs by PIs causes the most 
important clinically relevant ADRs. One example is the effect of 
lopinavir and ritonavir therapy on HIV in liver transplant patients 
who are receiving tacrolimus; these patients need profound dose 
reductions of tacrolimus.*”” 


Nonnucleoside Reverse Transcriptase Inhibitors 

Of the five available nonnucleoside reverse transcriptase inhibi- 
tors, nevirapine and efavirenz have been used to a much greater 
extent than delavirdine, etravirine, and rilpivirine.“”° A number 
of large cohort studies have shown that, when administered with 
NARTIs and/or Pls, nevirapine increases from grade 3 to grade 
4 hepatotoxicity compared with efavirenz.’ Associated hepatitis 
B or hepatitis C is a risk factor.” A trial involving 468 patients 
that compared nevirapine with efavirenz was prematurely dis- 
continued because of 17% incidence of hepatotoxicity in the 
nevirapine group (66/385) compared with 0% in the efavirenz 
group (0/83); p < 0.001. In addition, two patients died of 
ALF. The presence of rash was associated with subsequent occur- 
rence of hepatotoxicity. The incidence across multiple studies 
with nevirapine was 10%,*” with clinical symptoms in 4.9% 
of participants. The hepatotoxicity with both nevirapine and 
efavirenz was often delayed, being recognized 3 months to 9 
months (median 5.5 months) after therapy began,’ and was 
more common in patients coinfected with hepatitis B virus and 
hepatitis C virus. Another risk factor that is peculiar to nevirapine 
is its potential to cause more hepatotoxicity in women, especially 
in those with a higher CD4 count.” Hence use of nevirapine is 
restricted in women with CD4 cell count of more than 250/mm? 
and in men with a CD4 cell count of more than 400/mm’.*”” 
Other risk factors for nevirapine hepatotoxicity are a body mass 
index of less than 18.5 kg/m? and a serum albumin level of 
less than 35 g/L.‘ Nevirapine has also been reported to cause 
severe hepatotoxicity and cutaneous reactions, both when used 
alone and when used with other antivirals for postexposure pro- 
phylaxis in non-HIV patients,” and hence its use in postexposure 
prophylaxis is avoided. Nevirapine carries a black box warning 
(abacavir and maraviroc are the other two drugs with a black box 
warning). The mechanism of hepatotoxicity for the nonnucleo- 
side reverse transcriptase inhibitors may involve an idiosyncratic 
response with immune features, and this may explain why the 
hepatotoxicity is worse in non-HIV individuals and is delayed in 
HIV patients. Nevirapine has been associated with a hypersensi- 
tivity reaction, and individuals with HLA-DRB*0101 may be at 
increased risk of this reaction.’”’ There is one report of a success- 
ful liver transplant in a patient who developed Stevens-Johnson 
syndrome and hepatotoxicity leading to liver failure.“ 


Nucleotide Reverse Transcriptase Inhibitors 

Tenofovir is effective against HIV and does not appear to deplete 
mitochondrial DNA.*”’ Both tenofovir and adefovir are effective 
against hepatitis B.“*°“?! Although the Epocrates database lists 
hepatotoxicity as a serious reaction for both drugs, no citations 
could be found and adverse liver effects are not mentioned in the 
package inserts for either drug. 


Fusion Inhibitors and Integrase Inhibitor 

The fusion inhibitors (enfuvirtide, maraviroc, vicriviroc, ibali- 
zumab) have been associated with a 5% rate of elevation of liver 
function test values. The integrase inhibitor raltegravir is also 
associated with ALT level elevation. Reports of clinically severe 
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disease is rare although ALT level elevation is reported in 4% of 
raltegravir-exposed individuals and in 5.4% to 6.2% of enfuvirtide- 
exposed individuals.“ 


Antimicrobials: Antibacterials 


Penicillins and Cephalosporins 


In general, the B-lactam antibiotics and structurally related cepha- 
losporins have a very low incidence of hepatotoxicity, most of 
which is idiosyncratic with immune features that can manifest 
themselves as primarily hepatitic, primarily cholestatic, mixed, 
and/or granulomatous (Table 56-14).°°°*™ The ability of the same 
agent to act in several ways suggests that host factors must dictate 
the type of allergic injury. B-Lactamase-resistant agents and peni- 
cillins with B-lactamase inhibitors, such as sulbactam and clavu- 
lanate, more often cause a cholestatic response,***“** occasionally 
with a prolonged clinical course.“ The incidence of DILI with 
amoxicillin alone is 1 in 30,000 but with clavulanate it is 1 in 
6000.*” If older patients are given repeated courses, the incidence 
may be as high as 1 in 1000. Piperacillin with another B-lactamase 
inhibitor, tazobactam, was noted to cause only mild increases in 
serum ALT levels in clinical trials,’ and there have been no 
reports of cholestatic injury. Flucloxacillin, one of the earlier 
B-lactamase-resistant agents, was associated with a very high inci- 
dence of chronic cholestasis**°*” and is no longer used in the 
United States. Only oxacillin and dicloxacillin are available in the 
United States, with no serious hepatotoxicity listed for either of 
these agents in the Epocrates database. However, reports****** have 
indicated that intravenous oxacillin use in children should be 
monitored for hepatotoxicity (see Table 56-14). 


Amoxicillin-Clavulanic Acid 


Amoxicillin—clavulanic acid is the most common antibiotic 
reported to cause DILI in the United States and Europe.'*'“* In 
a prospective population-based study, liver injury induced by 
amoxicillin—clavulanic acid was estimated to occur for 1 in 2350 
prescriptions.’ The typical presenting symptoms are jaundice and 
pruritus with cholestatic DILI. DILI is marked by a prolonged 
latency of several days to weeks sometimes long after use of the 
drug has been stopped.“ Immunoallergic features, including rash 
and eosinophilia, may be present. Resolution of liver test abnor- 
mities may take months, and chronic liver injury with ductopenia 
can occur. 

Because the HLA complex is inherited and involved in antigen 
presentation, several studies have been performed on the associa- 
tion between HLA polymorphisms and susceptibility to DILI (see 
Table 56-8).“°*” One of the best examples of an association 
between HLA and DILI is a study of 35 patients with amoxicillin- 
clavulanate hepatotoxicity. This study is unique because it 
includes a large number of patients with liver injury from a single 
drug that was biopsy proven and all of the patients developed 
jaundice. HLA-A and HLA-B were typed by lymphocytotoxicity 
assays, and HLA-DRB and HLA-DBQ were typed by polymerase 
chain reaction—based line probe assays. Patients were more likely 
than controls to have HLA class II antigen DRB1*1501- 
DRB5*0101-DQB1*0602 haplotype, p < 0.0002, and they were 
more likely to have cholestatic injury. Another study assessed the 
influence of HLA alleles on phenotype and identified the 
DRB1*1501-DRB5*0101-DQB1*0602 haplotype with cholesta- 
sis and delayed onset, whereas A*3002 and/or B*1801 carriers 
were linked to hepatocellular injury, younger age, and increased 
hospitalization.“ 
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Antibacterial Drugs and Drug-Induced Liver Injury 


Reported to Cause Liver Injury 
Penicillins 
Ampicillin 


Hepatitic > cholestatic 
Cholestatic + sulbactam (Unasyn) 
> hepatitic 


Amoxicillin + clavulanic acid Hepatitic > cholestatic 


(Augmentin) Cholestatic, granulomatous 
Oxacillin Cholestatic, granulomatous 
Ticarcillin (Ticar) + clavulanic Unknown 

acid (Timentin) Cholestatic 


Piperacillin + tazobactam (Zosyn) THepatitic or mixed 


Cephalosporins 

Cefaclor (Ceclor) Possibly cholestatic 
Cefdinir (Omnicef) Possibly hepatitic 
Ceftriaxone Biliary sludge 
Macrolides 

Erythromycin Cholestatic 
Clarithromycin (Biaxin) Cholestatic 
Azithromycin (Zithromax) Cholestatic 
Telithromycin (Ketek) Cholestatic 


Quinolones 


Trovafloxacin (Trovan) Immune-mediated FHF 


Probably all others Hepatitic or mixed 


Sulfonamides 


Trimethoprim/sulfamethoxazole Immune hepatitic (especially HIV) 


ALT, Alanine aminotransferase; FHF fulminant hepatic failure. 


The DRB5*0101 haplotype has also been associated with 
primary sclerosing cholangitis, a cholestatic disorder, and the 
injury from amoxicillin-clavulanate is cholestatic.“ Others have 
speculated that neoantigens presented on bile duct epithelium are 
part of the mechanism of liver injury from amoxicillin- 
clavulanate.“ Studies have demonstrated an association between 
HLA alleles and liver injury from flucloxacillin. In a genome-wide 
association study, the HLA allele HLA-B*5701 was associated 
with an 80-fold increased risk of liver injury from flucloxacillin.“” 
A separate proposed mechanism of action is as a pregnane X 
receptor agonist. Individuals who developed liver injury from 
flucloxacillin were more likely than controls to have the pregnane 
X receptor polymorphism (rs3814055;C-25385-T) and were 3.37 
times more likely to have developed DILI.”' 

Cephalosporins have rarely been associated with cases of hepa- 
totoxicity. However, in the DILIN 3.9% of 899 cases (n = 35) 
were attributable to cephalosporins, among which cephazolin was 
the most common (2.2%), followed by ceftriaxone (0.3%), cepha- 
lexin (0.2%), cefadroxil (0.2%), and others.’* In a population- 
based study, cephalosporins contributed to two cases among 96 
cases in a 2-year period.’ Ceftriaxone, which is excreted into bile, 
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Sulfisoxazole (Gantrisin) Cholestatic > hepatitic 


Sulfadiazine Cholestatic > hepatitic 


Tetracyclines 


Tetracycline Mitochondrial in high doses 


Doxycycline Hepatitic 
Demeclocycline (Declomycin) None reported 
Minocycline (Minocin, Vectrin) Autoimmune hepatitis, hepatitic 


Other Antimicrobials 


Nitrofurantoin Acute hepatitic and chronic 
fibrosis 
Nalidixic acid Possible cholestasis (1 case) 
Quinupristin/dalfopristin Possible cholestasis 
(Synercid) 


Fosfomycin (Monurol) TALT 


Not Reported to Cause Significant Liver Injury 
Penicillins 
Penicillin V potassium, ampicillin, nafcillin, mezlocillin (Mezlin) 


Cephalosporins 
Almost all first-, second-, and third-generation agents 


Other Antimicrobials 

Chloramphenicol, aztreonam (Azactam; +TALT), ertapenem 
(Invanz; +TALT), meropenem (Merrem), clindamycin, 
metronidazole, tinidazole (Tindamax), furazolidone (Furoxone; 
not available in the United States), vancomycin, daptomycin 
(Cubicin; +TALT), imipenem/cilastin (Primaxin; +TALT), linezolid 
(Zyvox), iodoquinol (Yodoxin), rifaximin (Xifaxan) 


has been associated with the formation of biliary sludge and 
stones.“ Up to 3% of patients treated with ceftriaxone may 
develop elevations of the levels of aminotransferases. 


Macrolides 


Hepatotoxicity from erythromycin has been known for decades 
and can occur with either erythromycin base or any of the salts.” 
Erythromycin toxicity is predominantly cholestatic, owing to an 
idiosyncratic immunoallergic reaction. Often the clinical presen- 
tation will occur well after treatment has ended. Fever, jaundice, 
right upper quadrant pain, and nausea can present like acute cho- 
lecystitis. Eosinophilia is often present. Fortunately the incidence 
is low (1 in 30,000).** Although recovery can take many weeks, 
rarely is liver injury fatal. Similar cholestatic presentations, includ- 
ing occasional deaths, have been reported recently for clarithromy- 
cine enn azithromycin, and roxithromycin.*°° However, 
the incidence of hepatotoxicity appears to be lower with the newer 
macrolides.**! Telithromycin, a new ketolide antibiotic that is a 
structural analog of erythromycin, was approved by the FDA in 
April 2004 to treat resistant Streptococcus pneumoniae respiratory 
tract infections and sinusitis.“ Telithromycin-induced liver 


injury is rare, and in a review of 42 cases reported to the FDA it 
was associated with a distinctive clinical signature consisting of 
short latency (median 10 days) with abrupt onset of symptoms, 
including ascites; associated ALF leading to death or liver trans- 
plant was seen in five patients.*” Erythromycin and troleando- 
mycin, a related macrolide no longer available, are well known 
to be potent inhibitors of CYP3A species and P-glycoprotein 
transporter. Clarithromycin is also such an inhibitor.“ Eryth- 
romycin and clarithromycin cause adverse drug interactions much 
more frequently than they cause cholestatic liver injury, especially 
with immunosuppressive agents such as cyclosporin A“ and 
tacrolimus,“ which require CYP3A metabolism. Azithromycin, 
roxithromycin, and dirithromycin are much weaker inhibitors 
of CYP3A.** A potential link between CYP3A inhibition and 
cholestatic liver injury was identified when erythromycin and 
troleandomycin were found to block canalicular bile acid efflux 
in human hepatocytes much more effectively than the newer 
macrolides.*” 


Quinolones 


The fluoroquinolones are considered to be relatively safe antibiot- 
ics,” with only trovafloxacin linked to cases of ALF, leading to 
its withdrawal in 1999. The fluoroquinolones currently available 
for use in United States include ciprofloxacin, gemifloxacin, levo- 
floxacin, moxifloxacin, norfloxacin, and ofloxacin. All of them 
have been linked to liver injury of differing severity. The exact 
incidence of liver injury with these individual agents is unknown 
but they are associated with mild elevation of the levels of ami- 
notransferases and are rarely linked to cases of ALF. Fluoroquino- 
lones account for 1.8% of 679 cases in the United States*’' and 
3.2% of 1069 cases in Europe.*” In a population-based study the 
absolute risk of liver injury from fluoroquinolones was estimated 
at 3.9 to 8.6 per 100 000 exposures; the reported risk was higher 
with moxifloxacin and levofloxacin than with ciprofloxacin.*” 
The pattern of liver injury ranges between hepatocellular and 
cholestatic hepatitis; patients with hepatocellular disease having 
more severe disease, including ALE Immunologic features are 
commonly present with fluoroquinolone-induced injury.*”! 


Sulfonamides 


All the sulfonamides have been associated with reports of hepa- 
totoxicity, usually considered idiosyncratic with immunoallergic 
features.” A cholestatic clinical presentation is most common, 
usually with rash, fever, and eosinophilia. One case of intra- 
hepatic cholestasis with phospholipidosis has been reported.‘ 
Trimethoprim-sulfamethoxazole is one of the oldest and most 
widely prescribed antibiotic combinations. The incidence of hepa- 
totoxicity in the general population must be very low because 
only occasional reports of hepatitis, ALE, and cholestatic disease 
appeared in the literature in the 1970s and 1980s.” However, 
several case reports of liver failure‘”“”’ remind us of the potential 
for hepatotoxicity. In a U.S. ALF study, sulfonamides were the 
second largest class causing ALF.** 

In HIV patients, the use of trimethoprim-sulfamethoxazole 
has been noted to lead to a much higher incidence of allergic 
reactions (~20%) than in non-HIV patients. ?647°481 Because 
trimethoprim-sulfamethoxazole is considered the best therapy 
for Pneumocystis jiroveci pneumonia and its prevention, desen- 
sitization protocols were developed“® and efforts made to deter- 
mine the cause of hypersensitivity. A slow acetylator status may 
contribute**’ by allowing more drug to be activated by CYPs to 
sulfamethoxazole hydroxylamine.*” Cotreatment with CYP3A 
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inducers leads to more measurable hydroxylamine, and inhibitors 
decrease the amount of this metabolite.“ No consensus has yet 
been reached to explain HIV-induced sensitivity. Trimethoprim- 
sulfamethoxazole is widely used in developing countries as 
chronic prophylaxis against opportunistic infections, with some 
success, and hepatotoxic reactions with the use of the drug 
in these populations have been reported.“ Use of trimethoprim- 
sulfamethoxazole is a risk factor for DILI and was associated with 


cholestatic or ductopenic injury.“ 


Tetracyclines 


The original descriptions of hepatotoxicity attributable to tetracy- 
clines were in patients receiving high doses intravenously.”™ 
The clinical presentation was similar to that seen in Reye syn- 
drome, with ALF, renal failure, and acidosis. Serum ALT levels 
were generally not very high (~1000 U/mL), and histologic find- 
ings were of microvesicular steatosis with minimal necrosis. The 
mechanism of the steatosis and toxicity appeared to be inhibition 
of mitochondrial fatty acid oxidation“ and was probably dose 
related. Intravenously administered tetracycline is rarely used 
today, and the incidence of hepatotoxicity from orally adminis- 
tered low doses of tetracyclines is extremely low.“ However, 
reversible hepatic failure“ and prolonged cholestasis with paucity 
of bile ducts“ have been reported. Minocycline, which has been 
widely used as long-term therapy for acne in adolescents, was 
reported to cause both acute hepatitis“ and chronic autoimmune 
hepatitis, with positivity for antinuclear antibodies and anti— 
smooth muscle antibodies.''"!'°“°“” Although the liver injury is 
self-limiting, steroids may be required for resolution of some cases 
of minocycline-induced autoimmune hepatitis.’ There have 
been no reports of liver injury for demeclocycline, which is used 
mainly for treatment of syndrome of inappropriate antidiuretic 
hormone secretion, but the Epocrates database lists hepatotoxicity 
as a serious reaction. 


Other Antibiotics 

Nitrofurantoin, still used as a long-term urinary tract infection 
antimicrobial, was reported in 1980 to cause acute and chronic 
liver disease.*”° It is considered relatively safe to use as prophylaxis 
in children,*” but authors continue to report the occurrence in 
elderly women of DILI resembling autoimmune hepatitis; DILI 
may or may not abate with drug withdrawal.“”*“” Nitrofurantoin 
is the second most common cause of DILI and the third most 
common cause of drug-induced ALF in the United States.'“**”* It 
is also the leading cause of drug-induced autoimmune hepatitis, 
with complete recovery either with cessation of the use of the drug 
or with steroids.’ Nalidixic acid is also used as a long-term 
urinary tract infection antimicrobial and is listed as possibly 
causing cholestatic hepatitis, on the basis of one case report from 
1974.” Whether it is safer than nitrofurantoin to use as a long- 
term medication is unclear. 

Quinupristin-dalfopristin is a relatively new streptogramin 
antibiotic for vancomycin-resistant enterococci and resistant 
staphylococcal infections” that caused hyperbilirubinemia when 
given to liver transplant recipients.’ Although that study sug- 
gested that the cholestatic changes were not drug related, another 
study””’ suggested that elevated AP values might be drug related. 
The drugs main side effect appears to be a myalgia/arthralgia 
syndrome. 

Fosfomycin, an epoxide low molecular weight antibiotic intro- 
duced in the mid-1990s for treatment of urinary tract infections 
but also for treatment of infection with vancomycin-resistant 
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enterococci and methicillin-resistant Staphylococcus aureus, 


was noted to frequently cause increases in serum ALT levels 
and Clostridium difficile colitis.” One case of acute hepato- 
toxicity with repeated use in a cystic fibrosis patient has been 
reported.” 


Cardiovascular Agents 


Antiplatelet/Anticoagulant/Thrombolytic Agents 


A fixed dose of 200 mg dipyridamole and 25 mg aspirin 
(Aggrenox) taken twice daily has been shown to be effective in 
the secondary prevention of strokes,” although there is still 
controversy regarding its benefit over aspirin alone. Hepatic dys- 
function is listed as an adverse reaction in the Epocrates database 
but no literature citations could be found. On the other hand, 
ticlopidine, a thienopyridine inhibitor of platelet adenosine 
diphosphate—induced aggregation with thrombolytic effects,” is 
more effective than aspirin in preventing stroke.’ Ticlopidine 
was first reported in 1993” to cause hepatitis, and subsequent 
reports from many countries’? have confirmed that the drug 
causes a primarily cholestatic injury. Presentation was at between 
2 weeks and 13 weeks and was not correlated with the degree of 
platelet inhibition.’ The hepatotoxic adverse effect is overshad- 
owed by the more common hematologic side effects of aplastic 
anemia and agranulocytosis, because of which another antiplatelet 
drug, clopidogrel, has become more popular’'® and has largely 
replaced ticlopidine. It has also been used successfully in patients 
with ticlopidine hepatotoxicity.” More than a dozen reports of 
clinically significant hepatotoxicity have emerged, with clopido- 
grel causing hepatitis of differing severity with predominantly a 
mixed pattern of hepatitis after a mean of 7 to 8 weeks of expo- 
sure.’'*?'” Recurrence of hepatitis with positive rechallenge has 
been described, suggesting the role of an immune mechanism in 
the pathogenesis.””” However, clopidogrel requires hepatic activa- 
tion, and variable resistance to its efficacy has been found because 
of lack of activation by CYP3A4.”' Besides the monitoring of 
patients for antiplatelet effects, it is important to review medica- 
tions that might inhibit CYP3A4 in patients using clopidogrel 
therapy such as atorvastatin. *' Clopidogrel is almost always coad- 
ministered with other drugs such that drug-drug interaction will 
have an impact on its action through CYPA4 action.’ The newer 
antiplatelet agent prasugrel has less drug-drug interaction than 
clopidogrel (Table 56-15). 

Hepatotoxicity attributable to warfarin is rare’; case reports 
are often following phenprocoumon exposure.” Phenprocou- 
mon, not available in the United States, led to at least eight cases 
of severe hepatitis in Germany between 1992 and 2002, with one 
death and two patients requiring liver transplant.” 

Although no clinically significant hepatotoxicity is reported 
with heparin, unfractionated heparin together with other low 
molecular weight heparins (dalteparin, enoxaparin, adomiparin) 
has been shown to cause asymptomatic elevation of AST and ALT 
levels.’ In a recent study, asymptomatic elevation of AST and 
ALT levels was noted in more than 90% of healthy participants 
without jaundice who received unfractionated heparins and other 
low molecular weight heparins, suggesting a class effect.” Indeed 
grade 3 liver enzyme level elevation was demonstrated in 23% 
of the 48 participants.” It is important to be aware of this class 
effect of heparins so that mistakes with attribution to another 
disease are not made. Hepatotoxicity to the newer orally admin- 
istered non—vitamin K anticoagulants rivaroxaban and apixaban 
has yet to be reported. 


Angiotensin-Converting Enzyme Inhibitors 


All of these drugs have an excellent safety profile, although 
hepatotoxicity with severity ranging from increased serum ALT 
levels to cholestasis and ALF have been described. Many of the 
angiotensin-converting enzyme inhibitors have been shown to 
have a low incidence of causing cholestatic hepatitis,” including 
captopril,” enalipril,” p lisinopril,” á fosinopril,” and ramipril.” 2 
Patients who developed cholestasis were generally middle-aged 
and had been taking the drug for between 4 and 8 weeks. In most 
cases the long recovery time was long. Deaths have been reported 
with use of enalapril’ and lisinopril”; in the latter case, death 
was attributed to a perforated ulcer while the cholestasis was 
abating.’ Currently there are no known risk factors for devel- 
opment of cholestasis. Patients who develop hepatitis caused by 
an angiotensin-converting enzyme inhibitor may develop cross- 
reactivity when switched to an alternative angiotensin-converting 
enzyme inhibitor.” 


Angiotensin II Receptor Blockers 


These agents, best characterized by losartan, can cause an idio- 
syncratic hepatitic reaction,’ and candesartan,” irbesar- 
tan,’ and valsartan” have been reported to cause cholestatic 
hepatitis. The onset of clinical illness was always just a few weeks 
after the start of therapy and resolution was relatively rapid 
after discontinuation of use of the drug. The incidence of this 
reaction appears to be low, and deaths have not been reported. 
The newer angiotensin II receptor blockers such as olmesartan, 
telmisartan, and eprosartan have not been linked to cases of 
hepatotoxicity. 


Antiarrhythmic Drugs 


Amiodarone is a highly effective and widely used iodinated ben- 
zofuran antiarrhythmic that has long been known to cause liver 
injury.”*' Its pulmonary toxicity is more serious, but elevations of 
serum aminotransferase or AP levels are common.’ Amioda- 
rone was the drug most commonly associated with liver injury in 
one tertiary hepatology referral center. ““ 

The spectrum of amiodarone-induced liver injury is broad. 
An acute hepatitis can occur within 24 hours of the start of 
parenteral therapy’ but the incidence of this is difficult to assess 
because the drug is usually used during cardiac arrests and most 
patients do not survive. Asymptomatic elevations of liver enzyme 
levels occur in approximately 25% of patients using oral therapy, 
usually detected 10 months after exposure, with the mean ALT 
level (104 U/mL) greater than the mean AST level (89 U/mL) 
and generally normal AP and bilirubin levels. Although adapta- 
tion may occur, with normalization of values on continued use, 
use of the drug is often stopped because of toxic effects on other 
organs and death from heart disease.” Between 1% and 3% of 
patients develop symptomatic hepatitis, with hepatomegaly that 
resolves relatively quickly on drug withdrawal. The drug and its 
metabolite remain in the liver and plasma for long periods and 
can cause persistent abnormalities for many months after cessa- 
tion of therapy.” 

The most ominous form of liver injury with amiodarone is the 
development of cirrhosis that has been termed pseudoalcoholic on 
the basis of the findings of Mallory bodies, polymorphonuclear 
leukocytes, and steatosis,“ and this can occur even with low 
doses of the drug.’ Regular monitoring of serum ALT level is 
recommended, especially if dosages greater than 400 mg/day are 
used. Decreasing the dosage or discontinuing use of the drug if 
ALT levels are more than three times the ULN and performing a 
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Cardiovascular Drugs and Drug-Induced Liver Injury 


Reported to Cause Liver Injury 


Antiplatelets/Anticoagulants/Thrombolytics 


Dipyridamole-ASA (Aggrenox) 
Ticlopidine (Ticlid) 
Clopidogrel 

Warfarin (Coumadin) 
Dalteparin (Fragmin) 
Tinzaparin (Innohep) 
Enoxaparin (Lovenox) 
Lepirudin (Refludan) 


ACE Inhibitors 
All the -prils 


Angiotensin Receptor Blockers 
All the -sartans 


Antiarrhythmics 
Amiodarone (Cordarone, Pacerone) 


Quinidine (Quinidex) 
Procainamide 
Propafenone (Rythmol) 


B-Blockers 
Labetatolol (Trandate, Normodyne) 


Ca** Channel Blockers 
Nifedipine 

Diltiazem (Cardizem) 
Verapamil 


Cholesterol Lowering 
All statins 


+Hepatic dysfunction 
Cholestatic hepatitis 

Mixed hepatitis 
+Hepatitis/cholestatic jaundice 
+TALT 

+Cholestatic hepatitis 

+TALT 

+TALT 


Reports of cholestatic jaundice 


Hepatotoxicity, TALT 


TALT, phospholipidosis 
Immune mixed with granulomas 
Immune cholestasis with granulomas 


Rare cholestasis 


TALT, hepatitic, nonimmune 


Rare hepatitic, immune 
Rare hepatitic, rare granulomas 


Rare hepatitic or cholestatic 


TALT, rare hepatitic, cholestatic 


ALT, Alanine aminotransferase; ASA, acetylsalicylic acid. 


liver biopsy if elevations persist are also recommended. A prospec- 
tive study of serum amiodarone levels in 125 patients suggested 
that only 6% will have serum ALT levels more than three times 
the ULN if amiodarone levels are less than 2.5 mg/L, and there 
should be no ALT level elevations if amiodarone levels are less 
than 1.5 mg/L.” 

Amiodarone is metabolized by CYP3A4 and CYP2C8494 to 
N-desethylamiodarone. The drug and metabolite accumulate in 
the liver because they are amphiphilic, becoming trapped in lyso- 
somes and subsequently inhibiting phospholipases.*’ Even in 
patients without liver injury, intralysosomal inclusions are found 
with a characteristic lamellar structure on electron microscopy 
that is the hallmark of phospholipidosis.**” Because of amioda- 
rone’s iodine content, hepatic accumulation can be demonstrated 
on noncontrast CT scans.” The drug can also accumulate in 
mitochondria and cause lipid peroxidation and steatohepatitis in 
animal models.’ However, the mechanism that amiodarone (or 


Fenofibrate Rare autoimmune picture 


Niacin (slow release > crystalline) Rare acute hepatitic/cholestatic 


Other Antihypertensives 


Hydralazine Very rare immune hepatitic, 


granulomas 


Bosentan (Tracleer) TALT, too new to characterize 


Not Reported to Cause Significant Liver Injury 

Antiplatelets/Anticoagulants/Thrombolytics 

Alteplase (Activase), clopidogrel (Plavix), anagrelide (Agrylin), 
dipyridamole (Persantine), eptifibatide (Integrilin), cilostazol (Pletal), 
tirofiban (Aggrastat), abciximab (ReoPro), fondaparinux (Arixta), 
bivalirudin (Angiomax), argatroban, antithrombin III (ATnativ), 
anistreplase (Eminase), streptokinase (Kabikinase), urokinase 
(Abbokinase), reteplase (Retevase), tenecteplase (TNKase) 


Antiarrhythmics 

Adenosine, bretylium, sotalol (Betapace), ibutilide (Corvert), moricizine 
(Ethmozine), mexiletine (Mexitil), disopyramide (Norpace), flecainide 
(Tambocor), dofetilide (Tikosyn) 

B-Blockers 

Almost all except labetalol appear to be without significant toxicity 


Ca?*Channel Blockers 
All but verapamil and diltiazem appear safe 


Cholesterol Lowering 
Gemfibrozil (Lopid), ezetimibe (Zetia) 


Diuretics 


All loop and thiazide diuretics appear to be without significant 
hepatotoxicity 


Other Antihypertensives 

Minoxidil (Loniten), eplerenone (Inspra), treprostinil (Remodulin), 
epoprostenol (Flolan), fenoldopam (Corlopam), doxazosin (Cardura) 
clonidine (Catapres), terazosin (Hytrin), guanabenz (Wytensin), 
prazosin (Minipress), nesiritide (Natrecor) 


a metabolite) uses to cause hepatic injury is still unclear. The drug 
is also an inhibitor of organic anion—transporting polypeptide 2 
in rats” 

Quinidine remains an important antiarrhythmic despite many 
case reports from the 1970s describing idiosyncratic hypersen- 
sitivity hepatotoxic reactions that occurred within 1 month of 
therapy,”*' often with granulomas on histologic analysis.’ There 
have been no recent case reports, and the incidence of hepato- 
toxicity is not really known. Another important effect of quini- 
dine recently recognized is its ability to heteroactivate CYP3A4 
activity for other substrates.”*””’ Therefore complex drug interac- 
tions should be expected when quinidine is used. 

Although only mild liver test abnormalities are listed in the 
Epocrates database for procainamide, the drug has been reported 
to cause intrahepatic cholestasis in a number of cases,” often with 
granulomas. The drug is much more likely to cause a systemic 
lupus-like reaction than to cause hepatotoxicity. Propafenone is 
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not listed as having any hepatotoxicity but seven cases of choles- 
tatic jaundice have been reported in the literature since 1980.°” 


B-Blockers 


All of these widely used agents have a very low incidence of hepa- 
totoxicity, with the possible exception of labetalol.’ Labetalol 
causes mild asymptomatic ALT level increases in 8% of patients, 
usually within the first few weeks of therapy. Although ALT levels 
usually normalize with continued therapy (a poorly understood 
phenomenon that has sometimes been dubbed adaptation), they 
may increase in 2% of patients, requiring drug withdrawal. Three 
deaths have been reported,” and the RR stereoisomer of labetalol, 
dilevalol, was withdrawn as a result of postmarketing surveillance 
outside the United States in 1990 because of hepatotoxicity (see 
Table 56-1). The mechanism of injury appears to be idiosyncratic 
without immune features. Only one case report (of an acute 
hepatitis) was found for DILI ascribed to metoprolol.” More 
recently, a case of severe cholestasis was reported for carvedilol,’ 
which recurred 1 year later when the patient began taking meto- 
prolol. Considering the wide use of these agents, it appears that 
hepatotoxicity is very rare. 


Ca** Channel Blockers 


‘These agents appear to have a very low incidence of hepatotoxicity, 
with only verapamil and diltiazem listed in the Epocrates data- 
base. Still, nifedipine has been reported to cause acute hepatitis 
with immune features,” with the last report published in 1992.*” 
The cases of acute hepatic injury described after diltiazem use”! 
were both in patients who had been taking nifedipine before their 
exposure to diltiazem. Diltiazem has been reported to cause gran- 
ulomatous hepatitis.” Verapamil has been reported to cause a few 
cases of both hepatitic and cholestatic injury.” 


Diuretics 

Although rare hepatotoxicity is listed in the Epocrates database 
for hydrochlorothiazide, ethacrynic acid, and spironolactone, no 
citations could be found. Considering the widespread use of these 
agents in relatively sick patients, including those with liver disease, 
it is clear that they have very little hepatotoxicity. The uricosuric 
diuretic tienilic acid was withdrawn from the market in 1979 
because of a large number of cases of acute and chronic hepatitis, 
most likely the result of an immune-mediated process. 


Other Antihypertensive Agents, Including Prescription 
Drugs for Pulmonary Hypertension 


Hydralazine is an arterial vasodilator rarely used nowadays as a 
single agent. Hydrazine-induced hepatotoxicity spans the spec- 
trum of liver disease, including acute hepatitis, cholestatic hepa- 
titis, granulomatous hepatitis, and hepatitis with hypersensitivity 
features.” Two patterns of liver injury, one with short latency 
period (2 to 6 weeks) and another with a long latency period (2 
months to 1 year) have been described.” The mechanism of 
hepatotoxicity is thought to be immune-mediated toxicity from 
the formation of anti-CYP antibodies.” Most cases resolve with 
cessation of therapy, although deaths have been reported.” 
Dihydralazine, a congener of hydrazine (available in Europe 
but not in the United States), is a classic drug that causes immune- 
mediated drug-induced toxicity’ attributable to mechanism- 
based inactivation of CYP1A2 and CYP3A4,”” which then creates 
a neoantigen and the development of antimicrosomal antibodies. 
Most case reports of hepatotoxicity from dihydralazine’®® show 
classic centrilobular necrosis. Hydralazine does not inactivate 


CYPs to the extent of dihydralazine, and the incidence of hepa- 
totoxicity is low. 

From a historical perspective, O&-methyldopa (Aldomet) was 
one of the first drugs in widespread use that was noted to be 
hepatotoxic, but with a low enough incidence that it was not 
withdrawn from the market. It was introduced in 1960, remains 
available in the United States, and continues to cause serious 
DILI, even though there now are many more effective and less 
risky antihypertensives. It remains a popular choice in hyperten- 
sion in pregnancy given its record of safety in pregnancy and 
breast-feeding.” Latency from initiation of use of the drug to 
onset of hepatitis can range from weeks to a few months. All forms 
of liver injury, including acute hepatitis, chronic hepatitis, chole- 
static hepatitis, fulminant liver failure, and cirrhosis, have been 
associated with its use.’ Autoimmune hepatitis—like disease has 
been described with the presence of markers of autoimmune 
hepatitis such as antinuclear antibodies and smooth muscle cell 
antibody. Because of the presence of autoimmune features, treat- 
ment with oral steroids has been tried, with full recovery. 

Bosentan is an orally available benzenesulfonamide designed 
to potently inhibit both endothelin receptor A and endothelin 
receptor B.” It is FDA approved to treat pulmonary hyperten- 
sion’”®*’' but causes significant liver injury in 2% to 18% of 
patients that is dose related and reversible with drug withdrawal.” 
Blocking endothelin receptors with the drug was initially shown 
to protect the livers of experimental animals from warm ische- 
mia,” and it was beneficial in portal-hypertensive rats.” When 
the drug was studied in humans, it became apparent that it was 
extensively metabolized by CYP2C9 and CYP3A4, and its induc- 
tion of these enzymes caused a drop in the initial steady-state 
concentrations for as long as 3 to 5 days.” It was also found to 
have important interactions with CYP3A4 and CYP2C9 sub- 
strates such as cyclosporin and warfarin.” Although the mecha- 
nism of hepatotoxicity is still not certain, bosentan’s ability to 
inhibit the canalicular bile salt export pump may cause intracel- 
lular accumulation of cytotoxic bile salts.” Despite its potential 
for hepatotoxicity, it has been used successfully for the treatment 
of portopulmonary hypertension.””°”’ Patients who develop 
hepatitis from the use of bosentan may switch to another endo- 
thelin receptor antagonist, ambrisentan, for which hepatotoxicity 
has not been reported. Sildenafil has become more popular for 
treatment of portopulmonary hypertension. It can rarely cause 
cholestatic liver injury.” Epoprostenol infusions, used for treat- 
ment of pulmonary hypertension, do not appear to cause hepa- 
totoxicity, but inhaled iloprost is listed in the Epocrates database 
as causing liver function test abnormalities. 


Cholesterol-Lowering Agents 


Hydroxymethylglutaryl-Coenzyme 

a Reductase Inhibitors (Statins) 

The introduction of the statins has had a major impact on the 
therapy for hypercholesterolemia and heart disease, making these 
agents among the most widely prescribed medications. However, 
because these are long-term medications, there was early concern 
about ocular, muscle, and liver toxicities that had been seen with 
previous inhibitors of cholesterol synthesis.” Ocular toxicity 
did not occur but asymptomatic increases in serum ALT levels to 
more than twice the ULN were found in 1% to 3% of participants 
in early studies, which was 10 to 30 times more frequent than 
thabdomyolysis.”” The increases occurred within 3 months and 
there was a dose dependence. There were also a number of severe 
cases of acute hepatitis and cholestatic injury.” Therefore the 


recommendations were to avoid the use of statins in patients with 
almost any liver disease. Unfortunately, following these recom- 
mendations would deny many patients with high cholesterol 
levels the benefit of these drugs because these patients often have 
increased levels of serum aminotransferases as part of their meta- 
bolic syndrome. 

Postmarketing surveillance studies of the statins have shown 
that asymptomatic ALT level increases occur in 0.2% to 1.14% of 
patients’! and that most patients have adaptation and normal- 
ization of ALT levels with continued therapy. Studies in specific 
groups, including children with familial hypercholesterolemia,”*™” 
obese patients,’ elderly patients,’ and patients with increases 
before therapy,” showed that all tolerated statin therapy with a 
low incidence of side effects. It is still recommended that liver 
function test results and creatine kinase levels be monitored at 
the baseline, at 3 months, and then every 6 months,” although 
it has not been demonstrated that this will identify those patients 
at risk of, nor reduce the occurrence of, severe liver or muscle 
toxicity.” Serum ALT levels more than three times the ULN 
should be monitored every 2 to 4 weeks, and use of the drug 
should be discontinued if adaptation fails to occur or clinical 
symptoms develop. The dose should be adjusted as low as possible 
to control cholesterol levels. When a statin that is metabolized 
by CYP3A4 (simvastatin, lovastatin, and atorvastatin) is used, 
caution is necessary if other medications that inhibit this CYP 
(e.g., ketoconazole, erythromycin) are prescribed. Fluvastatin is 
metabolized by CYP2C9, and pravastatin and rosuvastatin are 
not metabolized by the CYP system. There are also warnings 
concerning the combination of statins with gemfibrozil, niacin, 
amiodarone, and verapamil.” Cerivastatin was withdrawn from 
the market in 1991 because of a high frequency of rhabdomyoly- 
sis, not because of liver injury. 

Serious DILI from statins seems to be rare on the basis of 
their widespread long-term use and results from large databases 
or cohorts.*!**'°*” In a retrospective study of DILI leading to 
death or liver transplant from the Swedish Adverse Drugs Reac- 
tion Advisory Committee database, there were 151 cases with a 
fatal outcome and 17 patients who underwent liver transplant 
from 1966 to 2002.” There was one case of DILI attributed to 
each of atorvastatin and simvastatin. Among 4690 suspected DILI 
cases reported from 1968 to 2003 to the World Health Organiza- 
tion Collaborating Center for Drug Monitoring, a statin was not 
one of the top 20 drugs associated with death from DILI.' A 
population-based study was conducted over a 3-year period in a 
region of France with a population of 81,301; 34 cases of DILI 
were reported.* A statin (atorvastatin) was the single implicated 
drug in two cases or one of multiple implicated drugs (atorvastatin 
and ticlopidine). The Spanish DILI study is a prospective study 
of DILI from centers in Spain.’ The investigators for the Spanish 
Registry reported 461 cases collected over a 10-year period. Statins 
were incriminated in 11 cases, with a mean serum total bilirubin 
level of 6.1 mg/dL, mean ALT level of 15.8 times the ULN, and 
mean AP level of 2.8 times the ULN. 

In a systemic review of serious DILI from statins, 40 cases of 
statin hepatotoxicity were identified.”** In 11 cases, autoantibod- 
ies were detected with or without DILI. Given the vast number 
of prescriptions written for this class of drug, more than 142 
million in the United States in 2008 alone, the relatively small 
number of published case reports is a testament to the hepatic 
safety of statins.” Most of these reports have been for lovastatin, 
simvastatin, and atorvastatin, probably reflecting their time on the 
market and numbers of prescriptions written. Despite differences 
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in pharmacokinetics, lipophilicity, and degree of hepatic metabo- 
lism,™ all statins appear capable of causing rare but significant 
hepatotoxicity. Presenting symptoms have generally been consis- 
tent with an acute hepatitis, including jaundice, anorexia, nausea, 
abdominal pain, fatigue, and pruritus. Death secondary to statin- 
induced DILI is exceedingly uncommon and was identified in 
only two of the case reports.””'””” 

Among the reported cases identified in the systematic review, 
the duration of statin therapy before the development of symp- 
tomatic hepatotoxicity from statins is highly variable, ranging 
from 5 days to 4 years.’ In more than half the cases, DILI 
occurred within 4 months of institution of statin therapy. The 
time from cessation of statin use until resolution of hepatotoxicity 
ranges from several weeks to 6 months. The most common pattern 
of liver injury is hepatocellular, with peak ALT levels ranging from 
39 U/L to 8275 U/L, although a mixed injury pattern with pro- 
longed symptomatic cholestasis may occur. In cases of mixed 
injury, the peak serum total bilirubin level has been reported as 
high as 25 mg/dL but in most cases the total bilirubin levels are 
5 mg/dL to 10 mg/dL. 

On liver biopsy the most frequent histologic features of DILI 
from statins are portal inflammation with mononuclear cells with 
or without cholestasis. The portal inflammation typically includes 
lymphocytes, and although eosinophils were noted in a few cases, 
they are not commonly prominent. Changes on liver biopsy may 
not be due to statins, however, because these patients may have 
preexisting underlying fatty liver disease and/or liver fibrosis. 
Statin-induced liver injury may occasionally present with an auto- 
immune phenotype.”” This pattern of liver injury on biopsy was 
reported with atorvastatin, rosuvastatin, and simvastatin. These 
cases could represent sporadic autoimmune hepatitis in someone 
who happened to be prescribed a statin, although the evidence for 
statins serving as a trigger is strong. High titers of autoantibodies, 
such as antinuclear antibody, anti-smooth muscle antibody, anti- 
histone antibodies, and acetylcholine-binding antibodies, may be 
seen in patients with DILI from statins. 

The pathogenesis of this type of DILI remains to be elucidated, 
but proposed mechanisms include the drug serving as a hapten 
for cellular targets in genetically predisposed hosts with specific 
HLA haplotypes (DR3, DR4) who are reexposed to the same 
statin or are exposed to another statin.” The exact mechanism 
of liver injury is not known, but studies in guinea pigs given 
simvastatin at 125 mg/kg per day suggest toxicity is a result of 
inhibition of hydroxymethylglutaryl-coenzyme A reductase and 
mevalonate synthesis.” The mevalonate pathway is important 
for production of cell membrane proteins, anchoring of proteins, 
and biosynthesis of steroids. 

As a drug class, statins are remarkably safe, including in patients 
with chronic liver disease or a history of elevated liver function 
test values. A randomized, double-blind, placebo-controlled study 
of 326 patients with underlying liver disease treated with 80 mg 
of pravastatin or placebo demonstrated no significant difference 
in serum ALT level elevations between the two groups.” The rate 
of either the serum ALT level elevation exceeding two times the 
ULN or the doubling of the baseline ALT level (if the baseline 
ALT level was already elevated) was 5% in the pravastatin group 
and 7% in the placebo group. No statistical differences in ALT 
level doubling were demonstrated in the pravastatin group or the 
placebo group regardless of whether the baseline ALT level was 
elevated. Most of the participants in the study had chronic liver 
disease from nonalcoholic fatty liver disease (64.1%) or chronic 


hepatitis C (24.8%). The U.S. DILIN registry prospective study 


reported the results of the first 300 enrolled cases in 2008.“ 
Lipid-lowering agents were reported to be the causative agent in 
3.4% of cases. One patient with cirrhosis treated with ezetimibe 
and simvastatin died and one patient with rheumatoid arthritis 
treated with leflunomide and lovastatin underwent a liver 
transplant. 

The following are recommendations from the National Lipid 
Association Safety Task Force regarding the safety of statins with 
a focus on patients with chronic liver disease’: (1) chronic liver 
disease is not a contraindication to statin therapy; (2) compen- 
sated cirrhosis is not a contraindication to statin therapy; (3) 
statins can be prescribed safely to patients with nonalcoholic fatty 
liver disease. On the basis of expert opinion, the study authors 
also concluded that statins should not be used in patients with 
decompensated cirrhosis or ALF. Furthermore, patients should 
not reinitiate statin therapy if they experienced prior liver test 
value elevations presumably attributable to statin use. 

Fenofibrate has been used for decades and is effective for the 
management of hypertriglyceridemia. It has been reported to rarely 
cause an autoimmune hepatitis with ductopenia and fibrosis.’** 
Mild ALT level increases occur rarely, and routine monitoring 
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of liver test results is not considered necessary.” Although the 
fibrates are potent peroxisome proliferator agents in rodents, this 
effect is not seen in humans on the basis of analysis of liver histo- 
logic findings.”*' The fibrates can also increase the lithogenicity of 
bile but this effect does not appear to be clinically significant.” 

Niacin has also been shown to cause an acute hepatitis,”*’ 
which occurs more frequently with the sustained-release form, 
usually after a relatively short time (2 days to 7 weeks),”* and 
often immediately after a change from the crystalline formulation 
that was well tolerated.” A cholestatic picture has also been 
described." Overall, the incidence of hepatotoxicity must be low. 
There is some indication that toxicity may be dose related,”*' but 
the mechanism of liver injury has never been clarified. 


Nonsteroidal Antiinflammatory 
Drugs and Acetaminophen 


NSAIDs as a class are important causative agents of hepatotoxicity 
(Table 56-16). Although the incidence of hepatotoxicity varies for 
different agents, the overall incidence of overt dysfunction is low 
(less than 0.1%).°°* However, because of the large number of 


Salicylates 

Aspirin Hepatocellular Toxic 

Diflunisal Cholestatic Idiosyncratic metabolic 
Benorilate Hepatocellular Toxic 

Salicylates Hepatocellular Toxic 


Acetic Acid Derivatives 


Amfenac Hepatocellular Idiosyncratic-metabolic 
Clometacin Hepatocellular Idiosyncratic-metabolic 
Diclofenac Hepatocellular Idiosyncratic-metabolic 
Etodolac Hepatocellular Idiosyncratic 

Fenclofenac Hepatocellular Idiosyncratic-metabolic 


Fenclofenamic acid Hepatocellular Idiosyncratic-metabolic 


Fenclozic acid Cholestatic Idiosyncratic-metabolic 


Fentiazac Hepatocellular Idiosyncratic-metabolic 
Indomethacin Hepatocellular Idiosyncratic 

Isoxepac Hepatocellular Idiosyncratic-metabolic 
Nabumetone Cholestatic Idiosyncratic 

Sulindac Cholestatic Idiosyncratic-immune 
Tolmetin Hepatocellular Idiosyncratic 


Propionic Acid Derivatives 


Benoxaprofen Cholestatic Idiosyncratic-metabolic 
Carpofen Hepatocellular Idiosyncratic-metabolic 
Fenbufen Hepatocellular Idiosyncratic-metabolic 


Fenoprofen Hepatocellular/ Idiosyncratic 
cholestatic 

Flurbiprofen Hepatocellular Idiosyncratic-metabolic 

Ibufenac Hepatocellular Idiosyncratic-metabolic 

Ibuprofen Hepatocellular Idiosyncratic-metabolic 

Ketoprofen Hepatocellular Idiosyncratic-immune 

Naprosyn Hepatocellular/ Idiosyncratic-immune 
cholestatic 

Oxaprozin Hepatocellular Idiosyncratic-immune 

Pirprofen Hepatocellular Idiosyncratic-metabolic 

Fenamates 

Cinchophen Hepatocellular Idiosyncratic-metabolic 

Glafenine Hepatocellular Idiosyncratic-metabolic 


Meclofenamic acid Hepatocellular Idiosyncratic-metabolic 


Mefenamic acid Hepatocellular Idiosyncratic-metabolic 


Niflumic acid Hepatocellular Idiosyncratic-immune 


Tolfenamic acid Hepatocellular Idiosyncratic-metabolic 


Oxicams 

Droxicam Hepatocellular/ Idiosyncratic 
cholestatic 

Isoxicam Cholestatic Idiosyncratic-metabolic 

Piroxicam Hepatocellular/ Idiosyncratic 
cholestatic 

Sudoxicam Hepatocellular Idiosyncratic-metabolic 


people who use NSAIDs on a regular basis (approximately 20 
million in the United States alone), the actual number of cases 
that occurs is ultimately substantial.” In the U.S. DILIN registry, 
NSAIDs and muscle relaxants accounted for 3.7% of DILI cases. '* 
It is estimated, from Medicaid billing data, that acute hepatitis, 
probably related to NSAID use, results in approximately 2.2 
hospitalizations per 100,000 people. A systematic review of 
population-based studies reported the risk of serious liver injury 
in NSAID users was 3.1 to 23.4 per 100,000 patient-years.°”* 
However, there was no deaths from these episodes.°”” When liver 
injury is associated with jaundice, the risk of death may be 
increased to 7.7%.°™ Risk factors for the development of hepato- 
toxicity from NSAIDs include patients with rheumatoid arthritis, 
which leads to a 10-fold increased risk, and concomitant exposure 
to other hepatotoxic drugs.’ Other risk factors include female sex, 
older age, and osteoarthritis. Different NSAIDs have different 
propensities to cause hepatotoxicity. Benoxaprofen proved to be 
an agent that caused liver injury with a high incidence and high 
mortality, prompting its withdrawal from medical use. Other 
agents have minimal potential for hepatotoxicity. NSAIDs that 
are capable of causing hepatotoxicity are listed in Table 56-16. In 
an analysis of 17,289 arthritis patients, diclofenac was associated 
with ALT level elevation of more than three times the ULN in 
3.1% patients, with no reports of liver failure or death.°’° The 
most common mechanism of injury appears to be idiosyncratic, 
probably as a result of metabolic abnormalities, and the most 
common type of injury appears to be hepatocellular. Polymor- 
phisms in the glutathione S-transferase gene have been reported 
to be associated with DILI from antibacterials and NSAIDs.°”” 
Cross-reactivity between different classes of NSAIDs may occur.°** 

The primary risk factor for aspirin-induced hepatotoxicity 
appears to be the dose of the drug, and hence frequency correlates 
with the serum salicylate levels.” Most patients with hepatotoxic- 
ity, as evidenced by elevated aminotransferase levels, are taking 2 g 
to 6 g of aspirin daily for weeks and have serum levels of salicylates 
exceeding 25 mg/dL, although toxicity rarely occurs with levels 
less than 10 mg/dL.” Predisposing conditions have also been 
suggested as being risk factors. These include the connective tissue 
disorders rheumatoid arthritis, systemic lupus erythematosus, and 
juvenile rheumatoid arthritis. However, the increased incidence in 
this subgroup is probably explained largely by the higher doses 
used in treating these conditions, rather than an intrinsic suscep- 
tibility, although the cytokine milieu in systemic inflammatory 
diseases may predispose to hepatotoxicity." The same explana- 
tions are likely valid for the increased incidence of hepatotoxicity 
seen in cases of rheumatic fever. In patients who develop Reye 
syndrome, aspirin intake appears to be one of the—probably the 
most common—triggers for the development of its characteris- 
tic features: namely, a microvesicular hepatic steatosis and acute 
encephalopathy. This occurs in the setting of a febrile illness in 
children, most commonly induced by a viral infection. The under- 
lying predisposing condition is as yet unclear but may involve 
congenital mitochondrial enzyme defects or deficiencies, the effect 
of which is exacerbated by the use of aspirin." In experimen- 
tal animals, salicylic acid inhibits mitochondrial B-oxidation of 
long-chain fatty acids,“ and up to one third of children who 
develop Reye syndrome have inborn errors of metabolism in this 
pathway.°'’ The incidence of Reye syndrome is decreasing, mir- 
roring the decline in use of aspirin for treatment of childhood 
viral illnesses.°”” In this dose-dependent type of hepatotoxicity the 
mechanism is probably related to an intrinsic ability to injure the 
hepatocyte. From the ultrastructural histologic features, the site 
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of injury appears to be the mitochondria. Other mechanisms that 
have been postulated include lipid peroxidation, hydroxyl radical 
scavenging, and injury to the hepatocyte membrane.” 

Apart from the features of the disease condition necessitating 
the use of aspirin, findings are minimal. Tender hepatomegaly 
may occur. Liver injury is most often recognized by determination 
of elevated serum AST and ALT levels, and, less commonly, 
ammonia and bilirubin levels. Up to 50% of individuals with 
serum levels of salicylate greater than 15 mg/dL have elevated 
AST and ALT levels.” ALF, characterized by coagulation abnor- 
malities and hepatic encephalopathy, is rare.°'* The classic histo- 
logic description of liver injury from aspirin is a nonspecific focal 
hepatitis. Ballooning degeneration that is more prominent in zone 
3 is a typical finding. Hepatocyte necrosis is also seen, and inflam- 
matory cell infiltration is minimal. Steatosis is unusual in the 
hepatotoxicity associated with high doses of aspirin. However, in 
Reye syndrome, microvesicular steatosis is the hallmark. Aspirin 
hepatotoxicity is rapidly reversible when use of the drug is discon- 
tinued. Deaths are very rare but have been reported.” There is 
no conclusive evidence that aspirin can cause chronic hepatitis. 

Aspirin overdose is managed by discontinuation of use of the 
drug, with supportive care in the rare individual who has severe 
hepatotoxicity. If aspirin is absolutely essential in the treatment of 
the individual, an attempt may be made to restart use of the drug 
at a lower dose after the liver function test values have returned 
to normal. Close monitoring of the liver function test values in 
this rechallenge is necessary. 

Diflunisal (Dolobid) is a difluoropheny! derivative of salicylic 
acid that has been reported to cause a cholestatic and mixed 
hepatocellular type of injury.°'°°"” 

Indomethacin (Indocin), an indole-containing acetic acid 
derivative, is probably the most frequently used NSAID of this 
class. There are relatively few reports of indomethacin-related 
hepatic injury compared with injuries of other organs caused by 
this drug." In one series, although indomethacin accounted 
for relatively fewer instances of hepatotoxicity (compared with 
other NSAIDs), mortality was higher.°'* Case fatalities have been 
reported.°'* °° Children may be more susceptible to severe injury, 
and therefore the drug is not recommended for use in the pedi- 
atric age group.°”” 

On the basis of the few case reports available, the mechanism 
of toxicity appears to be metabolic idiosyncrasy. Features are 
usually nonspecific, with laboratory values suggesting hepatocel- 
lular injury, and much less often concomitant cholestasis. Massive 
hepatocellular necrosis, primarily centrally located,°"’ is typical. 
Microvesicular steatosis and cholestasis may occur. Discontinua- 
tion of use of the drug and supportive measures should be insti- 
tuted. A good outcome is expected with early detection and 
withdrawal of the drug. 

Sulindac (Clinoril) is also an indole derivative of acetic acid 
and therefore has some structural similarities to indomethacin. 
There are many reported cases of hepatotoxicity related to this 
drug, which is a potent analgesic and has relatively fewer gastro- 
intestinal side effects than other NSAIDs. However, it is still 
considered one of the NSAIDs that will most likely produce 
hepatic injury.“ In an analysis of 91 cases reported to the FDA, 
the ratio of females to males was 3.5:1, and 69% of all patients 
were older than 50 years.”! Jaundice was recorded in 67% of 
patients, and four patients died of hypersensitivity or liver 
failure.’ On the basis of the reported cases, the mechanism for 
most appeared to be a generalized immunoallergic hypersensitiv- 
ity reaction, which included liver involvement. Metabolic 
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idiosyncrasy may account for a minor subset.“ Patients present 
with features of a hypersensitivity reaction, including fever, rash, 
pruritus, eosinophilia and tender hepatomegaly.’”’ Stevens- 
Johnson syndrome may occur. The onset is usually within 4 weeks 
of initiation of use of the drug.” Laboratory tests often reveal 
significant hepatocellular damage. Eosinophilia tends to be more 
common when the pattern of injury is cholestatic than when it is 
primarily hepatocellular.” Pancreatitis may occur in some cases.” 
Cholestasis is prominent in most cases, with only approximately 
25% of patients showing hepatocellular injury.°”' Sulindac com- 
petitively inhibits canalicular bile salt transport; such inhibition 
may contribute to the propensity of sulindac to induce cholesta- 
sis.” Rechallenge with the drug may result in the reappearance 
of the hypersensitivity reaction after only two doses.” 

Diclofenac (Arthrotec, Voltaren) is a phenylacetic acid deriva- 
tive that was approved in the United States in 1988 for the 
treatment of osteoarthrosis, rheumatoid arthritis, or ankylosing 
spondylosis." Although the most common manifestation of hep- 
atotoxicity is asymptomatic elevations of liver function test values, 
there are numerous reports in the literature of significant hepato- 
toxicity and even deaths attributable to the use of this drug.°°*°*° 
It is estimated that up to 5 in 100,000 individuals have signifi- 
cant diclofenac-induced liver injury. In a population-based study, 
diclofenac-induced liver injury ranked second among DILI cases’ 
and in the DILIN series, diclofenac constituted 1.3% of cases.'” 
The onset is from 3 weeks to 12 months after initiation of use of 
the drug. Elderly women with osteoarthritis seem to be more 
susceptible. Among 17,829 patients with arthritis treated with 
diclofenac for a mean of 18 months, 3.1% developed AST levels 
more than three times the ULN and 0.5% developed ALT levels 
more than 10 times the ULN; 0.023% of patients required liver- 
related hospitalization, and none of the patients died or required 
liver transplant.” Aminotransferase level elevations occurred pri- 
marily during the first 4 to 6 months of therapy.°° Data from 
the reports suggest that in most cases the cause was immunologic 
idiosyncrasy. However, metabolic idiosyncrasy seemed to be the 
more logical explanation in other cases. Polymorphisms in the 
UGT2B7, CYP2C8, and ABCC2 genes have been reported to 
be associated with diclofenac-induced liver injury. The strongest 
association was seen with the UDPGT2B7*2 allele, which was 8.5 
times more common in individuals who developed liver injury 
from diclofenac compared with controls.°”” 

The symptoms are nonspecific in most cases, with nausea, 
vomiting, abdominal discomfort, and jaundice being hallmarks of 
more severe hepatitis and seen in 75% of cases. Liver test abnor- 
malities favor hepatocellular or mixed hepatitis in most cases, and 
cases mimicking autoimmune hepatitis with antinuclear antibody 
positivity have been described. Zone 3 or spotty acute hepa- 
tocellular necrosis is the most common histologic finding. Other 
features may include granulomas, cholestasis, hepatic eosinophilia, 
and chronic hepatitis. Overdose is managed by withdrawal of the 
agent and supportive care. With early withdrawal the prognosis 
is good, even with severe hepatitis. Rarely, the use of diclofe- 
nac has been thought to trigger development of autoimmune 
hepatitis. Similar occurrences and features have been described 
for meloxicam (Mobic), and likely occur with all drugs of 
this class.°” 

Although there have been cases of serious liver injury from 
ibuprofen, both hepatocellular and cholestatic patterns of injury, 
its rarity as an implicated cause of liver injury and almost ubiqui- 
tous use suggest ibuprofen rarely if ever causes serious liver 
inj ury. 630-632 


Acetaminophen is a widely used analgesic and, compared with 
other drugs that are associated with liver injury, is available over 
the counter. Acetaminophen use is the most common cause of 
drug-induced ALF in the United States.” Acetaminophen is the 
nonnarcotic analgesic of choice in patients with significant comor- 
bidities, such as impaired renal function, gastrointestinal tract 
disease, and bleeding disorders. 

Animal studies demonstrate acetaminophen-induced liver 
injury is mediated through reactive oxygen species and hepatocyte 
apoptosis. During phase I metabolism acetaminophen undergoes 
oxidation, reduction, or hydrolysis by CYPs. During phase II 
metabolism acetaminophen metabolites are conjugated with gluc- 
uronic acid, sulfates, or GSH. Acetaminophen is metabolized by 
the CYPs, and CYP2E1 is the major source of the toxic metabolite 
NAPQI, which depletes hepatic GSH stores and leads to oxida- 
tive injury (see Fig. 56-4). NAPQI covalently binds to hepato- 
cyte proteins and leads to cell death. Reactive oxygen species 
are associated with mitochondrial damage and the activation of 
caspases.” This sequence of events leads to premature apopto- 
sis of hepatocytes. Further support of the role of the oxidative 
stress response as an important mechanism in acetaminophen 
hepatotoxicity is demonstrated in a study of metallothionein- 
knockout mice.“ Metallothionein-knockout mice were more 
susceptible to acetaminophen-induced liver injury than control 
mice as demonstrated by markedly elevated liver enzyme levels 
and hepatic necrosis. More lipid peroxidation was present in 
metallothionein-knockout mice as evidenced by immunohisto- 
chemical localization of 4-hydroxynonenal and malondialdehyde 
protein adducts. Other transcription factors that protect against 
oxidative injury have been reported to be associated with acet- 
aminophen toxicity in mice. Other enzymes and pathways associ- 
ated with acetaminophen-induced liver injury include activation 
of the glycogen synthase kinase 3B and c-Jun N-terminal kinase 
pathways.°” Increased levels of mitochondrial-derived reactive 
oxygen species as a result of GSH depletion in mitochondria 
was implicated in liver injury from acetaminophen. The innate 
immune system and natural killer cell activation and increase in 
interferon-y level have been shown to play a role in progression 
and severity of acetaminophen hepatotoxicity." 

In a study of healthy adult volunteers given a 4-g dose of 
acetaminophen daily for 14 days, ALT level elevation to more 
than three times the ULN was seen in 31% of individuals, to 
more than five times the ULN was seen in 25% of individuals, 
and to more than eight times the ULN was seen in 8% of indi- 
viduals.” Hepatotoxicity leading to liver failure generally occurs 
with single dose exceeding 15 g to 25 g, although in 30% to 50% 
of cases, hepatotoxicity is a result of therapeutic misadventure 
wherein the presence of risk factors predispose individuals to 
hepatotoxicity despite daily doses well within therapeutic levels. 
The risk factors implicated include chronic alcohol ingestion, 
malnutrition, fasting state, advanced age, pregnancy, and presence 
of chronic liver disease.” 

Treatment involves prompt administration of N-acetylcysteine, 
which by repletion of GSH levels minimizes or prevents hepato- 
toxicity.” N-Acetylcysteine is available in both an oral form and 
an intravenous form. Although acetaminophen plasma levels are 
helpful to guide treatment with N-acetylcysteine, overdose may 
be undetected when plasma levels are low, especially in individuals 
with long-term or unintentional overdose. In such cases novel 
methods for early detection of DILI by measurement of acet- 
aminophen adducts support the diagnosis of overdose,”” and its 
absence can reliably exclude acetaminophen-induced liver injury. 


In one study, 18% of 110 patients with ALF of unknown cause 
were identified by the presence of acetaminophen cysteine adducts 
levels greater than 1.0 nmol/mL.°” Although acetaminophen is a 
dose-dependent toxin, coma grade not acetaminophen ingested 
dose was a reliable indicator of prognosis.” 


Antineoplastic and Immunosuppressive Agents 


These agents produce a large number of hepatic abnormalities 

(Table 56-17). Causality assessment of hepatotoxicity in the 

setting of cancer chemotherapy is often difficult for the following 

reasons: 

1. Abnormal liver test results may result from metastasis or infil- 
tration of the liver parenchyma or biliary tree by tumor. A 
Budd-Chiari—like picture may resemble sinusoidal obstruction 
syndrome (SOS) and may occur as a result of the procoagulant 
state caused by many tumors. 

2. Immunosuppression may result in sepsis and shock, with its 
attendant cytokine-induced effects on the liver, such as cho- 
lestasis. Occasionally the liver itself may be opportunistically 
infected, or transfusion may result in viral hepatitis. 

3. Multiple drugs are often used in overlapping schedules, making 
it difficult to assign causality of DILI to a single drug. 

4, Other modalities of treatment (i.e., nonchemotherapy) may 
also lead to hepatotoxicity. Examples include the direct effects 
of radiation and graft-versus-host disease in patients undergo- 
ing bone marrow or stem cell transplants. 

5. Drugs that have minimal hepatotoxic potential when used 
alone may produce severe liver disease when used in combina- 
tion with other chemotherapeutic agents or with radiation 
therapy. 

6. Liver biopsy, which might help in differential diagnosis, is 
often contraindicated because of thrombocytopenia and coag- 
ulation abnormalities caused by treatment. 

7. Toxicity in other organ systems may result in abnormal liver 
function test results (e.g., doxorubicin-induced cardiac failure 
may result in hepatic congestion and its resultant liver test 
abnormalities). 


Antimetabolites 


Methotrexate, a derivative of aminopterin, is a folate analog that 
inhibits dihydrofolate reductase, which causes the arrest of rapidly 
dividing cells in the S phase of the cell cycle. This property has 
been used in the treatment of leukemias and other neoplasms, an 

also as a disease-modifying agent in several chronic inflammatory 
conditions, including psoriasis, rheumatoid arthritis, and chronic 
idiopathic inflammatory bowel disease. Hepatotoxicity has been 
recognized as a potential major adverse reaction that can occur 
with long-term use. Case reports describing cirrhosis as a result 
of methotrexate use first appeared in the 1960s.“! The patho- 
genesis of methotrexate hepatotoxicity is poorly understood. It 
has been hypothesized that the drug can activate hepatic stel- 
late (Ito) cells, which leads to increased collagen deposition. 
Others have speculated that the drug itself, and its metabolites 
(polyglutamates), may accumulate, leading to prolonged folate 
inhibition with resultant impairment of nucleotide and methio- 
nine synthesis that in turn leads to hepatocyte injury.’ Patients 
with preexisting liver disease seem to be more susceptible to 
toxicity.“ Factors associated with increased risk of methotrex- 
ate toxicity include heavy alcohol use, preexisting liver disease 
(especially fatty liver), daily dosing, duration of therapy of more 
than 2 years, cumulative dose exceeding 1500 mg, and obesity 
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WAE Antineoplastic and Immunosuppressive Agents 
ava and Drug-induced Liver Injury 


Sinusoidal obstruction syndrome 


Mitomycin 
6-Thioguanine 
Azathioprine 
Cytarabine 
Dacarbazine 
Indicine N-oxide 
Daunorubicin 
Combination chemotherapy 
Radiation therapy plus 
Cyclophosphamide 
Busulfan 
Carmustine 
Mitomycin C 
Other regimens 


Common 
Mithramycin 
L-Asparaginase 
Streptozocin 
Methotrexate (high dose) 

Rare 
Nitrosoureas 
6-Thioguanines 
Cytarabine 
Adriamycin 
5-Fluorouracil 
Cyclophosphamide 
Etoposide 
Vinca alkaloids 


Hepatocellular necrosis 


Hepatic steatosis L-Asparaginase 
Actinomycin D 
Mitomycin C 
Bleomycin 
Methotrexate 


Cholestasis 6-Mercaptopurine 
Azathioprine 
Busulfan 


Amsacrine 


Methotrexate 
Azathioprine 


Fibrosis 


Sclerosing cholangitis Floxuridine 


Peliosis hepatis Androgens 
Hydroxyprogesterone 
Azathioprine 
Hydroxyurea 


Tamoxifen 


Nodular regenerative hyperplasia Azathioprine 
6-Thioguanine 
Androgens 


Estrogens 


Hepatic neoplasms Estrogens 
Androgens 


Methotrexate 


with diabetes mellitus.’ Many of these risk factors, including 
alcohol and age, appear to be common in patients with psoriasis 
and act as drivers that determine the speed and frequency of 
methotrexate-related liver disease.“ Acute symptoms are rare. 
With advanced toxicity and cirrhosis, the clinical features will 
reflect these changes and are therefore nonspecific. Minor ele- 
vations of liver function test values may occur in many who 
take methotrexate (20% to 50%), but this does not necessarily 
imply significant toxicity.“ Conversely, liver test findings may be 
normal in the setting of severe fibrosis. With advanced disease, the 
laboratory findings reflect those associated with cirrhosis and its 
complications. 

In 1982 the Psoriasis Task Force devised a classification scheme 
for the liver biopsy findings in methotrexate hepatotoxicity”? 
(Table 56-18). Although this is probably the most popular clas- 
sification scheme, it is limited by its subjective nature, its propen- 
sity to overestimate fibrosis severity, inclusion of signs of unclear 
significance such as nuclear pleomorphism, and the fact that it is 
not used in assessing other liver diseases.“ A systematic review 
of 47 studies concluded that although elevated liver enzyme levels 
are frequent during methotrexate therapy, cirrhosis is rare, and 
the manner in which therapy should be adjusted if liver test or 
biopsy findings are abnormal is unresolved.’ This has been cor- 
roborated by a recent study that demonstrated that methotrexate 
contributed to only 117 (0.07%) of adults listed for and/or who 
underwent liver transplant in the United States during a period 
spanning 24 years (1987 to 2011).“” The study authors also called 
for a reappraisal of currently recommended protocols for monitor- 
ing methotrexate-related hepatotoxicity. 

There is no antidote for methotrexate toxicity. There is wide 
variation across nations and professional bodies as to how metho- 
trexate is administered and monitored.” Folic acid has been 
recommended to reduce the incidence of liver enzyme level eleva- 
tions.“ In the case of risk factors that appear to be common in 
patients with psoriasis, a liver biopsy is indicated. Noninvasive tests 
for fibrosis such as transient elastography have shown promise in 
identifying sever fibrosis and will likely supplant the use of liver 


Roenigk Histopathologic Classification of 
Methotrexate Hepatotoxicity 


| Mild or none Mild or none Mild or none None 

ll Moderate to Moderate to Moderate to None 
severe severe severe 

lila May or may May or may May or may Mild 
not be not be not be 
present present present 

Illb May or may May or may May or may Moderate to 
not be not be not be severe 
present present present 

IV May or may May or may May or may Cirrhosis 
not be not be not be 
present present present 
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biopsy." Recent evidence suggests that the earlier cut off 
threshold of a cumulative dose of 1.5 g for biopsy may be too 
low and a reasonable threshold may be higher particularly in the 
absence of risk factors.“ Although cumulative doses no doubt 
increase the probability of fibrosis, in one study evaluating liver 
biopsy, advanced fibrosis was seen in 2.6% of patients exposed 
to 4.5 g and 8.2% of patients exposed to 6 g.“® Also control 
of risk factors such as abstinence from alcohol, tighter control 
of sugars in diabetic individuals, and achievement of weight 
loss in obese individuals may limit the extent of injury due to 
methotrexate.” 

Leflunomide is a pyrimidine synthesis inhibitor that was 
approved for treatment of rheumatoid arthritis in 1998 and has 
also been prescribed for a small number of psoriasis patients. 
At the time of this drug’s approval, it was known that mild 
transient aminotransferase level elevations commonly occurred. 
However, in 2001, when the European Agency for the Evaluation 
of Medicinal Products (now the European Medicines Agency) 
reported 129 liver-related ADRs with 15 cases of ALF, subsequent 
careful monitoring of aminotransferase levels was mandated.” In 
a large U.S. study,°”' elevated levels of aminotransferases of more 
than two times the ULN were found in 1% to 2% of patients 
prescribed leflunomide or methotrexate monotherapy, and in 5% 
of patients prescribed both agents. Leflunomide-induced liver 
injury contributes to less than 1% of DILI registries,“ including 
death.” However, liver injury attributable to leflunomide appears 
to be low. 

Similarly to methotrexate, 6-mercaptopurine and azathioprine 
are probably used more frequently as immunosuppressive agents in 
the treatment of chronic inflammatory disorders and in the post- 
transplant setting than as antineoplastic agents. 6-Mercaptopurine 
has been in use for the last 60 years. It is a thiopurine analog of 
the natural purine bases. Its potential to cause hepatotoxicity is 
well recognized. Cholestatic liver injury appears to be the most 
common manifestation of its toxicity and may occur in 6% to 
40% of recipients. The effect appears to be dose dependent. 
Doses exceeding 2.5 mg/kg have the highest likelihood being 
toxic.°*°>°° The latent period between commencement of use 
of the drug and the onset of toxicity is anywhere from 1 to 18 
months. Adults appear to be more susceptible to injury than 
children.”’ 6-Mercaptopurine is metabolized extensively in the 
liver, and this probably relates to its hepatotoxic potential. The 
mechanism of toxicity for thiopurine-induced hepatotoxicity can 
be grouped into three syndromes, and most patients appear to 
fall into one of these groups: hypersensitivity, idiosyncratic cho- 
lestatic reaction, and endothelial cell injury that results in portal 
hypertension, veno-occlusive disease, or peliosis hepatis.” Jaun- 
dice and pruritus are the main presenting features. The labora- 
tory studies reflect a mixed hepatocellular and cholestatic injury 
with moderate elevations of serum AST, ALT, AP and biliru- 
bin levels.” Hepatic histopathology shows a mixed picture, 
with features of cholestasis, hepatocellular necrosis, and nodular 
regenerative hyperplasia. Management consists of discontinu- 
ation of use of the agent. Cases of fatal hepatic necrosis, in the 
setting of continued use despite evidence of toxicity, have been 
described. Rechallenge has led to recurrent hepatotoxicity in some 
cases.‘ 

Azathioprine is a prodrug of 6-mercaptopurine and appears 
to be less hepatotoxic than its parent compound. This notwith- 
standing, it is capable of causing liver injury with a spectrum of 
toxicity that is wider than that of 6-mercaptopurine. In addition 
to the cholestatic injury seen with 6-mercaptopurine,”””” other 


patterns have been recognized. Predominant cholestasis, with evi- 
dence of a hypersensitivity reaction, has been reported,°°' as has a 
primarily hepatocellular type of injury, especially in post—kidney 
transplant patients. More recently, several other lesions with a 
common pathogenesis, in that they involve an insult to the vascu- 
lar endothelium, have been appreciated. These conditions include 
striking sinusoidal dilatation, peliosis hepatis,°° nodular regen- 
erative hyperplasia,““°” hepatoportal sclerosis,“ and sinusoidal 
obstruction syndrome (SOS).°°°°. These observations were all 
made in the post—kidney transplant setting, and in one report on 
such patients the incidence of SOS was estimated to be 2.5%.°°* 
The onset of SOS occurs from 2 months to as long as 9 months 
after transplant. There is a male preponderance. In one series, 
coinfection with a hepatotropic virus was suggested as a prob- 
able contributing factor in the pathogenesis of SOS.°** Clinically, 
signs of portal hypertension with minimal elevations of the liver 
test values in a nonspecific pattern are noted. Portal hypertension 
may progress, which may have an effect on future morbidity 
and mortality. The hepatotoxicity appears to be primarily an 
idiosyncratic reaction, although azathioprine and its metabolite 
6-methylmercaptopurine nucleotide may also play a role.® As 
alluded to previously, the histologic features may include centri- 
lobular necrosis, cholestasis or nodular regenerative hyperplasia 
attributable to azathioprine. 

6-Thioguanine is also a purine analog, used primarily in the 
treatment of acute and chronic leukemia. As with azathioprine, 
its use appears to result in acute and chronic liver injury, chronic 
injury due to endothelial dysfunction leading to manifestations 
of SOS, nodular regenerative hyperplasia, and hepatoportal scle- 
rosis. ">>! The chronic injury presents with features of portal 
hypertension. In one study the incidence of portal hyperten- 
sion in patients with chronic myeloid leukemia who were treated 
with busulfan alone or busulfan with 6-thioguanine was deter- 
mined. In the latter group, 18 of 675 patients, compared with 
none in the busulfan-only group, developed portal hyperten- 
sion. Histologically, idiopathic portal hypertension with minimal 
morphologic abnormalities or nodular regenerative hyperplasia 
was the major finding; three patients developed cirrhosis and 
its attendant complications.” Other studies have described 
SOS in patients treated with 6-thioguanine and cytosine 
arabinoside.” >% 

5-Fluorouracil is used in the treatment of malignancies of the 
digestive system, breast, and ovary. It is a pyrimidine-based analog 
that is metabolized by the liver with little hepatotoxicity when 
used orally. Floxuridine, a derivative of 5-fluorouracil, is admin- 
istered by continuous intravenous infusion or by direct infusion 
into the hepatic artery for the treatment of hepatic metastasis from 
colon cancer.’ This leads to higher remission rates and 
improved survival, but at the cost of increased hepatic injury. 
Damage appears to be more common with direct hepatic artery 
infusions,” which cause a chemical hepatitis in 19% of the 
patients treated.°” Liver tenderness and elevations of serum AST, 
ALT, AP, and bilirubin levels characterize the reaction. In a smaller 
subset of patients, sclerosing cholangitis may develop. In one 
study of intraarterial infusion, all 35 patients developed a pre- 
dominantly cholestatic pattern of liver test findings. Seven patients 
receiving intraarterial therapy were studied with cholangiography, 
which in all cases demonstrated sclerosis of the intrahepatic or 
extrahepatic bile ducts. In addition, liver biopsies showed cho- 
lestasis and pericholangitis, with minimal hepatocytic damage. It 
was suggested that biliary sclerosis is probably more common than 
the often described chemical hepatitis.” In a study of 32 patients, 
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intrahepatic floxuridine administration was complicated by severe 
biliary strictures in three patients (9.3%), whereas cholestasis or 
elevation of the levels of aminotransferases was seen in five other 
patients (15.6%).°”° This is usually heralded by the onset of jaun- 
dice and marked elevations of serum AP level. Chemical hepatitis 
usually resolves after therapy is complete or discontinued. Cases 
with sclerosing cholangitis can be effectively palliated with endo- 
scopic retrograde cholangiopancreatography and stenting. Unlike 
primary sclerosing cholangitis, chemotherapy-induced sclerosing 
cholangitis primarily involves ducts at the porta hepatis rather 
than the intrahepatic ducts with focal areas of narrowing.°”’ The 
common bile duct is relatively spared because of its separate blood 
supply from the gastroduodenal artery.” The biliary tree is highly 
dependent on the hepatic arterial supply for oxygenation and 
delivery of nutrients, and it is thought that damage or dysfunction 
of the arteries caused by the chemotherapeutic agent leads to the 
biliary sclerosis. 

Capecitabine is a pyrimidine analog that is converted 
to 5-fluorouracil in the body and is better tolerated than 5- 
fluorouracil.” It is generally given in combination with other 
drugs. Major side effects include anemia and hand-foot syn- 
drome, which overshadow the mild unconjugated hyperbilirubi- 
nemia and aminotransferase level elevation seen in a number of 
individuals.°” 

Cytosine arabinoside is also a pyrimidine analog and is used 
in the treatment of acute myeloid leukemia. Hepatotoxicity 
appears to be dose related and the effects range from mild increases 
in serum AST, ALT, and AP levels to more significant elevations 
with frank jaundice and some deaths from ALE 66°? 

L-Asparaginase is an enzyme that catalyzes the hydrolysis of 
L-asparagine to aspartic acid and ammonia. Because leukemic 
cells cannot produce L-asparagine, whereas normal cells can, 
L-asparaginase is used to treat acute lymphocytic leukemia and 
T-cell lymphoblastic lymphoma. Abnormal liver test findings have 
been reported in up to 75% of recipients.‘ Hypersensitivity-type 
reactions, especially after repeated doses, are common and have 
been reported in 43% of recipients, although anaphylactic-like 
reactions occur in only approximately 10% of recipients.°**°* 
Steatosis, a finding more typical of a metabolic aberration, is 
common, occurring in 50% to 90% of recipients.®®® This is 
probably a result of impaired mitochondrial protein synthesis. 
Given the frequency of its occurrence, liver injury attributable 
to L-asparaginase is likely a direct toxic effect of the drug itself 
(rather than metabolic idiosyncrasy). The clinical features of 
reactions to L-asparaginase usually develop within 1 hour after 
administration and include pruritus, dyspnea, urticaria, swelling 
at the injection site, angioedema, rash, abdominal pain, laryngo- 
spasm, nasal stuffiness, bronchospasm, and hypotension.“ The 
liver test abnormalities include modestly elevated serum AST, 
ALT, bilirubin, and AP levels. The serum albumin levels and 
also levels of several other proteins that are synthesized by the 
liver are decreased. These proteins include factors I (fibrinogen), 
II (prothrombin), VII, IX, and X, ceruloplasmin, haptoglobin, 
transferrin, and lipoproteins.’ Coagulopathy may be a promi- 
nent feature. Elevated ammonia levels may occur (in keeping with 
the mechanism of action). The most prominent histologic finding 
is microvesicular steatosis described in 50% to 90% of patients 
that appears to increase in severity with increased duration of 
treatment.°*° Although liver test abnormalities are most common, 
hypersensitivity reactions often overshadow liver injury.°”” In cases 
of significant toxicity it is necessary to stop use of the drug. 
However, abnormal liver test findings are common, and it is often 
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difficult to differentiate hepatotoxicity from other toxic effects 
of the drug. Fatal outcomes can occur. Pegylated asparaginase, 
a less immunogenic form of the drug (pegaspargase), has been 
developed and is reportedly less likely to result in hypersensitivity 
reactions but liver test abnormalities are universal with elevated 
bilirubin levels (>3 mg/dL) and elevated levels of aminotransfer- 
ases (more than five times normal) seen in 31% and 63% patients, 
respectively. °** 

Mithramycin (plicamycin) is an antibiotic that can intercalate 
with DNA and thus inhibit RNA synthesis. In addition to its use 
as an anticancer agent in the treatment of testicular cancer, it is 
sometimes used in the treatment of hypercalcemia and Paget 
disease. Abnormal liver test findings occur in almost all patients 
treated.” The levels of serum aminotransferases may be quite 
elevated, and correlate with the dose. Depression of coagulation 
factor production and thrombocytopenia may result in a bleeding 
diathesis. Hepatocellular necrosis (zone 3) and steatosis have been 
observed in liver biopsies.” The lower doses used to treat hyper- 
calcemia and Paget disease are reportedly associated with less 
frequent hepatotoxicity.’ All of these features imply that mith- 
ramycin is an intrinsic hepatotoxin. 

Doxorubicin (Adriamycin) is also an antibiotic that inhibits 
DNA synthesis and is an important component in many combi- 
nation chemotherapy regimens. Bone marrow and cardiac toxici- 
ties are more common than liver injury, which presents in the 
form of transient liver test abnormalities. It has rarely been impli- 
cated as the cause of hepatic injury. In six cases of acute lympho- 
blastic leukemia it was thought to have caused acute or chronic 
hepatitis.’ It has also been postulated that doxorubicin potenti- 
ates the hepatotoxicity of 6-mercaptopurine and when used in 
combination with other drugs such cisplatin, cyclophosphamide, 
and etoposide predisposes to the development of SOS.°” Doxo- 
rubicin has a high propensity to produce cardiomyopathy that can 
result in congestive heart failure. The resultant liver congestion 
can sometimes be misleading, but reverses with appropriate treat- 
ment of the heart failure. 

Dactinomycin (actinomycin D) has been used for many years 
without much evidence of serious hepatotoxicity. A few cases of 
severe hepatic injury have been described when the agent is used 
alone or with vincristine.”*°” In a retrospective series of 4567 
patients with childhood cancers, severe liver toxicities occurred in 
6% to 12% of children, with younger patients being more at 
risk. Cases of SOS have also been described, especially in the 
setting of concomitant irradiation for treatment of Wilms 
tumor 0598 

In children a condition similar to SOS called Aepatopathy- 
thrombocytopenia syndrome has been identified for which an 
actinomycin-containing regimen is used; this occurs toward the 
end of the first cycle or the beginning of the second cycle.” The 
course and outcome are variable, and patients may later tolerate 
reduced doses of actinomycin.” 

Vinca alkaloids are derived from the periwinkle plant. Their 
antitumor effects are dependent on their ability to disrupt cellular 
microtubule function. Because vincristine is used in combination 
with other agents, its role in hepatotoxicity is not well defined. 
Rarely it may result in a mild increase in serum aminotransferase 
levels outside the setting of radiation therapy.” Otherwise, these 
agents do not appear to be significant hepatotoxins. 

Oxaliplatin, a cisplatin analog, is often used in combination 
with 5-fluorouracil or capecitabine in the treatment of colorectal 
liver metastasis (palliative or adjuvant).””'””’ Although peripheral 
neuropathy is a more common adverse effect of oxaliplatin use, 


sinusoidal dilatation/SOS and nodular regenerative hyperplasia 
have been described in 55% and 23% of patients who under- 
went hepatic resection after chemotherapy.” Irinotecan, another 
drug used to treat colorectal liver metastasis, is associated with 
steatosis.””* 

The alkaloid etoposide (VP-16) is a derivative of podophyllo- 
toxin. It disrupts the formation of the mitotic spindle. Acute 
hepatocellular necrosis has been reported.” In combination with 
ifosfamide, severe hepatotoxicity has been described.” 


Alkylating Agents 

Cyclophosphamide is commonly used in treatment regimens for 
leukemia, lymphoma, and solid tumors. It is also used in the 
treatment of a few chronic inflammatory conditions, such as 
Wegener granulomatosis and systemic lupus erythematosus. It is 
metabolized to its active form by CYPs. The alkylating species are 
usually formed only in cells with high turnover rates. However, 
hepatotoxicity may result from a metabolic idiosyncrasy in some 
individuals who form toxic amounts of these species in the hepa- 
tocytes. Hepatotoxicity appears to be a rare complication of 
therapy but can occur with the large doses used in cytoablative 
therapy and also from low doses resulting in cumulative toxicity. 
There are case reports of hepatocellular necrosis following admin- 
istration of a low dose of cyclophosphamide for treatment of lupus 
nephritis and scleroderma that resolved within 2 to 3 months of 
drug withdrawal.” Reports of cumulative hepatotoxicity after 
many years of use leading to hepatic angiosarcoma have also been 
described. ”® There are increasing reports of SOS in patients 
undergoing bone marrow transplant who receive a conditioning 
regimen containing cyclophosphamide and busulfan.””””'* SOS is 
more common after conditioning regimens of busulphan followed 
by cyclophosphamide (12.5%) than when cyclophosphamide is 
given before busulfan (0%).”'* There is a report of SOS in the 
nontransplant setting related to the use of cyclophosphamide.” 
Busulfan appears to be a contributing factor in the causation of 
SOS, as described previously. Ifosfamide, which is an analog of 
cyclophosphamide, has been reported to cause cholestasis when it 
is used in combination with etoposide (VP-16).”” Chlorambucil 
rarely causes hepatotoxicity, but there is a recent report of an acute 
cholestatic hepatitis with its use. Older, sparse reports focus more 
on hepatocellular injury.’ 


Nitrosoureas (Carmustine, Lomustine, 
Semustine, Streptozocin) 


These compounds can all cause what appear to be revers- 
ible hepatic dysfunction, with jaundice and an elevated AST 
level in up to 25% of cases. Higher doses have been noted to 
increase the AST level in up to 40% of patients.”’””'° With high 
doses of carmustine, fatal hepatic necrosis can occur, including 
SOS. Pericholangitis and intrahepatic cholestasis accompany 
mild hepatic necrosis in most cases.”'” Animal studies provide 
evidence that lipid peroxidation and alterations in the antioxi- 
dant system may significantly contribute to carmustine-induced 
hepatotoxicity, and some antioxidant agents may be of benefit 
in reducing the incidence of cholestasis.” Dacarbazine is used 
primarily to treat malignant melanoma and some lymphomas. 
Case reports implicate this drug in the causation of acute hepa- 
tocellular necrosis secondary to SOS.” This seems to occur 
within a few days of the second dose, and eosinophilia may be 
a feature, raising the possibility of an immunologically mediated 
process. Massive elevations of AST and ALT levels occur, and 
histologic results are consistent with SOS. There tends to be 


minimal inflammatory infiltration.” Management is supportive. 
It has been recommended that if eosinophilia develops after the 
first dose of dacarbazine, subsequent doses should be avoided.” 
Successful treatment with steroids in a case of ALF has been 
reported.” 


Immunosuppressants for Solid Organ Transplant 


Cyclosporin A, a calcineurin inhibitor extracted from Tolypocla- 
dium inflatum, revolutionized solid organ transplantation in the 
1980s by effectively controlling organ rejection. It has a narrow 
therapeutic window that requires the monitoring of trough serum 
levels, and because it is metabolized by CYP3A4, care must be 
taken with regard to drug interactions. Problems with erratic 
bioavailability led to the need for microemulsion preparations 
and careful twice daily dosing. With regard to DILI, cyclosporin 
has been reported to cause a mild, dose-dependent cholestatic 
injury ~~” with a highly variable frequency, and most of these 
cases were reported before there were reliable assays available for 
monitoring cyclosporin levels. In many patients hepatotoxicity is 
subclinical, with liver tests revealing mild, often transient increases 
in AP levels, occasionally accompanied by slight elevations of 
serum bilirubin and aminotransferase levels. In the setting of liver 
transplantation, there are often multiple other potential causes of 
liver dysfunction (e.g., infection, organ rejection, hepatic artery 
thrombosis), confounding conditions that must be ruled out 
with imaging studies and liver biopsy. Nephrotoxicity, hyperten- 
sion, dyslipidemia, and neurotoxicity are much more common 
problems. 

Tacrolimus, formerly known as FK-506, is another calcineu- 
rin inhibitor and has become more popular than cyclosporin A 
because of better bioavailability and fewer cases of ADRs such as 
hypertension and dyslipidemia. However, it is also metabolized 
by CYP3A4 and requires therapeutic monitoring, and compared 
with cyclosporin, it causes just as much nephrotoxicity and may 
cause more diabetes and neurotoxicity. DILI is extremely rare, but 
elevation of the levels of aminotransferases has been reported, but 
this resolves with lowering the dose or switching the treatment to 
cyclosporine. 7> 

Sirolimus (rapamycin) and the related drug everolimus (also 
used in higher doses for advanced renal cell cancer) are macrocyclic 
lactone compounds that cause immunosuppression by binding to 
mammalian target of rapamycin. They cause less nephrotoxicity 
than the calcineurin inhibitors and can be used when transplant 
patients develop kidney injury. A few cases of cholestatic and 
hepatocellular DILI have been reported”**”**””’ but these appear 
to be rare events. Switching to an alternative immunosuppressive 
agent is usually well tolerated, with resolution of injury 

Mycophenolate mofetil is an antimetabolite that inhibits 
inosine monophosphate and has largely replaced azathioprine in 
solid organ transplantation because of fewer side effects. Elevated 
levels ofaminotransferases were reported in 14% of Turkish kidney 
transplant patients,” as were significant elevations of aminotrans- 
ferase levels in patients with vasculitis and liver transplant.” 


Tyrosine Kinase Inhibitors 


Imatinib (Gleevec) was the first of this class of drugs, which 
includes bosutinib, dasatinib, INNO-406, lapatinib, and nilotinib, 
to be used for the treatment of leukemia. There have been major 
advances in long-term management of Philadelphia chromosome- 
positive acute lymphoblastic or chronic myelogenous leukemia, 
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gastrointestinal stromal tumors, and other such conditions. Unfor- 
tunately, imatinib may cause liver injury. Approximately 5% of 
patients develop moderate to marked increases in serum ALT level, 
which progresses to acute massive hepatic necrosis and fulminant 
liver failure. ”'7” In one case, resolution with withdrawal of ima- 
tinib and initiation of treatment with steroids resulted in resolution. 
Cross-reaction with sunitinib did not occur.” Cholestatic hepatitis 
has also been reported.” 


Biologic Response Modulators 


Alpha interferons are used in the treatment of chronic viral hepa- 
titis (C and B), some solid tumors (e.g., Kaposi sarcomas in 
patients with HIV infection), melanoma, and certain leukemias. 
Hepatotoxicity is extremely rare with the low percutaneous doses 
used to treat hepatitis. However, a few cases that probably repre- 
sent induction of autoimmune hepatitis by interferon--induced 
enhancement of the immune system have been described.” In 
addition, a small subset of patients being treated for chronic 
hepatitis C often have mild elevations of AST and ALT levels, 
despite a good virologic response. These return to normal levels 
when use of the interferon is discontinued, suggesting that 
interferon-o plays a role in their elevation. The incidence of liver 
enzyme abnormalities seems somewhat more common with the 
pegylated interferons than with the standard interferons.” Eleva- 
tions of serum aminotransferase levels are more frequent with 
administration of the higher doses of interferon-O used in therapy 
for malignancies.” Rare cases of jaundice and hepatic failure 
have been reported with interferon-Ol),.”°° Beta interferons are 
used increasingly in the treatment of multiple sclerosis and may 
cause liver injury of various severity, ranging from asymptomatic 
elevation of liver enzyme levels to fatal liver injury.” A population- 
based review of 844 Canadian patients with multiple sclerosis who 
were prescribed beta interferon showed 40% developed new eleva- 
tions of serum ALT levels.” Tumor necrosis factor & (TNF-«) is 
a biologic agent that is produced in response to several types of 
injury, such as alcoholic liver disease and chronic inflammatory 
bowel disease. It has been implicated in the pathogenesis of cho- 
lestasis,““' and therefore it is not surprising that it has been found 
to cause profound cholestasis when it is used as treatment in 
advanced colorectal cancer.’ Anti-TNF-o drugs, including inf- 
liximab, adalimumab, and etanercept, have been found to reacti- 
vate latent infections, such as chronic hepatitis B or tuberculosis, 
and to lead to enhanced rates of replication of the hepatitis C 
virus. The common indications for their use include inflammatory 
bowel disease, psoriasis, psoriatic arthritis, and rheumatoid arthri- 
tis. All three have been associated with hepatotoxicity. Infliximab 
has been implicated more often than the others in part because 
of its being in use for the longest time in the largest number of 
patients compared with other TNF-a antagonists.” However, 
the risks of hepatotoxicity of this chimeric murine-human mono- 
clonal antibody appear higher than for the other anti- TNF-a 
agents, which are fully humanized. “47 

The severity of hepatitis has ranged from serum aminotrans- 
ferase level elevations that are self-limited to clinically significant 
acute hepatitis and ALF. In a recent review of 34 cases of liver 
injury from TNF-o antagonists, hepatitis with autoimmune fea- 
tures was described in nearly two thirds of patients, suggesting a 
class effect despite structural differences.” The group with auto- 
immune hepatitis features have a longer latency (16 weeks) with 
a more severe disease phenotype as reflected by a higher peak 
serum total bilirubin level (2.4 mg/dL), ALT level (784 U/L), and 
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R value (13). Recovery was universal with cessation of use of 
the implicated drug and sometimes after therapy with prednisone 
and azathioprine.” Only one patient with underlying cirrhosis 
and liver failure has received a liver transplant.’“° Liver injury from 
TNF-© antagonists is common in women with a median latency 
of 16 weeks (range 2 to 52 weeks). Cross-toxicity was not observed 
when etanercept was replaced by infliximab.“ The mechanism of 
injury is uncertain, but an immunoallergic reaction may be 
involved given the high proportion of patients (66%) with auto- 
immune serologic markers and/or histologic features of auto- 
immune hepatitis.” 

Interleukin-2 immunotherapy is associated with the develop- 
ment of profound reversible cholestasis and hyperbilirubinemia 
in a large proportion of patients (up to 85%) who receive it.” 
There is evidence to suggest that this reversible cholestasis is a 
direct result of interleukin-2-dependent reduced excretion of 
bile.” Clinical features include jaundice, right upper quadrant 
pain and tenderness, nausea, pruritus, and hepatomegaly. Surpris- 
ingly, the administration of total parenteral nutrition has been 
noted to reduce the incidence of this phenomenon.” Several 
other biologic response modifiers, including thalidomide,”'”” 
lenalidomide (Revlimid), "7" and leflunomide (Arava), "76 
have been reported to cause severe liver injury. Lenalidomide is a 
thalidomide analog, and both drugs have been associated with 
acute liver injury with some instances of death. Most instances of 
hepatotoxicity were described in patients being treated for mul- 
tiple myeloma with a latency period of a few weeks. Liver disease 
can range from mild to severe with both a hepatocellular and a 
cholestatic pattern. Resolution generally occurs with cessation of 
therapy. 


Liver Injury Due to Immune 
Checkpoint Inhibitors 


Multiple pathways and molecules other than the ones mentioned 
so far are involved in the preservation of immune regulation and 
tolerance. Sometimes liver injury can be an unexpected result of 
an onslaught by the immune system on malignant cells. Pro- 
grammed cell death ligands (programmed death ligand 1 and 
programmed death ligand 2) on liver sinusoidal endothelial cells 
and Kupffer cells together with ligands for programmed cell death 
1 receptors on activated T cells play a role in immune down- 
regulation.” Programmed cell death 1 and programmed death 
ligand 1 are immune checkpoints that limit the response of acti- 
vated T cells. Another immune checkpoint molecule is cytotoxic 
T lymphocyte-—associated protein 4, a key inducer of immune 
tolerance. It opposes CD28 costimulation and down-regulates 
T-cell responses.” Knowledge of checkpoints has increased our 
understanding of the role of these systems in tolerance, and their 
role in pathogenesis of cancers such as malignant melanoma. Use 
of checkpoint agents against cytotoxic T lymphocyte—associated 
protein 4 and programmed cell death 1 has given rise to instances 
of immune-mediated liver injury.” 

Ipilimumab, an antibody against human cytotoxic T 
lymphocyte-associated protein 4, in a phase 3 trial conducted 
in patients with metastatic melanoma produced severe hepatitis 
in 0.8%, including death.” Further reports of hepatitis (in 11 
of 752 exposed patients) necessitating treatment with steroids 
have been described and are largely thought be autoimmune 
hepatitis related to overtreatment. ® The severity can range from 


an asymptomatic rise in liver test values to severe hepatitis and 
liver failure. Biopsy findings reveal panlobular hepatitis (hepatitic 
pattern) or bile duct injury pattern (biliary pattern).””' Nivolumab 
and pembrolizumab are humanized monoclonal antibodies that 
bind to programmed cell death 1 and prevent T-cell inactivation. 
These two agents, approved for use in treatment of advanced 
solid organ cancers such as metastatic melanoma and metastatic 
non-small cell lung cancer, are also associated with immune- 
related adverse events, including autoimmune hepatitis—type liver 
injury.’ 


Botanicals, Herbal Products, 
and Dietary Supplements 


For most of our history, natural products have served as the 
sources of our medicines. Pharmacologic agents as we now know 
them began to be developed only in the nineteenth century by 
chemists working in the synthetic dye industry.” 

Evidence of the early use of natural products as drugs dates 
back as far as 5000 years, on the basis of writings on clay tablets 
in Mesopotamia and writing in an ancient Chinese book, Pen 
Tsao, that described more than 300 herbs for medical treatments. 
Numerous medicinal herbs were also described in ancient Indian 
Ayurvedic medicines. 

Until a generation ago, most ethical drugs were derived from 
plants. Examples include digitalis, derived from purple foxglove, 
quinine, derived from bark of the cinchona tree, and aspirin 
(acetylsalicylic acid), derived from the bark of the willow tree. 

The use of BHDS is increasing throughout the world, espe- 
cially in the United States and other developed countries, even in 
the current era of modern pharmaceutical agents with carefully 
defined structures and functions. For example, in the U.S. 
National Health and Nutrition Examination Survey, the percent- 
age of the U.S. adult population reporting using such supple- 
ments increased from 23% in 1971 to 1974 to 35% in 1976 to 
1979, to 52% in 1990 to 2000.” Annual expenditures on BHDS 
in the United States have increased as well, from $13.2 billion in 
1990 to $33.9 billion in 2007, about one third of the total spent 
on prescription drugs.” 

Although it is often assumed that BHDS are natural and 
therefore must be safe, this assumption is incorrect. Approxi- 
mately 16% to 18% of clinically important cases of DILI con- 
tained in the U.S. DILIN registry have been ascribed to 
BHDS.’*”® It is noteworthy that in the U.S. DILIN registry, the 
proportion of cases of liver injury from BHDS nearly tripled 
from 2004 to 2012 (from 7% in 2004 to 2005 to 20% in 2010 
to 2012). With rare exception, the causative agents have 
been commercial, multiingredient products being taken for 
bodybuilding/performance enhancement or weight loss.” 


Some Botanicals, Herbal Products, and Dietary 
Supplements Associated With Liver Injury 


Black cohosh (Cimicifuga racemosa) is widely used in the hope 
of relief of menopausal symptoms. It has been reported to cause 
severe and even fatal liver injury or liver injury requiring liver 
transplant. 7061 This prompted the U.S. Pharmacopeial 
Convention to publish a cautionary summary in 2008.” 
Bodybuilding/performance-enhancing agents are major and 
growing causes of liver injury. They cause an initially hepatocellular 


or mixed type of liver injury in young men, including many in 
the U.S. Armed Forces, where liver injury has emerged as an 
important cause of illness and loss of fitness for military service 
Afflicted young men develop severe, prolonged cholestatic injury 
with fatigue, weight loss, loss of appetite, severe itching, and 
prolonged jaundice. Acute kidney injury is also common. The 
causative agents are likely 17-alkyl-substituted testosterones or 
their congeners, which are well known to cause such liver injury. 
Fortunately, despite prolonged DILI with loss of productivity, 
affected individuals eventually recover 

Green, black, and oolong teas are prepared from leaves of 
Camellia sinensis, a bushlike tree indigenous to southwestern 
China and northern Myanmar. Green tea contains 30% to 40% 
polyphenols by weight, whereas black tea contains 3% to 10%. 
The potentially toxic ingredients are catechins, including (+)- 
catechin, gallocatechin, epicatechin, epigallocatechin, and epigal- 
locatechin gallate. The latter is believed to be the most active and 
potentially hepatotoxic component.” Studies in mice have 
shown that epigallocatechin gallate is a dose-dependent hepa- 
totoxin.””’””* Genetic factors are probably important, as shown 
by marked variations in toxicity in genetically outbred strains 
of mice.””””” Although there are numerous experimental studies 
indicating favorable or protective effects of epigallocatechin gallate 
and other catechins, the ingestion of concentrated extracts of 
green tea in humans has been associated with many instances of 
acute, hepatocellular-type liver injury, including some with posi- 
tive rechallenge.””*”” It is likely that liver injury due to Exolise, 
Hydroxycut, and other commercial mixtures of BHDS is due 
chiefly to the hepatotoxicity of catechins/concentrated extracts 
of green tea. 

Chaparral (Larrea tridentata) is used for many reasons, espe- 
cially weight loss. Liver injury caused by it is mainly cholestatic 
and is thought to due to inhibition of prostaglandin G/H syn- 
thases and CYPs by nordihydroguaiaretic acid.’”°””* 

Comfrey (Symphytum officinale) contains pyrrolizidine alka- 
loids, which are known to cause sinusoidal obstruction syndrome 
(SOS). Typical clinical features include right upper quadrant pain, 
hepatomegaly, and ascites. Cirrhosis may develop. 

Germander (Teucrium chamaedrys) has been reported 
to cause liver injury ascribed to highly reactive epoxides of 
diphtheroids.’” 

In 2013, shortly after OxyElite Pro had been reformulated at 
the insistence of the U.S. FDA, with removal of dimethyl amyla- 
mine, but with the addition of chemically synthesized aegeline, 
obtained from China, there was an outbreak of 29 cases of severe, 
acute DILI, including deaths or need for liver transplant, which, 
after careful study, were attributed to the new formulation of 
OxyElite Pro.’ Most were observed in Hawaii, among Asians/ 
Pacific Islanders, although several were noted among people of 
other races and ethnicities on the mainland United States. The 
FDA and the Centers for Disease Control and Prevention inves- 
tigated the cluster of cases in Hawaii. This led to the demand by 
the FDA that the new formulations of OxyElite Pro be recalled 
by the manufacturer (USP Labs, Dallas, TX, United States). The 
precise causative agent(s) and mechanism(s) of injury remain 
unknown. 


Summary 


BHDS are used extensively, mainly for bodybuilding/performance 
enhancement and weight loss. Because they are widely adver- 
tised and promoted as natural products, they are widely, albeit 
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erroneously, assumed to be safe. Growth in their use is directly 
related to growth in advertising, especially on the Internet, and to 
growing wealth and disposable income of the populace. They are 
probably no safer and less effective than ethical drugs. One reason 
for their potential riskiness is that their manufacture and sale in 
the United States are not regulated by the U.S. FDA or other 
regulatory agencies, leading to uncertainty about the accuracy of 
their reported and unreported contents. (For a recent review, see 
Seeff et al.”*') 


Conclusion 


DILI is underdiagnosed and underappreciated as a cause or con- 
tributor to liver injury. Drugs and toxins should be considered in 
virtually all types of liver injury occurring in individuals of all 
ages, although the risks are higher in older individuals (and prob- 
ably increase progressively with age: it is not clear whether this is 
due to increased intrinsic risk or because older people take more 
drugs and therefore have more opportunities to experience ADRs). 

Although older drugs continue to contribute to much of the 
literature regarding DILI and its complexities (e.g., isoniazid and 
amoxicillin—clavulanic acid), newer information about the safety 
of older drugs (statins and methotrexate) and increasing reports 
of liver injury from newer agents (anti- TNF-0 agents and immune 
checkpoint inhibitors) continue to dominate much of the DILI 
literature. 

A goal that now appears attainable within the next generation 
is to define the environmental and host factors that underlie the 
development of idiosyncratic DILI. The establishment of a 
national registry of individuals with bona fide, well-characterized 
DILI and the discovery of the genetic polymorphisms and other 
factors that distinguish these individuals from those with similar 
demographics and drug exposure who do not develop DILI has 
advanced knowledge of the effect of various factors on DILI. 
Efforts from the DILIN with funding provided by the National 
Institute of Diabetes and Digestive and Kidney Diseases of the 
National Institutes of Health and other countries, including those 
in Europe and Asia, have already contributed much toward that 
knowledge. Although genome-wide association studies have had 
mixed results, it is only through careful phenotype-genotype cor- 
relation in individuals with DILI versus suitable controls that we 
will realize the promise implicit in the sequencing of the human 
genome and the analytic advances that have made metabolomics 
and metabonomics emerging fields of science. A highly notewor- 
thy recent development is the establishment of the LiverTox 
website, which is an open-access, unbiased, encyclopedic resource 
on DILI. 
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SUMMARY 


Recent Progress Key Knowledge Gaps 

e Acetaminophen and antimicrobials are the most common causes of e Why some individuals develop DILI and many others who are exposed do 
dose-related and idiosyncratic DILI. Herbal-induced DILI is increasing not despite their carrying the same genetic and HLA markers needs 
worldwide. further study. 

e Tolerance to drugs is a default response by the liver. Breakdown of e Biomarkers for early liver injury that will help prevent potential liver 
tolerance results in DILI. Animal models have identified multiple factors damage are urgently needed. 


that result in adaptation. , p 
e Both innate and adaptive mediated liver injury is responsible for much of Future Directions 


idiosyncratic DILI. e Advances in proteomics, metabonomics, and genomics should clarify the 
e Host genetic factors, including specific HLA-associated immunologic role of factors in causation of DILI and its prevention. 

factors, metabolic factors, and drug characteristics play important roles e More work is needed to fine-tune causality assessment methods. 

in DILI. 


e Indirect hepatotoxicity from drugs that induce liver injury or alter a 
preexisting liver condition is increasing (e.g., immune checkpoint therapy 
medications). 
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ABBREVIATIONS 


ALT alanine aminotransferase 

AST aspartate aminotransferase 

LDH lactate dehydrogenase 

MELD Model for End-Stage Liver Disease 
rFVIla recombinant factor Vila 


Introduction 


It is estimated that up to 10% of cirrhotic patients will undergo 
surgery in the final 2 years of their lives. This leads to the need 
for a careful review of preoperative and postoperative liver dys- 
function in this group of patients. In this chapter we will review 
many aspects of what is known with regard to how the normal 
and diseased liver reacts to operative procedures. 

The liver is the major site for the metabolism of many drugs 
and is responsible for the synthesis of most serum proteins and 
the removal of endogenous and exogenous toxins. Therefore post- 
operative liver dysfunction may slow the recovery of a patient who 
has undergone surgery. Because of the liver’s role in drug metabo- 
lism, it is susceptible to injury by a variety of xenobiotics. Altera- 
tions in hepatic blood flow may also affect liver function, especially 
in the patient with underlying chronic liver disease. Therefore it 
is not unexpected that liver test result abnormalities are noted 
frequently in patients after surgery.” However, clinical jaundice is 
rare (<1%) in patients with normal livers, and its development 
should prompt a thorough evaluation of its cause. Before review- 
ing the causes of postoperative liver dysfunction, we will briefly 
discuss the evaluation of the patient with abnormal liver test 
results found during preoperative testing. If the surgery is critical 
to the patient, the presence of preoperative liver dysfunction 
should have no effect on the decision to operate. However, if the 
surgery is elective, the finding of abnormal liver test results pre- 
operatively should prompt an evaluation as to their cause, and an 
estimate of liver function and reserve should be made. 


Preoperative Liver Dysfunction 


The frequency of unsuspected liver disease is approximately 1 in 700 
of otherwise healthy surgical candidates, making this a common 
clinical problem.** Of most concern to surgeons and anesthesi- 
ologists are elevations of the serum aspartate aminotransferase 


(AST), alanine aminotransferase (ALT), and bilirubin levels, and 
disorders of coagulation. Elevations of alkaline phosphatase or 
y-glutamyltranspeptidase levels are of little clinical significance 
and should not prompt an evaluation unless they are associated 
with other clinical findings (see Chapter 7). The significance of a 
low serum albumin level alone is difficult to interpret because of 
the multiple causes of a fall in the concentration of this protein 
(see Chapter 7). It is useful to divide patients with preopera- 
tive liver dysfunction into three groups: (1) asymptomatic with 
normal physical examination findings; (2) symptomatic; and (3) 
physical and biochemical findings of chronic liver disease. 

Asymptomatic patients with normal physical examination find- 
ings and abnormal liver test results (increased AST and ALT levels) 
are encountered frequently (9.8% of adults in the United States),’ 
raising concerns that they have underlying liver disease that may 
increase the risk of surgery. The abnormal liver test results most 
likely reflect a subacute or chronic form of liver injury, resulting 
from viral hepatitis, drugs, and/or alcohol, or especially fatty 
liver.” We lack information as to whether this group of patients is 
at any increased risk from surgery, but it is the author’s opinion 
that if the serum bilirubin, albumin, and clotting test results are 
normal and the increase in the levels of aminotransferases is mild 
(twofold to fivefold), there is little, if any, increase in surgical risk. 
Deciding to perform surgery and ensuring its successful comple- 
tion in this type of patient should not be an end to the evaluation 
of the liver disease. After surgery the liver test findings need to be 
monitored; if they are persistently abnormal, a thorough evalua- 
tion should be performed. 

Greater increases in the levels of aminotransferases are more 
problematic only because they suggest more significant hepatic 
injury. Anesthetic agents may adversely affect hepatic function 
because of decreases in splanchnic blood flow and thereby oxygen 
delivery to the liver.” Early studies suggested that this may be a 
real clinical concern when an increase in operative mortality was 
observed in patients with acute hepatitis.” However, in other 
studies no increase in mortality has been found when surgery was 
performed in patients with coincidental acute viral hepatitis.'*"* 
All of these studies suffer from being anecdotal and reporting on 
small numbers of patients. In addition, many patients were jaun- 
diced, suggesting the presence of significant liver injury. Despite 
these uncertainties, if the surgery is elective, a delay in the opera- 
tion is the most conservative approach. Liver tests should be 
performed 2 weeks to 3 weeks later, and if the abnormalities 
persist for several months the patient should be evaluated 
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completely. If it is decided to perform an elective operation when 
AST and ALT levels is elevated more than fivefold but a normal 
albumin level, a normal prothrombin time, and a normal biliru- 
bin level is noted, the risk to the patient probably remains small. 
However, if the liver test results worsen postoperatively, defining 
whether the surgery or the initial illness is at fault will be difficult. 
There is no evidence that the presence of liver disease increases 
the risk of developing anesthetic-induced hepatitis’? (see Chapter 
56); there is therefore no need to alter the choice of anesthetic 
agent used for the surgery. 

Isolated elevations in the serum bilirubin level are usually due 
to Gilbert syndrome (see Chapter 58); this syndrome does not 
increase the risk of surgery. If the elevations of bilirubin level are 
seen in association with elevations of AST and ALT levels or the 
alkaline phosphatase level, the cause of the liver injury needs to 
be determined before any elective surgery is performed. Isolated 
prolongation of the prothrombin time is an unusual manifestation 
of liver disease but suggests the presence of cirrhosis or a severe 
acute or subacute injury. 

The symptomatic patient with elevated liver test concentra- 
tions is of greater concern when elective surgery is planned. The 
presence of symptoms (nausea, vomiting) in association with 
elevated liver test concentrations suggests that the patient is devel- 
oping an acute illness that may worsen before it abates. Therefore 
if the patient is subjected to surgery and the test results worsen, 
it will be very difficult to determine whether the patient is suffer- 
ing from a preexisting condition or a complication of surgery (i.e., 
anesthetic-induced hepatitis). In addition, there is uncertainty as 
to whether or not acute viral hepatitis increases the risk of 
surgery'*'*; therefore elective surgery should be postponed until 
the hepatitis has resolved. 

A special subset of the symptomatic patient is represented by 
patients with markedly elevated levels of aminotransferases. This 
group is varied as to cause of these elevations: the causes range 
from ischemic hepatitis or cardiac dysfunction, drugs, liver 
trauma, and cancer metastases to the liver to rhabdomyolysis. A 
review demonstrated that the overall mortality of patients with a 
serum AST level greater than 3000 IU/L was 55% and that in 
ischemic hepatitis patients it was 75% compared with 33% for 
all other causes. This group should clearly be excluded from con- 
sideration for any elective surgery.’ 

The presence of clinical (i.e., splenomegaly, spiders, palmar 
erythema, ascites) and biochemical (i-e., low albumin level, pro- 
longed prothrombin time) evidence of chronic liver disease is of 
greatest concern when one is planning elective surgery. The risk 
of the surgery is determined by how well the liver is functioning” 
and the presence or absence of symptoms. For example, patients 
with chronic hepatitis appear to have an increased surgical risk if 
they are symptomatic.'”'® Elective surgical procedures in patients 
with evidence of chronic liver disease should be delayed until the 
cause of the liver disease has been determined and the severity of 
the injury has been fully assessed. 

The most common cause of chronic liver disease in the Western 
world is alcoholism. Alcoholic liver disease can manifest itself as 
fatty liver, alcoholic hepatitis, cirrhosis, or a combination of these 
conditions (see Chapter 23). The risk associated with surgery in 
patients with fatty liver appears to be small.'’ It is not uncom- 
mon to find unsuspected cirrhosis in obese patients at the time 
of bariatric surgery. Among 125 patients with cirrhosis detected 
at surgery, Brolin et al.'” were able to proceed with their planned 
bariatric surgery in 74% of the patients; the result was no intraop- 
erative deaths and a 4% mortality rate. In a larger review, patients 


with Child class A/B cirrhosis were at greater risk of complications 
(21.3%), liver decompensation (6.55%), early mortality (1.6%), 
and late mortality (2.45%) compared with those without cirrho- 
sis. The risk also did not appear to be influenced by the type of 
gastric bypass.” The presence of hepatitis C without cirrhosis may 
increase the risk of complications following orthopedic surgery 
without a change in mortality.” Alcoholic hepatitis can be present 
as an asymptomatic illness or may be associated with jaundice 
and liver failure. Elective surgery in a patient with decompen- 
sated liver disease resulting from any cause is ill-advised. Even 
in patients with better preserved liver function, elective surgery 
in patients with acute symptomatic alcoholic hepatitis is associ- 
ated with increased morbidity and mortality and should not be 
performed.'”** The effect of asymptomatic alcoholic hepatitis on 
surgical mortality has been studied best in patients undergoing 
portosystemic shunt surgery.” The presence of large amounts 
of alcoholic hyaline in a liver biopsy specimen indicated a high 
likelihood of death in some series.”””* In another series, the 1-year 
survival rate of patients after the insertion of a portosystemic 
shunt was 70% to 74% in the absence of alcoholic hyaline and 
only 10% in those with alcoholic hyaline in a liver biopsy. In con- 
trast, other investigators have found no correlation between the 
presence of alcoholic hyaline and survival rates.” Despite these 
uncertainties, elective surgery in a patient with clinical features of 
alcoholic hepatitis should be avoided. It is very difficult, however, 
to determine whether an alcoholic patient has a fatty liver or a 
more serious lesion (i.e., alcoholic hepatitis) on the basis of liver 
test results alone. Therefore the most conservative approach in a 
chronic alcoholic patient who requires elective surgery and who 
has abnormal liver test results is either to perform a liver biopsy 
to define the nature of the liver injury or a period of abstinence 
(2 months to 3 months) to allow the acute injury to resolve 
before surgery. 

There is little question that the presence of cirrhosis increases 
the risk of performing surgery, especially if it is an intraabdominal 
operation.” > Published mortality rates range from 0% to 100% 
depending on the type of surgery and the severity of liver disease.” 
These differences in survival rates reflect the variability in the 
clinical state of the patients reported in the different studies. The 
risk of performing surgery is defined best by the clinical severity 
of the cirrhosis (e.g., Child classification, Model for End-Stage 
Liver Disease [MELD] score).'’*”*' Patients with good hepatic 
function, no ascites, and a good nutritional state (Child class A) 
do well with surgery, whereas those with jaundice, low serum 
albumin levels, ascites, and muscle wasting have a high operative 
mortality and postoperative morbidity. Fig. 57-1 shows the rela- 
tionship between the MELD score and postoperative mortality at 
30 days and 90 days.*' Although there is no clear inflection point, 
when the MELD score exceeds 10, the expected mortality exceeds 
10%, a meaningful number when one is discussing elective 
surgery. For MELD scores greater than 20, the expected mortality 
exceeds 50%. A single-point increase in the MELD score was 
associated with a 14% to 15% increase in the risk of death at 30 
days and 90 days respectively.’' Elective surgery can be performed 
in patients with decompensated liver disease but the surgeon must 
have experience in the treatment of this type of patient to mini- 
mize the risks of surgery. Emergent surgery appears to carry a high 
risk of in-hospital death for certain procedures as compared with 
elective operations. The presence of portal hypertension also 
appeared to increase the surgical risk.” 

A difficult problem that many surgeons face is performing a 
cholecystectomy in a patient with cirrhosis. Mortality rates of 
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rney DM, Stevens SR, et al. Risk factors for mortality after surgery in 
patients with cirrhosis. Gastroenterology 2007;132:1261-1269.) 


7.5% to 25.5% and morbidity rates of 4.8% to 25% have been 
reported.*”’*“! In addition, many patients require transfusions, 
especially if they have decompensated liver disease.” Factors asso- 
ciated with increases in morbidity and mortality include low 
serum albumin levels, coagulopathy, higher Child-Pugh score, 
and more bleeding during surgery.“ A subtotal cholecystectomy 
used to be suggested for patients with cirrhosis and portal hyper- 
tension.” In the past, open cholecystectomy was recommended 
for patients with cirrhosis, but studies since the 1990s suggest that 
in Child class A and class B patients, elective laparoscopic chole- 
cystectomy is preferred because there is less bleeding, fewer wound 
infections, and less time in the hospital than with open cholecys- 
tectomy.'”*?“° The complication rate after urgent cholecystectomy 
is significantly higher (36%) than that after elective laparoscopic 
cholecystectomy (16%) in cirrhotic patients, suggesting that, if 
possible, stabilization of the patient with medical management 
followed by elective surgery would be preferable.” Given the high 
rates of mortality and morbidity in patients with advanced cir- 
rhosis undergoing cholecystectomy and the increased difficulty 
associated with liver transplant in patients with a previous chole- 
cystectomy, the author believes that the presence of recurrent 
cholecystitis in a patient with advanced liver disease should be 
considered an indication for liver transplant while conservative 
management is being performed. This may require an appeal to 


be filed with the United Network for Organ Sharing for U.S. 
patients to allow them to have a higher-priority MELD score. In 
the acutely ill patient, placement of percutaneous cholecystos- 
tomy tubes may be attempted but this may be difficult to perform 
in patients with significant ascites. 

Complication rates are also quite high for cirrhotic patients 
with abdominal surgical procedures other than just cholecystec- 
tomy. The overall mortality rate for urgent abdominal surgery has 
been reported to be 45% to 57% versus 10% to 18% with elective 
surgeries. Important predictive factors associated with mortality 
in some studies include the presence of ascites (p = 0.006), 
encephalopathy (p = 0.002), and coagulopathy (p = 0.021).”**” 
The mortality rates by the Child classification likewise demon- 
strate a progressive increased risk as liver disease worsens and are 
reported as 10% for patients with class A cirrhosis, 30% to 31% 
for patients with class B cirrhosis, and 76% to 82% for patients 
with class C cirrhosis. The causes of death from gastrointestinal 
tract surgical procedures in a series by Mansour et al.® were 
coagulopathy or sepsis in 81% of cases. A 1984 report classified 
87% of deaths as being due to multisystem organ failure.” These 
data suggest that the surgery should be converted from an emer- 
gent procedure to an elective one, wherever possible, but this may 
depend on the situation. It remains to be seen if the new MELD 
scores will be more predictive of operative morality for these 
procedures than is the Child classification. 

Given that coagulopathy plays a major role in postoperative 
abdominal surgery complications seen in cirrhotic patients, it is 
interesting to speculate what the future role of recombinant factor 
VIIa (rF VIIa) may be for these patients. Data on the use of rFVIla 
have been increasingly seen in the literature, and there are scat- 
tered reports of use of this medication for limited abdominal 
procedures, such as diagnostic laparoscopy and some other radio- 
logic and surgical procedures.“°** It is unclear whether this effect 
is transient in nature, and if surgery is performed what impact 
this would have on overall postoperative bleeding complications 
and patient survival rates. Use of rF VIIa has been shown to be 
ineffective in controlling variceal bleeding, and its use during 
intraabdominal operations clearly has not been of any benefit.” 

Cardiac surgery in more advanced cirrhotic patients likewise 
has a reported high complication rate.””’' Little mortality was 
noted in Child class A patients who underwent cardiac surgery 
but mortality was reported to be 42% to 50% in Child class B 
patients for similar surgical procedures and 100% in patients with 
Child class C cirrhosis. Higher MELD scores were also predictive 
of a worse outcome following cardiac surgery.’’ Probable con- 
tributors to the increased mortality include liver perfusion injuries 
related to cardiopulmonary bypass, as well as bypass aggravation 
of the coagulopathy, which may already be present in these 
patients. New advances in the use of cardiac stents and valvulo- 
plasty techniques may help these patients avoid thoracotomy. For 
example, transcatheter aortic value replacement has been success- 
fully performed in patients with advanced liver disease.”””’ 


Postoperative Liver Dysfunction 


‘Table 57-1 lists the most common causes of liver dysfunction and 
jaundice in postoperative patients. In a review of surgical compli- 
cations in cirrhotic patients, the 30-day mortality rate was reported 
to be 11.6%, with a 30.1% perioperative complication rate.” The 
causes of this mortality rate are separated into two large groups 
but many patients have a mixed picture, which increases the dif- 
ficulty in making a correct cause-to-outcome association. 
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TABLE e . . 
Causes of Postoperative Liver Dysfunction 


Hepatitis-Like 
Drugs 
Anesthetic 
Ischemia 
Cardiac 
Shock (noncardiac) 
latrogenic (ligation hepatic artery) 
Viral hepatitis 


Cholestasis 


Benign postoperative cholestasis 
Sepsis 
Drugs 

Antibiotics, antiemetics 
Bile duct injury 
Choledocholithiasis/pancreatitis 
Cholecystitis 


Anesthetic-Induced Liver Injury 


Anesthetic-induced hepatitis is of most concern because of a high 
incidence of hepatic failure. Liver injury resulting from any of 
the currently used anesthetics is rare.” By 1985 more than 
500 cases of halothane hepatitis had been reported; however, the 
estimated frequency of hepatitis resulting from halothane is 1 in 
10,000 operations.’ The putative toxin is a metabolic product 
of halothane; therefore other halogenated anesthetic agents that 
are less extensively metabolized than halothane have an even 
lower incidence of hepatotoxicity.'””? Published mortality rates 
range from 10% to 80%, with rates of 10% to 30% being most 
representative.” 

The development of symptoms (fever or jaundice) is seen 7 to 
14 days after a single exposure and 5 to 7 days after multiple 
exposures to halothane. The patients at greatest risk are obese 
females, but adverse reactions have been seen in all types of 
patients. Fever is the most common symptom of halothane- 
induced hepatitis and may be present in the absence of jaundice. 
Laboratory test results show a marked increase (>10-fold above 
normal) in serum levels of aminotransferases. Patients with severe 
injury may have a rise in serum bilirubin level and prolongation 
of the prothrombin time. Many patients, however, have only a 
rise in aminotransferase levels without clinical icterus, and there- 
fore the injury may be missed unless laboratory tests are per- 
formed in patients with postoperative fever.” Eosinophilia and 
renal insufficiency may also be present.”**° The other halogenated 
anesthetics also cause a hepatitis-like injury with clinical features 
that are similar to those seen with halothane hepatitis. 

Separately, the use of anesthetics is known to reduce the hepatic 
arterial blood flow and oxygen uptake by hepatocytes.”°°””” In 
healthy volunteers this reduction averaged 35% and was seen in 
the first 30 minutes of induction but the levels return to the 
baseline during the procedure. It is possible that this fall in oxygen 
delivery may adversely affect the cirrhotic liver. 


Ischemic Hepatitis 


Surgery is commonly performed in patients with cardiac disease, 
and, if they develop congestive heart failure or suffer a fall in 
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cardiac output, they may develop ischemic hepatitis. Documented 
hypotension may not be seen in these patients with cardiovascular 
disease. Noncardiogenic shock liver is seen in association with 
hypotensive episodes (resulting from bleeding or sepsis) and is also 
marked by a rapid rise and fall in serum levels of AST and ALT. 
Cardiac disease accounts for approximately 78% of patients with 
ischemic hepatitis, and sepsis causes 23% of cases. Ischemic hepa- 
titis is marked by a rapid rise in serum levels of AST, ALT, and 
lactate dehydrogenase (LDH). The levels are frequently greater 
than 10-fold above normal and in severe cases may be associated 
with jaundice and prolongation of the prothrombin time.’ In 
contrast to halothane hepatitis, elevated liver enzyme values can 
be seen any time after surgery and are not associated with fever 
or eosinophilia. In addition, the liver test concentrations tend to 
return rapidly to normal (elevations last 3 to 11 days) if the 
underlying cause of the ischemic hepatitis is successfully treated.” 
Among all causes of massive elevations of AST levels (>3000 IU/L), 
ischemic hepatitis is associated with a mortality rate of 75% versus 
33% for all other causes combined.” In a recent meta-analysis, 
ischemic hepatitis accounted for 2.5% of all ICU admissions, with 
an in-hospital mortality of 49%.°° Accidental or deliberate liga- 
tion of the hepatic artery or its branches may result in hepatic 
ischemia and necrosis associated with a rise in serum levels of AST 
and ALT.“ When accidental ligation of the hepatic artery occurs, 
it is usually during cholecystectomy, and should be suspected in 
a patient who develops a rise in serum levels of AST and ALT 
after that operation. 


Acute Viral Hepatitis 


The development of acute viral hepatitis in the postoperative 
period is rare if patients have normal liver test results before the 
surgery. If the patient does develop acute viral hepatitis, a gradual 
rise in the serum levels of AST and ALT will be observed with or 
without other systemic symptoms. Of note, the serum levels of 
LDH are only slightly increased relative to the degree of elevation 
of the AST and ALT levels; hence measurement of serum LDH 
is a useful test for separating ischemic and drug-induced hepatitis 
from viral hepatitis. The appropriate tests for the diagnosis of 
acute viral hepatitis are discussed in Chapters 29 to 36. 


Drug-Induced Hepatitis 


There are a large number of drugs that may cause an acute 
hepatitis-like injury, and these are discussed in detail in Chapter 
56. Acetaminophen is a direct hepatotoxin and is commonly used 
in the postoperative patient. Toxicity from acetaminophen is gen- 
erally observed when more than 7.5 g is ingested as a single dose.” 
However, it has become apparent that therapeutic doses of acet- 
aminophen ingested by alcoholics may be associated with signifi- 
cant hepatic injury. In addition, the toxic metabolite of 
acetaminophen is formed by cytochrome P-450 2E1; this enzyme 
is susceptible to induction by a number of drugs, including 
alcohol.” The coadministration of an inducing agent may increase 
the generation of the toxic metabolite of acetaminophen and 
cause toxicity with ingestion of therapeutic dosages (3 g/day to 
4 g/day) of the drug. Therefore if a patient develops an increase 
in serum levels of AST and ALT postoperatively, the amount of 
acetaminophen taken by the patient should be determined. Most 
hepatitis-like drug reactions are idiosyncratic and can be due to a 
variety of agents, as discussed in Chapter 56. An important fact 
in the differential diagnosis of postoperative liver dysfunction is 
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that most idiosyncratic drug reactions develop after at least 
2 weeks of therapy. Therefore abnormal liver test results within 
2 weeks of surgery are unlikely to be due to drugs whose admin- 
istration started after the operation. In addition, drugs taken for 
more than 12 months before the surgery are unlikely causes of 
postoperative liver dysfunction. 


Benign Postoperative Cholestasis 


The development of jaundice postoperatively is observed in less 
than 1% of patients undergoing major surgery. Patients with 
preexisting liver or cardiovascular disease and who experience 
trauma have a significantly higher incidence of postoperative jaun- 
dice.” For example, postoperative jaundice was found in 32.6% 
of such patients following valve repair or replacement and in 
12.7% of those having coronary artery bypass surgery, with an 
overall incidence of 25% in all patients having cardiac surgery.” 
The cause of the jaundice is multifactorial and includes anesthetic- 
induced reduction in liver function because of decreased hepatic 
blood flow, increased pigment load from hematomas and trans- 
fused blood, and impaired bile formation secondary to bacterial 
sepsis.”°*7'“ The breakdown of 50 mL of blood yields 250 mg of 
bilirubin, which can be easily handled by the normal liver but 
leads to a rapid rise in serum bilirubin level in patients with 
impaired liver function.’ A fall in liver blood flow is observed with 
almost all general anesthetics, which may lead to a decline in liver 
function, especially in patients with underlying liver disease.”*'” 
If the patient has experienced an episode of hypotension, it will 
affect hepatocyte function and predispose the patient to the devel- 
opment of cholestasis.” Finally, endotoxemia reduces bile flow, and 
intraabdominal sepsis is frequently associated with abnormal liver 
test results and jaundice.*”! 

Benign postoperative cholestasis develops most commonly 
within the first 10 days after surgery. Cholestasis is observed most 
frequently in patients with sepsis, after cardiovascular surgery, and 
after prolonged operations during which and after the patient 
received multiple transfusions.°*”* Although an increase in serum 
bilirubin levels is common and levels may reach 40 mg/dL, it is 
not universal. Serum levels of alkaline phosphatase are frequently 
elevated, whereas AST and ALT levels are normal or only mildly 
elevated (less than fivefold). Serum albumin levels may be normal 
or slightly reduced, and the prothrombin time is usually normal. 
Cholestasis and variable degrees of fat are seen in a liver biopsy 
specimen.””” 

The condition is referred to as benign because if the patient 
recovers from the surgery and any associated complications, the 


cholestasis resolves. However, patients developing postoperative 
cholestasis have a significant mortality. Patients with serum bili- 
rubin levels greater than 6 mg/dL have 46% mortality if they have 
experienced abdominal trauma and 86% mortality if they have 
intraabdominal sepsis.” Jaundice following cardiac surgery also 
worsens the prognosis of patients.” These latter groups of patients 
frequently die, with the syndrome termed multiple organ system 
failure, and worsening liver function is seen in association with 
renal failure and acute respiratory distress syndrome.” The liver 
plays a passive role in multiple organ system failure in that acute 


liver failure (encephalopathy with a coagulopathy) is not the cause 
of death. 


Bile Duct Obstruction 


A common concern is the development of extrahepatic bile duct 
obstruction in the postoperative patient who becomes icteric. 
Coincidental choledocholithiasis after surgery is rare. A far more 
common occurrence is bile duct injury after biliary tract or gastric 
surgery. Bile duct injury after laparoscopic cholecystectomy is an 
increasingly common problem and frequently goes unrecognized 
during the cholecystectomy. The patient develops clinical 
jaundice with or without signs of cholangitis days to weeks after 
the initial surgery. Diagnosis is made by magnetic resonance chol- 
angiopancreatography, endoscopic retrograde cholangiopancrea- 
tography, or transhepatic cholangiography (see Chapter 10). 
Postoperative pancreatitis may also cause bile duct obstruction 
because of edema in the head of the pancreas. The diagnosis is 
made by the finding of an elevated serum level of amylase and 
through a computed tomography scan of the abdomen showing 
edema of the pancreas and bile duct dilatation. The jaundice 
resolves as the patient recovers from the pancreatitis.” In the 
postoperative jaundiced patient who has not undergone biliary or 
gastric surgery and who does not have evidence of pancreatitis, 
biliary tract disease is uncommon, and other causes of jaundice 
should be considered initially (Fig. 57-2). Acute cholecystitis (cal- 
culous or acalculous) may occur postoperatively and can be associ- 
ated with abnormal liver test results and jaundice.” The presence 
of right upper quadrant abdominal pain and fever suggests the 
diagnosis: ultrasound findings of pericholecystic fluid, thickening 
of the gallbladder wall, and perhaps stones support the clinical 
suspicion.” Gangrene, perforation, and empyema of the gallblad- 
der are common in the postoperative patient and are associated 
with high mortality.” 

Abnormal liver test results are frequently observed in patients 
receiving total parenteral nutrition (see Chapter 55). Fatty liver 


Type injury | Hepatitis | Cholestasis 
Cause | Ischemic Drug Drugs Bile duct injury Benign postoperative 
13 Cholestasis Cholestasis 
Anesthetic, ACP 
Workup LDH History History Image Negative 
Cardiac Blood 
echo level ACP 


e Fig. 57-2 Causes of and tests for postoperative jaundice. ACR Acetaminophen; LDH, lactate 


dehydrogenase. 
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Differential Diagnosis of Postoperative Liver Dysfunction 


Halothane hepatitis No relationship Common 2-15 days >500 Slight increase 
Viral hepatitis No relationship Uncommon >3 weeks >500 Slight increase 
Benign postoperative cholestasis Major surgery with sepsis Common <7 days Slight increase Greater increase 
Shock No relationship (cardiac disease) Uncommon 1-4 days >500 Slight increase 
Bile duct injury Biliary tract and stomach Common Days to weeks 200-300 Greater increase 


ALT, Alanine aminotransferase; AP alkaline phosphatase; LDH, lactate dehydrogenase. 


with mild elevations of the serum aminotransferase and alkaline 
phosphatase levels is commonly observed.***' Less common, but 
of greater concern, especially in children, is the development of 
jaundice. Abnormal liver test results are found days to weeks after 
the institution of therapy.*' The liver biopsy findings are nonspe- 
cific, and the diagnosis is one of excluding the other causes of 
postoperative hepatic dysfunction. The cause of the disorder 
remains poorly understood. Use of enteral feeding has reduced 
the incidence of cholestasis in children requiring nutritional 
support. 


Evaluation of Patients With 
Postoperative Liver Dysfunction 


If the patient is within the first 2 weeks of surgery and has a 
hepatitis-like injury, anesthetic-related hepatitis or ischemic hepa- 
titis is of major concern (Table 57-2). Injury by a direct hepa- 
totoxin such as acetaminophen should also be considered. The 
development of cholestasis in the immediate postoperative period 
in a patient who has undergone biliary or gastric surgery sug- 
gests bile duct injury. If the patient has undergone major cardiac 
or abdominal surgery and is infected or has received multiple 
blood transfusions, benign postoperative cholestasis should be the 
initial diagnosis. If there are abnormal liver test results more than 


2 weeks after surgery, drug or total parenteral nutrition-induced 
liver injury should be considered, as should bile duct injury if gall- 
bladder surgery had been performed. Postoperative cholecystitis 
is associated with abdominal pain and fever, which are unusual 
features of the other types of injury; abdominal ultrasonography 
should be performed in this situation. Tests for acute hepatitis B 
and hepatitis C are not usually necessary because they rarely cause 
posttransfusion hepatitis. 


SUMMARY 


e The need for surgery is common in patients with cirrhosis. 

e The outcomes of surgery in the cirrhotic patient are determined by 
liver function and the presence or absence of complications of portal 
hypertension. 

e Postoperative liver dysfunction is common, especially following cardiac 
surgery. 

e In the patient with postoperative jaundice, outcome is determined by 
the severity of underlying disease and not the liver disease per se. 

e Ischemic hepatitis is common, especially following cardiac surgery. 
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Bilirubin Metabolism and Its Disorders 


JAYANTA ROY-CHOWDHURY AND NAMITA ROY-CHOWDHURY 


ABBREVIATIONS 


ABC ATP-binding cassette 

ATP8B1 ATPase class | type 8B member 1 

BSEP bile salt export pump 

BSP bromosulfophthalein 

CAR constitutive androstane receptor 

CO carbon monoxide 

ELB “early-labeled peak” of bilirubin 

FXR farnesoid X receptor 

HO heme oxygenase 

MDR1 multidrug resistance protein 1 

MDR2 multidrug resistance protein 2 

MDR3 multidrug resistance protein 3 

mRNA messenger RNA 

MRP multidrug resistance—associated protein 

NTCP Na’*-taurocholate-cotransporting polypeptide 

OATP organic anion-transporting polypeptide 

PXR pregnane X receptor 

RXR retinoid X receptor 

SHP small heterodimer partner 

UGT uridine diphosphoglucuronate glucuronosyltransferase 

UGT1A1 uridine diphosphoglucuronate 
glucuronosyltransferase family 1 member A1 


Introduction 


Bilirubin is the degradation product of heme, and the bulk of 
bilirubin is derived from hemoglobin of senescent erythrocytes 
and hepatic hemoproteins. Bilirubin is potentially toxic but is 
normally rendered harmless by binding to plasma albumin, con- 
jugation with glucuronic acid, and efficient hepatic clearance. In 
some disease states, severe unconjugated hyperbilirubinemia can 
result in encephalopathy (kernicterus). 

Perhaps because of its distinctive color, bilirubin has attracted 
the attention of physicians since antiquity. Hippocrates consid- 
ered it one of the four important humors of the body: blood, 
phlegm, black bile, and yellow bile.’ Ayurveda, the ancient Indian 
book of medicine, also included it among its three principal 
factors—gases, bile, and phlegm—the proper balance of which 
was considered critical for health. During the last 3 centuries, the 
chemistry, metabolism, and disposal of bilirubin have been inves- 
tigated meticulously by generations of chemists, biologists, and 
clinical investigators. Excretion of bilirubin by the liver has also 
been studied as a model for hepatic disposal of other biologically 
important organic anions of limited aqueous solubility. Several 
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inherited disorders of bilirubin metabolism and excretion have 
been described in humans and animals. Investigation of these 
inborn errors has provided important information regarding its 
metabolic pathways. Definitive treatment of some of these disor- 
ders continues to be a therapeutic challenge and an impetus for 
further research. Although bilirubin has interested physiologists 
mainly as a toxic metabolic product, as an antioxidant it may serve 
as a defense mechanism against oxidative damage. 


Jaundice as an Indicator of 
Hepatic Dysfunction 


Jaundice and hyperbilirubinemia are frequently used as indica- 
tors of liver dysfunction. In acute hepatitis, jaundice is common 
and usually transient. In contrast, in other hepatocellular dis- 
eases such as alcoholic or drug-induced hepatitis, and alcoholic 
or nonalcoholic liver cirrhosis, jaundice has a dismal prognosis. 
In the intensive care unit, in septic or multitrauma patients, 
jaundice is associated with a high mortality rate. In primary 
biliary cirrhosis, jaundice is a major indicator of poor progno- 
sis, and serial serum bilirubin measurement is one of the tests 
used for determining the appropriate timing of liver transplant. 
Impairment of bile flow caused by obstruction of the intrahe- 
patic or extrahepatic biliary tract leads to jaundice. Because this 
is a postconjugation event, predominantly conjugated bilirubin 
accumulates in the blood. After relief of bile duct obstruction, 
jaundice usually resolves within 1 week, although elevated plasma 
bilirubin levels may linger because of the covalent binding of 
conjugated bilirubin to albumin. Acquired causes of hyperbili- 
rubinemia, which include hemolysis, liver disease, and biliary 
obstruction, need to be differentiated from inborn errors of 
bilirubin metabolism. 

Although jaundice is a common symptom, its clinical signifi- 
cance varies according to the underlying disease. In some cases a 
simple bilirubin level determination has more clinical predictive 
power than a battery of expensive diagnostic tests, including inva- 
sive techniques. Therefore sound knowledge of the pathophysiol- 
ogy of bilirubin metabolism is required for interpretation of this 
simple and valuable liver function test. 


Formation of Bilirubin 


Breakdown of heme results in the daily production of 250 mg 
to 400 mg of bilirubin in humans. Normally, approximately 
80% of bilirubin originates from the hemoglobin of senescent 
erythrocytes, and the remainder is derived from heme-containing 
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enzymes (e.g., tissue cytochromes, catalase, peroxidase, trypto- 
phan pyrrolase) and from myoglobin. A fraction of bilirubin is 
also derived from free heme. After radiolabeled heme precur- 
sors glycine and 6-aminolevulinic acid are injected into humans 
or rats, radioactivity is incorporated into bile pigments in two 
phases.” The “early-labeled peak” of bilirubin (ELB) contains 
20% of the radiolabel and is excreted in bile within 3 days. The 
initial “fast” component of ELB comprises two thirds of the ELB 
in humans and is largely derived from hepatic hemoproteins, such 
as cytochromes, catalase, peroxidase, and tryptophan pyrrolase,’ 
and from a rapidly turning over pool of free heme in the cytosol of 
hepatocytes, a fraction of which may be degraded without incor- 
poration into hemoproteins.’ Induction of hepatic cytochrome 
P-450 increases the amount of ELB.’ Because 5-aminolevulinic 
acid is preferentially incorporated into hepatic hemoproteins 
when labeled 6-aminolevulinic acid is used as a precursor, only 
the initial component of the ELB incorporates radioactivity. The 
relatively “slower” phase of the ELB, which normally comprises 
one third of the area under the peak, is derived from erythroid 
and nonerythroid sources. This slower phase is enhanced in condi- 
tions associated with ineffective erythropoiesis, such as congenital 
dyserythropoietic anemias, megaloblastic anemias, iron-deficiency 
anemia, lead poisoning, and erythropoietic porphyria.’ This phase 
is also increased during accelerated erythropoiesis, probably 
because of intramedullary breakdown of normoblasts, destruc- 
tion of reticulocytes in the peripheral circulation,‘ and trimming 
of reticulocytes during maturation.’ The “late-labeled peak,” nor- 
mally comprising 80% of the radiolabel, is derived from the 
hemoglobin of senescent erythrocytes and is associated with the 
life span of erythrocytes (approximately 50 days in rats and 110 
days in humans). When the erythrocyte life span is reduced, as in 
hemolytic syndromes or intravascular or extravascular hemolysis, 
the late-labeled peak appears earlier. 


Opening of the Heme Ring by Heme Oxygenase 


Heme (ferroprotoporphyrin IX) is a ring of four tetrapyrroles 
connected by methene bridges (Fig. 58-1). The ring is opened by 
cleavage of the o-methene bridge, catalyzed by microsomal heme 
oxygenases (HOs). Initially, an electrophilic attack at Fe(II) by a 
reducing agent, such as the reduced form of nicotinamide adenine 
dinucleotide phosphate, and oxygen results in the formation of 
ot-oxyheme (see Fig. 58-1).° Subsequently, the o-methene bridge 
carbon is eliminated as carbon monoxide (CO) and the porphyrin 
ring carbons that flank the &-methene bridge are oxidized by two 
additional oxygen molecules, resulting in the two lactam oxygens 
of biliverdin and bilirubin.’ Iron is released from the open tetra- 
pyrrole after addition of electrons, suggesting that conversion of 
ferric iron to ferrous iron is required.’ Only a minute fraction of 
heme is opened at the B, y, or 6 bridges, resulting in the excretion 
of traces of bilirubin IXB, [Xy, or IX6, respectively, in bile. 

HO catalyzes physiologic heme degradation. It consists of 
three structurally related isozymes: HO-1, HO-2, and HO-3. 
HO-1 is the inducible form, HO-2 is a constitutive isoform, and 
HO-3 is a minor isoform present in spleen, liver, thymus, heart, 
kidney, brain, and testis.'' HO-2 is the isoform in hepatocytes 
and spleen responsible for biliverdin and CO production under 
normal physiologic conditions. High levels of HO-2 activity are 
present in cells involved in the breakdown of hemoproteins, such 
as cells in the spleen, where senescent erythrocytes are seques- 
tered. In the liver, both hepatocytes and Kupffer cells have HO 
activity; the activity in the Kupffer cells is as high as that in the 
spleen.'* Apart from breakdown of heme from circulating hemo- 
globin, constitutive HO-2 is important for cellular hemoprotein 
homeostasis. HO-2 also functions as an oxygen sensor in the 
lungs. HO-2-deficient mice are severely hypoxic, and data suggest 
that HO-2 is responsible for matching the ventilation to perfusion. 
HO-1 is a 32-kDa protein that is induced by lipopolysaccharides, 
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cytokines, heavy metals, reactive oxygen species, protoheme IX, 
oxidized low-density lipoprotein, hypoxia, and probably also shear 
stress in endothelial cells in the cirrhotic liver.'> Nuclear factor 
«B and p38 mitogen-activated protein kinase signaling pathways 
mediate the lipopolysaccharide-dependent induction of HO-1 
gene expression via DNA sequences in the proximal promoter 
region. HO-1 acts as a stress-response protein and, by convert- 
ing prooxidant heme to antioxidant biliverdin and bilirubin, it 
plays a role in the cellular defense against oxidative injury. A 
prerequisite for this antioxidant action is that toxic ferrous iron 
that is released on cleavage of the porphyrin ring is efficiently 
scavenged by ferritin. HO-1 deficiency in humans is associated 
with growth retardation, hyperlipidemia, endothelial cell damage 
with consumption coagulopathy, and microangiopathic hemo- 
lytic anemia. Inducible HO-1 is particularly important for cyto- 
protection in vascular endothelium and renal tubular epithelium. 
HO-1-deficient mice show early atherosclerosis, particularly when 
they are also hypercholesterolemic. 

In addition to these cellular effects, the products of the HO 
reaction, CO and bilirubin, have more distant effects. CO is 
a signaling molecule with vasodilatory effects“ and effects on 
intestinal motility and sphincters.” Moreover, a possible nega- 
tive correlation between circulating bilirubin levels and coronary 
heart disease has been reported. Whether this protective effect 
of bilirubin also holds for patients with Gilbert syndrome is 
unclear. 

Binding of heme to HO requires the propionic acid substitu- 
ents in the C-6 and C-7 positions and a metal, such as iron, tin, 
or zinc. Oxygen binds to ferrous heme and undergoes reductive 
activation. Noniron metalloprotoporphyrins, such as tin and zinc 
protoporphyrins, bind HO with even greater affinity but do not 
activate oxygen and are therefore not degraded by HO. These 
metalloporphyrins are dead-end inhibitors of heme degradation." 
Tin and zinc protoporphyrins also disrupt the integrity of HO-2 
but not that of HO-1. The loss of integrity of HO-2, the more 
abundant form of HO, may partly account for the suppression of 
bilirubin formation by tin protoporphyrin. 


Conversion of Biliverdin to Bilirubin 


The immediate product of HO-mediated ring opening is the 
green pigment biliverdin, which is the major bile pigment in 
many amphibian, avian, and fish species. In most mammals, bili- 
verdin is converted to the orange pigment bilirubin. Being less 
polar, bilirubin crosses placental membranes more readily than 
does biliverdin,'”'* although some placentate animals, such as 
nutria and rabbits, excrete biliverdin as the main bile pigment.” 
Conversely, bilirubin formation has been found in early verte- 
brates, such as teleost and elasmobranch fish,” that precede the 
evolution of the placenta. 

Reduction of biliverdin to bilirubin is catalyzed by biliverdin 
reductase (see Fig. 58-1), a family of cytosolic enzymes that use 
the reduced form of nicotinamide adenine dinucleotide at pH 6.7 
and the reduced form of nicotinamide adenine dinucleotide phos- 
phate at pH 8.5 as cofactors. Guinea pig liver biliverdin reductase 
is a 70-kDa protein.”' Several interconverting forms of biliverdin 
reductase found in rat liver and spleen are produced by tissue- 
specific posttranslational modification of a single gene product.” 
Recently, biliverdin reductase was shown to induce activating 
transcription factor 2, which controls the HMOX] transcription, 
thereby forming a regulatory loop in which HO-1 and biliverdin 
reductase expression are interdependent. 


Potential Beneficial Effects of 
Products of Heme Breakdown 


Both biliverdin and bilirubin are strong antioxidants, which may 
be particularly important in the newborn period, when the levels 
of other natural antioxidants are low. Biliverdin appears to attenu- 
ate graft rejection in both cardiac and small intestine transplant 
models.” Bilirubin is also a strong antioxidant, and has been 
reported to have cytoprotective activity, although at higher con- 
centrations it is neurotoxic. The evolutionary development and 
conservation of the energetically expensive mechanisms of biliru- 
bin production and elimination suggest a physiologic benefit for 
bilirubin. In a large cohort of insurance applicants, the relative 
mortality rate was higher in individuals who had serum bilirubin 
levels lower than those in the middle 50% of the population.” 
An inverse relationship between serum bilirubin levels and risk of 
coronary artery disease supports this hypothesis.” Analysis of data 
from 16,865 individuals in the Third National Health and Nutri- 
tion Examination Survey in the United States showed a significant 
inverse relationship between serum bilirubin concentrations and 
history of colorectal cancer.” The odds ratios for colorectal cancer 
per 1 mg/dL increase in serum bilirubin levels for men and 
women were 0.295 (95% confidence interval 0.291 to 0.299) and 
0.186 (95% confidence interval 0.183 to 0.189) respectively. This 
observation is consistent with another large study showing an 
inverse relationship between serum bilirubin levels and cancer 
mortality in a Belgian population.” In a 4.5-year study of a 
nationally representative cohort of 4303 participants aged 60 
years or older in the United States, a higher mortality rate was 
observed in participants with total bilirubin levels of 0.1 mg/dL 
to 0.4 mg/dL than in those with total bilirubin levels of 0.5 mg/ 
dL to 0.7 mg/dL, the hazard ratio being 1.36.” Overweight chil- 
dren developing nonalcoholic fatty liver disease were reported to 
have lower mean serum bilirubin levels than those who did not 
develop fatty liver.” However, despite the impressive difference in 
odds ratios, such database analyses do not establish firmly a cause- 
and-effect relationship, because of the possible existence of known 
and unknown confounding variables. Notably, HO and biliverdin 
reductase, the two enzymes involved in bilirubin production, may 
also exert beneficial effects directly. For example, cell surface bili- 
verdin reductase has been implicated in biliverdin-induced anti- 
inflammatory effects via phosphatidylinositol 3-kinase and Akt 
signaling.” 


Measurement of Bilirubin Production 


At the steady state, bilirubin production equals the synthesis and 
breakdown of hemoproteins. Normally, bilirubin is almost quan- 
titatively excreted in bile; therefore one can measure bilirubin 
production by determining its biliary excretion in bile duct- 
cannulated experimental animals. Although bilirubin is excreted 
in bile predominantly as glucuronides, a small fraction is excreted 
as unconjugated bilirubin, which may undergo enterohepatic 
cycling. This may become important in patients with terminal 
ileum dysfunction, such as in Crohn disease, where unabsorbed 
bile acids may spill over into the cecum, solubilizing the uncon- 
jugated bilirubin formed by bacterial deconjugation of bilirubin 
glucuronides and thereby increasing bilirubin reabsorption.*””? 
One can measure bilirubin production by determining the turn- 
over of radioisotopically labeled bilirubin. Plasma bilirubin clear- 
ance (the fraction of plasma from which bilirubin is irreversibly 


extracted) is calculated from the area under the radio-labeled 
bilirubin disappearance curve.” Bilirubin removal is measured as 
the product of plasma bilirubin concentration and clearance. At 
steady-state levels of plasma bilirubin, the bilirubin removal rate 
equals the rate of its synthesis. This method does not take into 
account a small portion of bilirubin that is produced in the liver 
and excreted directly into bile without appearing in the circula- 
tion and therefore slightly underestimates bilirubin production. 

Because HO-mediated oxidation of the o-carbon bridge of 
heme is the main source of endogenous CO, one can also quantify 
bilirubin formation by measuring CO production. The subject 
breathes into a closed rebreathing system. In the absence of anoxia, 
the body CO stores equilibrate rapidly with the CO in the 
rebreathed air. CO production is calculated from the CO concen- 
tration in the breathing chamber or from an increment in blood 
carboxyhemoglobin saturation.” In addition, normal intestinal 
bacteria contribute a small fraction of the CO.*° Therefore in the 
absence of intestinal bacterial overgrowth, CO production exceeds 
plasma bilirubin turnover by 12% to 18%. 


Chemistry of Bilirubin 


The systemic name of bilirubin IXq is 1’,8’-dioxo-1,3,6,7- 
tetramethyl-2,8-divinylbiladiene-a,c-dipropionic acid.” The planar 
chemical structure of bilirubin, was determined by Fischer and 
Plieninger, and confirmed by X-ray diffraction analysis.” The 
carbon bridges between pyrrolenone rings A and B (C-4) and 
rings C and D (C-15) are in trans or Z configuration. The oxygen 
attached to the outer pyrrolenone ring is in a lactam rather than 
a lactim configuration. ? Carbon nuclear magnetic resonance 
spectra and potentiometric and spectrophotometric titrations in 
aqueous solutions indicate that the pX of the two carboxyl groups 
is 4.4 and that of the two lactam groups is 13.0.“ 


Physical Conformation and 
Solubility of Bilirubin IXa 


Crystallized bilirubin IXo-Z, with two protonated carboxyl 
groups, is virtually insoluble in water but is readily soluble in polar 
solvents, provided the intramolecular hydrogen bonds can be 
disrupted."' Bilirubin and polar ligands, such as sulfonamides, 
share a binding site in the polar region of albumin“ with other 
polar substances, such as sulfonamides.” Therefore, despite its 
insolubility in water at physiologic pH, bilirubin should be con- 
sidered a relatively polar substance, the mechanism of toxicity of 
which may differ from that of truly lipophilic toxins, such as 
dichlorodiphenyltrichloroethane (also known as DDT). 
Insolubility of bilirubin IX@ in water despite the presence 
of two propionic acid side chains, four amino groups, and two 
lactam oxygens is explained by internal stabilization of the mol- 
ecule by hydrogen bonding between the carboxyl and the two 
external pyrrolenone rings (Fig. 58-2). X-ray diffraction studies 
of crystalline bilirubin confirmed hydrogen bonding between 
each propionic acid side chain and the pyrrolic and lactam sites 
in the opposite half of the molecule.” These hydrogen bonds 
constrain the molecule into a ridge-tile conformation (see Fig. 
58-2) and make it insoluble in water by engaging the polar groups 
of the bilirubin. The integrity of the hydrogen-bonded structure 
requires the interpyrrolic bridges at positions 4 and 15 of bili- 
rubin to be in trans or Z configuration.“ Addition of methanol, 
ethanol, or 6 mol/L urea interferes with the hydrogen-bonded 
structure and makes bilirubin more labile, water soluble, and 
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e Fig. 58-2 The X-ray crystallographic structure of bilirubin. The linear 
structure shown in Fig. 58-1 is contorted into a ridge tile—like configuration 
caused by internal hydrogen bonding (dashed line) of the propionic acid 
carboxyls to the amino groups and the lactam oxygen of the pyrrolenone 
rings of the opposite half of the molecule. The carbon bridges connecting 
pyrrolenone rings A and B (C-4) and rings C and D (C-15) are in the Z 
(trans) configuration. Because the polar groups, the propionic acid car- 
boxyls, and the amino and lactam groups are all engaged in hydrogen 
bonding, bilirubin is very sparsely soluble in water. The hydrogen bonding 
bends the molecule along the central carbon bridge (C-10) and buries the 
central bridge deep within the molecule, thereby restricting the access of 
diazo reagents to the central bridge. Therefore bilirubin reacts very slowly 
with diazo reagents, unless the hydrogen bonds are opened by addition 
accelerator reagents (indirect diazo reaction, discussed later in the text). 


rapidly reactive with diazo reagents. In the liver, conjugation of 
the propionic acid carboxyls of bilirubin with glucuronic acid 
moieties disrupts the hydrogen bonds, resulting in the formation 
of water-soluble conjugates that are readily excreted in bile. Reso- 
nance Raman spectroscopic studies of bilirubin-sphingomyelin 
complexes suggest that the intramolecular hydrogen bonds are 
disrupted in such complexes, and the propionic acid carboxyls 
form ion pairs with the quaternary ammonium ion of the choline 
moiety of sphingomyelin.“ 


Absorption Spectra and Circular 
Dichroism of Bilirubin IXa 


Bilirubin [Xa has a main absorption band at 450 nm to 
474 nm in most organic solvents with an extinction coefficient 
of 48.0 mmol/L to 63.4 mmol/L at its absorption maximum 
for a 1-cm path length.” Circular dichroism spectroscopy shows 
that biliverdin preferentially adopts a minus-helicity conforma- 
tion when bound to human serum albumin, whereas bilirubin 
IXa prefers a plus-helicity conformation. Therefore reduction of 
human serum albumin—bound biliverdin to bilirubin results in 
a conformational inversion from minus to plus helicity.“ Such 
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sign inversion also occurs on addition of halothane, chloroform, 
or other volatile anesthetics to the albumin-bilirubin complex, 
suggesting that the volatile anesthetics alter the internal topog- 
raphy of receptor sites, influencing the stereoselectivity of ligand 
binding.” 


Photochemistry of Bilirubin 


Conformational Isomerization and Cyclization 


Normally, bilirubin [Xo remains in a ZZ form, in which both of 
the interpyrrolic bridges at positions 5 and 15 are in the Z (trans) 
configuration. Exposure of circulating bilirubin to light changes 
the configuration of one or both of the interpyrrolic bridges from 
Z (trans) to E (cis) (Fig. 58-3). Blue light is most efficient in medi- 
ating the conformational changes. As hydrogen bonding requires 
the Z configuration, (4Z,15£)-bilirubin IXa and (4£,15Z)- 
bilirubin IXæ lack hydrogen bonds in one half of the molecule, 
whereas (£,£)-bilirubin [Xo lacks hydrogen bonds in both halves. 
Of these conformational isomers, (4Z,15£)-bilirubin [Xo is more 
abundant.“ Following absorption of two photons,“ the vinyl 
substituent at position C-3 of (4£,15Z)-bilirubin [Xa is cyclized 
with the methyl substituent on the internal pyrrole ring, forming 
the structural isomer (£)-cyclobilirubin, or lumirubin.”’ Although 
cyclization of bilirubin occurs at a slower rate than formation of 
configurational isomers, because of the relative stability of cyclo- 
bilirubin, this form may be quantitatively more important in 
phototherapy of neonatal jaundice.“ The conformational isomers 
are more polar than is (Z,Z)-bilirubin [Xo and can be excreted in 
bile without conjugation.” 


Fluorescence 


Although pure bilirubin does not fluoresce, when dissolved in 
detergents, albumin, or alkaline methanol it exhibits intense fluo- 
rescence at 510 nm to 530 nm,” which has been used for quan- 
tification of blood bilirubin concentrations and the unsaturated 
bilirubin-binding capacity of albumin. 


Photooxidation and Degradation 


In the presence of light and oxygen, bilirubin undergoes a self- 
sensitized reaction involving singlet oxygen, resulting in the 
formation of colorless fragments, chiefly maleimides and propent- 
dyopent adducts.” A small amount of biliverdin is also formed. 


Dismutation 


Bilirubin IX is asymmetric because of the difference in the side 
chains of the two halves of the molecule. On exposure to light, 
two bilirubin [Xa molecules undergo free-radical disproportion- 
ation, forming two symmetric nonphysiologic isomers termed 
bilirubin IIa and bilirubin XIIIa.°’ The reaction is enhanced in 
the presence of acid and oxygen, and is inhibited by ascorbate. 


Bilirubin Toxicity 


The cerebral toxicity of bilirubin in neonatal jaundice has been 
known for at least 5 centuries. Degeneration of brain tissues 
associated with yellow pigmentation was reported in 1949.”* The 
association of kernicterus, or bilirubin-induced encephalopathy 
with severe unconjugated hyperbilirubinemia, was established 


subsequently.” The study of mutant rats (Gunn strain) that lack 
hepatic bilirubin glucuronidating activity has contributed greatly 
to the current knowledge of bilirubin toxicity. Bilirubin neuro- 
toxicity is caused by the non—protein-bound fraction of unconju- 
gated bilirubin that can diffuse across cell membranes. Moderately 
increased intracellular bilirubin levels affect astrocytes and 
neurons, causing mitochondrial damage, which impairs energy 
metabolism and may induce apoptosis. Cell membrane perturba- 
tion can also inhibit the transport of neurotransmitters. Protective 
mechanisms against bilirubin encephalopathy include active 
export of bilirubin from cells to plasma by ATP-consuming 
pumps in the brain capillary endothelium and the choroid plexus 
epithelium. Binding to cytosolic proteins lowers the intracellular 
free bilirubin concentration, thereby reducing the toxicity of bili- 
rubin. Because bilirubin cytotoxicity is modified by multiple 
pathophysiologic factors, the incidence and extent of bilirubin 
encephalopathy cannot be predicted simply on the basis of plasma 
bilirubin and albumin concentrations. 


Bilirubin Encephalopathy in Gunn Rats 


Bilirubin deposition in specific areas of the brain accompanied by 
structural damage is termed kernicterus. The Gunn rat is the only 
spontaneous mutant animal model in which bilirubin-induced 
brain damage has been observed. Normally, albumin binding 
inhibits bilirubin deposition in the brain. Displacement of biliru- 
bin from albumin binding sites by drugs such as salicylates or 
sulfonamides increases bilirubin accumulation in the brain and 
may precipitate kernicterus.” Gunn rats that are rendered geneti- 
cally analbuminemic by crossbreeding with Nagase analbumin- 
emic rats have serum bilirubin levels that are only 25% of those 
of other Gunn rats, whereas their cerebral bilirubin content is 
1.2-fold to 2.7-fold higher.” Such hybrid rats die within 3 weeks 
of birth. Therefore for clinical purposes, it is important to calcu- 
late the molar ratio between plasma albumin and bilirubin. 
However, the plasma free bilirubin level does not correlate well 
with brain bilirubin concentration,” and it is not certain whether 
unbound bilirubin is the only toxic species of the pigment. 

Various degrees of hearing deficiency due to abnormalities of 
the cochlear nuclei occur commonly as a complication of neonatal 
hyperbilirubinemia. Brainstem auditory evoked potential studies 
in Gunn rats indicate functional abnormalities of the central audi- 
tory pathways at and rostral to the cochlear nuclei beginning at 
17 days of age.” Similar changes are found in human neonates 
with severe hyperbilirubinemia. 

Sulfonamides displace bilirubin from albumin binding, thereby 
promoting the net transfer of bilirubin into neural tissues. Admin- 
istration of sulfonamides results in reversible abnormalities of 
brainstem auditory evoked potentials in Gunn rats. Under these 
conditions, focal bilirubin staining occurs in Purkinje cells of 
the cerebellum, hippocampus, and basal ganglia. Similar changes 
occur in human infants with fully developed kernicterus. A large 
number of Purkinje cells are affected in the cerebellum of Gunn 
rats at the age of 7 days; most of these cells degenerate and 
disappear between day 12 and day 30, resulting in cerebellar 
hypoplasia. The remaining Purkinje cells recover and persist 
into adult life. However, synapse formation among these Pur- 
kinje cells or with other neural cells may remain abnormal. Cer- 
ebellar mitochondria are enlarged and distorted in Gunn rats.°” 
Increased activities of the lysosomal enzymes arylsulfatase and 
cathepsin occur in the cerebellum of Gunn rats by the eighth 
day of life.’ Cerebellar cyclic GMP concentrations decrease 


CHAPTER 58 Bilirubin Metabolism and Its Disorders 


(4Z,15Z)-Bilirubin Xa (4Z,15£)-Bilirubin Xa 
HOOC COOH HOOC COOH 
4 10 15 4 10 
N N N N O (0) N N N 15 N O 
H H H H H H H H 
(4E,15Z)-Bilirubin Xo Lumirubin 
HOOC COOH HOOC COOH 
10 15 10 15 
N 4 N N N O (0) N 4 N N N ie) 
H H H H H H H 


e Fig. 58-3 Photoisomerization of bilirubin IX«. The linear (upper row) and hydrogen-bonded structures 
of bilirubin Xa and its photoisomers are shown. (4Z,15Z)-Bilirubin Xa is the preferred configuration of 
unconjugated bilirubin, in which carbon bridges at the 4-position and the 15-position are in Z or trans 
configuration, allowing hydrogen bonding on both halves of the molecule. On exposure to light, configu- 
rational isomers, (4Z,15£)-bilirubin IX and (4£,15Z)-bilirubin Xa, are formed. As shown, there is disruption 
of hydrogen bonds in the dipyrrolic half of the molecule that has an E configuration. (4£,15Z)-Bilirubin Xo 
becomes cyclized to produce the stable structural isomer lumirubin, which, because of its stability, is 
quantitatively the most important photoisomer of bilirubin formed during phototherapy. 
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progressively from day 15 to day 30, but cyclic AMP levels remain 
normal. 


Clinical Features of Bilirubin Encephalopathy 


Except in patients with severe inherited deficiency of bilirubin 
glucuronidation (discussed later in this chapter), the occurrence 
of kernicterus is usually limited to the neonatal period and the 
first few months of life. Bilirubin encephalopathy may present 
with a broad spectrum of neurologic features. In the severest cases, 
overt kernicterus presents between the third and sixth days of life. 
The normal Moro reflex is lost, the muscles become hypotonic, 
the cry is high-pitched, athetoid movements appear, and reflex 
opisthotonos occurs in response to a startling stimulus. This may 
progress to lethargy, atonia, and death. Occasionally, in some 
children with Crigler-Najjar syndrome type 1, bilirubin encepha- 
lopathy may present late with cerebellar symptoms as the present- 
ing feature.” Those who survive acute kernicterus may develop 
chronic hearing abnormalities, athetoid movements, paralysis of 
upward gaze, and mental retardation, in various combinations. 
The cochlear nucleus is commonly affected by hyperbilirubine- 
mia. Cells of the auditory system that receive synaptic input from 
end-bulbs or calyces appear to be early targets.°° In Gunn rat pups, 
these morphologic changes correlate with abnormalities of brain- 
stem auditory evoked potentials. The sensitivity of auditory 
evoked potential testing can be increased by the recording of 
binaural difference waves obtained by subtraction of the sum of 
two monaural brainstem auditory evoked potentials from a bin- 
aural brainstem auditory evoked potential.” 

Bilirubin staining of the hippocampus, basal ganglia, and 
nuclei of the cerebellum and brainstem occurs in infants dying in 
the acute phase of bilirubin encephalopathy”; however, such 
staining is not found in children dying in the chronic stage of the 
disorder. Clinical manifestations precede histologic evidence of 
brain damage by approximately 72 hours.” Focal necrosis of 
neurons and glial cells occurs later. Gliosis of the affected areas is 
seen in chronic cases.® As these histologic lesions are not present 
from the onset of clinical kernicterus, they may not be the initiat- 
ing pathophysiologic events in bilirubin-induced brain damage. 
Nonspecific signs of encephalopathy in the neonate may result 
from other causes, such as cerebral hemorrhage,” and therefore 
kernicterus cannot always be diagnosed without pathologic docu- 
mentation. Conversely, focal bilirubin staining of the brain may 
occur in other forms of brain injury. Thus, in the absence of 
neuronal degeneration, bilirubin staining alone does not establish 
the diagnosis of classic kernicterus.’ 

Peak serum bilirubin levels of up to 10 mg/dL or 12 mg/dL 
are usually considered safe. The prognostic significance of a mod- 
erate degree of hyperbilirubinemia is not entirely clear. Serum 
bilirubin levels that are not high enough to cause kernicterus have 
been reported to result in an increased incidence of neurologic 
abnormalities or decreased intellectual performance later in life.” 


The Blood-Brain Barrier and 
Cerebral Bilirubin Clearance 


The equilibration of hydrophilic water-soluble substances and 
proteins between the blood and the brain is restricted by a func- 
tional blood-brain barrier.” Tight junctions between capillary 
endothelial cells and foot processes of astroglial cells represent the 
structural component of this barrier.” Specific transport mecha- 
nisms for translocation of ions, water, and nutrients from plasma 


to brain may provide the functional counterpart of the blood- 
brain barrier. Conventionally, immaturity of the blood-brain 
barrier in neonates has been implicated in the high incidence of 
kernicterus in this age group. However, it has been difficult to 
confirm a more rapid passage of labeled markers” or lipophilic 
substances” into the immature brain. Therefore there is no firm 
evidence to support the concept of an immature blood-brain 
barrier in the neonate. 

The efficiency of cerebral bilirubin clearance may be inversely 
related to the cerebral toxicity of bilirubin. Experimentally, the 
blood-brain barrier can be unilaterally and reversibly opened 
without causing brain damage by infusion of hypertonic urea” or 
arabinose.” The hyperosmolarity-associated shrinkage of the cap- 
illary endothelial cells results in temporary opening of the tight 
junctions. When the blood-brain barrier is opened in newborn 
rats by this technique, intravenously administered albumin-bound 
bilirubin rapidly enters the brain. Following the reversal of the 
blood-brain barrier, bilirubin is rapidly cleared from the brain. 
The clearance of bilirubin from brain parallels its clearance from 
plasma, suggesting that bilirubin is cleared by diffusion or active 
transport back into the general circulation.” Slower bilirubin 
clearance from the injured edematous brain may make the 
damaged brain more vulnerable to bilirubin toxicity.”* 

Endothelial cells of cerebral microvessels and the choroid 
plexus together form the blood-brain barrier and cerebrospinal 
fluid—blood barrier. These endothelial cells strongly express the 
ATP-binding cassette (ABC) superfamily of transporting proteins. 
Notably, multidrug resistance protein 1 (MDR1; a P-glycoprotein) 
and the multidrug resistance—associated proteins (MRPs) MRP1, 
MRP4, MRP5, and, to a lesser extent, MRP6 are expressed in 
these tissues.””*° The MRPs located in the microvascular endothe- 
lial cells and the basolateral membranes of the choroid plexus 
epithelial cells act as export pumps for drugs from the brain and 
the cerebrospinal fluid to the blood.”*’ MRP1 is preferentially 
expressed in the astroglial component of the blood-brain barrier. 
Recent evidence indicates that bilirubin is a substrate for MRP1 
(ABCC1). According to these concepts the blood-brain barrier is 
not merely a passive anatomic structure but is an active tissue that 
can pump bilirubin and other metabolites and drugs out of the 
brain, thus reducing their intracellular concentrations. Substrate 
competition at the level of these pumps may be another way by 
which drug exposure can modulate bilirubin brain toxicity. 


Biochemical Basis of Bilirubin Toxicity 


In cell culture systems, bilirubin shows a very broad range of 
toxicity. It is not clear which of the toxic effects observed in 
monotype cell cultures are relevant in bilirubin encephalopathy, 
and results observed with cultured cells do not always mirror 
findings in vivo.*! Although bilirubin is an antioxidant, bilirubin 
toxicity has been found to be associated with oxidative stress." 
This is partly explained by proteomic analysis of cerebella of 
Ugtla1-knockout jaundiced mice, which showed reduced levels 
of several proteins that are involved in the cellular defense against 
reactive oxygen species. These included protein deglycase DJ-1, 
superoxide dismutase, and peroxiredoxins 2 and 6. Reduction in 
the levels of these proteins occurred despite increased messenger 
RNA (mRNA) levels of nuclear factor erythroid-derived 2—like 2, 
which regulates the expression of the antioxidant genes. The 
mechanism of reduced expression of these proteins appears to be 
posttranscriptional because the corresponding mRNA levels were 
not altered. Thus a variety of protective mechanisms fail to protect 


TABLE 
58-1 


CHAPTER 58 Bilirubin Metabolism and Its Disorders 


Physiologic Defenses Against and Cellular Mechanisms of Bilirubin Toxicity 


Plasma 


Albumin-binding keeps UCB in 
solution and inhibits its entry into 
tissues (other than hepatocytes). 


When the albumin-to-bilirubin ratio 
decreases, free UCB may enter 
tissues. 

Drugs displacing bilirubin from albumin 
can increase the free UCB fraction. 


Risk of bilirubin toxicity increases 
when albumin levels are low. 
Drugs that displace bilirubin from 
albumin can precipitate 

kernicterus. 


Liver sinusoid, hepatocytes 


At the hepatocyte cell surface, UCB 
dissociates from albumin, enters 
hepatocytes by facilitated 
diffusion, is detoxified by 
glucuronic acid conjugation, and 
is excreted into bile. 


Delayed development of UGT1A1 
during the newborn period or 
inherited deficiency of UGT1A1 
activity can result in marked 
elevation of plasma UCB levels. 


Very high UCB levels can cause 
kernicterus in neonates and even 
in adults with inherited UGT1A1 
deficiency (Crigler-Najjar 
syndrome). 


BBB consisting of (1) endothelial 
Cells (their tight junctions 
and adherens junctions), 

(2) astrocyte foot processes), 
(3) perivascular microglia, 
and (4) pericytes 


BBB protects the astrocytes, 
oligodendrocytes, and neurons 
from direct interaction with UCB. 

Pgp of endothelial cells and MRP1 
on astrocytes and other brain 
cells export UCB. 


BBB may be less efficient in neonates 
because of lower expression of Pgp 
and MRP1. 

Under oxidative stress caused by UCB, 
astrocytes release glutathione 
disulfide via MRP1, resulting in 
reduced levels of the intracellular 
antioxidant glutathione. 


Immaturity of BBB has been 
implicated in the increased risk of 
kernicterus in the neonatal period. 

UCB interaction with developing 
neurons can impair neurogenesis 
and cause neuritic atrophy and cell 
death by necrosis or apoptosis. 


Astrocytes and microglia 


Normally, intracellular Ca? 
modulates glutamate exocytosis. 

The levels of the inflammatory 
cytokines TNF-a and IL-1o, and 
their corresponding receptors are 
low. 


UCB-mediated ER stress increases 
intracellular Ca®* levels, causing 
exocytosis of glutamate and opening 
of mitochondrial permeability 
transition megapores. 

UCB increases the secretion of the 
inflammatory cytokines TNF-c and 
IL-1 and up-regulates their 
receptors. 


Excess extracellular glutamate causes 
excitotoxicity, further increasing 
intracellular Ca?* levels, thereby 
activating enzymes that cause cell 
death. 

Activation of the intracellular 
inflammatory cascade causes 
apoptosis and necrosis of 
astrocytes and neurons. 


Oligodendrocytes 


Oligodendrocytes support brain 
neurons by providing myelination 
of axons. 


Increased extracellular glutamate levels 
after UCB exposure can cause 
excitotoxicity of oligodendrocytes. 


Loss or dysfunction of 
oligodendrocytes can cause neural 
cell demyelination. 


BBB, Blood-brain barrier; ER, endoplasmic reticulum; MAP7, multidrug resistance—associated protein 1; Pgo, P-glycoprotein; UCB, unconjugated bilirubin; UGT1A7, uridine diphosphoglucuronate 


glucuronosyltransferase family 1 member A1. 


the cells in the presence of excessive amounts of bilirubin, ulti- 
mately leading to neurodegeneration.”' Inhibition of cell division 
and enhancement of cellular apoptosis by bilirubin have been 
linked to the induction of a tumor suppressor protein, phospha- 
tase and tensin homolog.® In a cell-free system, bilirubin irrevers- 
ibly inhibits calcium-activated, phospholipid-dependent protein 
kinase C activity and cAMP-dependent protein kinase activity." 
Because protein phosphorylation is the final common pathway of 
neuronal signal transmission, inhibition of protein kinase C by 
bilirubin may play a role in bilirubin encephalopathy in the 
newborn. 

Physiologic mechanisms of protection against bilirubin- 
induced injury and cellular mechanisms of bilirubin toxicity are 
summarized in Table 58-1. 


Bilirubin Nephrotoxicity 


Renal medullary deposition of unconjugated bilirubin results in 
medullary necrosis and formation of bilirubin crystals on the renal 
papillae” in Gunn rats and in hyperbilirubinemic infants.*° In 


adult Gunn rats, abnormality of the ascending loop of Henle” 
leads to an impairment of urinary concentration, which is ame- 
liorated by reduction of serum bilirubin levels.” The urinary 
concentration defect has not been found in mature neonates with 
hyperbilirubinemia® or in patients with Crigler-Najjar syndrome 
type 1 who survive to adult age.” 


Disposition of Bilirubin 


Bilirubin is transported in the circulation bound to plasma 
proteins, predominantly albumin. In the hepatic sinusoids the 
albumin-bilirubin complex dissociates and bilirubin is internal- 
ized by facilitated diffusion. Bilirubin is stored in the hepatocytes 
bound to cytosolic proteins. Bilirubin uridine diphosphogluc- 
uronate glucuronosyltransferase (UGT) family 1 member Al 
(UGTIA1), located in the endoplasmic reticulum, mediates 
the conjugation of bilirubin with glucuronic acid. Conjugated 
bilirubin exits from the endoplasmic reticulum and is eventually 
transported across the bile canalicular membrane into the bile 
by an energy-consuming process that is rate limiting in bilirubin 
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throughput. A fraction of the bilirubin glucuronides is trans- 
ported into the plasma and is subsequently internalized by other 
hepatocytes located downstream (toward the central vein) of the 
sinusoidal blood flow This multistep process is summarized in 
Fig. 58-4. Many of these steps are shared by other organic anions 
and cholephilic metabolites. These processes are briefly discussed 
in the following sections. 


The Role of Albumin 


Bilirubin is carried in the circulation bound to plasma albumin, 
which keeps it in solution at physiologic pH. Binding of bili- 
rubin to albumin prevents its precipitation and deposition in 
tissues, thereby facilitating the transport of bilirubin from its site 
of production to its organ of elimination—the liver. Albumin 
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e Fig. 58-4 Summary of bilirubin metabolism by hepatocytes. During its carriage in plasma, unconju- 
gated bilirubin is strongly but reversibly bound to albumin. In hepatic sinusoids, the albumin-bilirubin 
complex comes in direct contact with the basolateral domain of the hepatocyte plasma membrane 
through fenestrae of the hepatic sinusoidal endothelial cells. Here bilirubin dissociates from albumin and 
is internalized by a hepatocyte-specific facilitated diffusion process. A fraction of the bilirubin is also derived 
from catabolism of hepatocellular hemoproteins. Binding to cytosolic glutathione S-transferases keeps 
bilirubin in solution and increases its net uptake by inhibiting its efflux. Conjugation of bilirubin in the 
endoplasmic reticulum is catalyzed by uridine diphosphoglucuronate glucuronosyltransferase isoform 1A1 
(UGT1A1), forming bilirubin monoglucuronide and bilirubin diglucuronide. Conjugation is obligatory for 
efficient bilirubin transport across the bile canaliculus, which is mediated by the energy consuming pump 
multidrug resistance-associated protein (MRP2; also known as ATP-binding cassette subfamily C member 
2, ABCC2), which also transports multiple organic anions, except bile salts. Bilirubin excretion into the 
bile canaliculus is facilitated by a -35 mV intracellular potential maintained by the basolateral membrane 
Na*,K'-ATPase and a K* channel. Bilirubin excretion requires bile flow, which is dependent to a great 
extent on bile salt transport. Influx of bile salts into hepatocytes is mediated by the basolateral membrane 
Na*-taurocholate transporter (NTCP). Bile canalicular bile salt export pump (BSEP; also known as ATP- 
binding cassette subfamily B member 11, ABCB11) transports bile acids into the bile canaliculus. Cana- 
licular transport of bilirubin glucuronides is rate limiting for bilirubin throughput. A fraction of the bilirubin 
glucuronides formed in the hepatocytes are actively effluxed out of the hepatocyte into the sinusoidal 
blood by the basolateral membrane protein multidrug resistance—associated protein (MRP8; also known 
as ATP-binding cassette subfamily C member 3, ABCC8). The effluxed bilirubin glucuronides are internal- 
ized by hepatocytes located downstream of the sinusoidal blood flow by the basolateral membrane solute 
transporters organic anion-transporting polypeptide 1B1 (OATP1B1) and organic anion transporting 
polypeptide 1B3 (OATP1B3) for subsequent reexcretion via bile MRP2. Two other bile canalicular ATP- 
consuming pumps, ATPase class | type 8B member 1 (ATP8B1; also known as familial intrahepatic 
cholestasis type 1, FIC1), which translocates aminophospholipids from the outer leaflet of the canalicular 
membrane to the inner leaflet, and multidrug resistance protein 3 (MDR8; also known as ATP-binding 
cassette subfamily C member 4, ABCB4), which translocates phosphatidylcholine from the inner leaflet 
to the outer leaflet, are important for the integrity of the canalicular membrane, which is important for bili- 
rubin excretion into the bile. BS, Bile salt; GSH, glutathione; GST, glutathione S-transferase, UDPGA, 
UDP-glucuronic acid. 


binding prevents bilirubin from entering the brain. The reserve 
bilirubin binding capacity of albumin serves as a buffer by accom- 
modating for sudden increases of bilirubin load (e.g., during 
acute hemolysis). The fenestrated endothelium of the hepatic 
sinusoids permits the albumin-bilirubin complex to enter the 
space of Disse, where bilirubin has direct contact with the sinu- 
soidal and basolateral plasma membrane domains of the hepa- 
tocyte (see Fig. 58-4). Albumin enables bilirubin to traverse the 
unstirred water layer, a thin layer of water that surrounds the 
hepatocytes. Bilirubin, but not albumin, passes into the hepa- 
tocyte, indicating that bilirubin dissociates from albumin close 
to or at the hepatocyte surface. It is unclear whether or not 
an albumin receptor at the hepatocyte surface facilitates this 
dissociation. 


Bilirubin-Binding Sites and 
Completion With Other Ligands 


There is a primary and a secondary binding site on albumin for 
bilirubin.” Affinity labeling studies indicate that the primary 
binding site of bilirubin is located at residues 124 to 297 and, 
to a lesser extent, at residues 446 to 547.”' Lysine 240 in human 
albumin and lysine 238 in bovine serum albumin appear to be 
critical in bilirubin binding.” 

Albumin inhibits the neurotoxic effects of unconjugated 
bilirubin following intravenous injection in puppies.” The role 
of albumin in preventing bilirubin toxicity is clearly shown 
in analbuminemic-Gunn hybrid rats, which die of bilirubin 
encephalopathy shortly after birth. Normally, bilirubin binding 
to albumin is reversible and can be affected by alternative ligands. 
Ligands that bind to the bilirubin-binding site of albumin, such 
as sulfonamides, antiinflammatory drugs, and cholangiographic 
contrast media, displace bilirubin competitively from albumin, 
increasing the non-protein-bound fraction of bilirubin. Pro- 
phylactic use of sulfonamides in newborns enhances bilirubin 
encephalopathy,” probably by enhancing the dissociation of 
bilirubin from albumin, thereby increasing the net uptake of 
bilirubin into neural tissues.” On the other hand, binding at 
non-bilirubin-binding sites may cause configurational changes 
that can enhance (cooperative binding) or diminish (anticoopera- 
tive) bilirubin binding. 


Determination of Reserve Bilirubin-Binding 
Capacity of Albumin 


Because of the influence of many metabolites and drugs on 
albumin binding of bilirubin and its transfer from plasma to the 
central nervous system, measurement of total plasma bilirubin 
concentration does not accurately estimate the risk of brain 
damage from unconjugated bilirubin. Unbound bilirubin in 
serum can be quantified by gel chromatography,” peroxidase 
treatment,” electrophoresis on cellulose acetate,” and fluorome- 
try of serum with or without detergent treatment.” Unbound 
bilirubin concentration may be roughly estimated as the product 
of serum bilirubin concentration, the concentration of reserve 
bilirubin-binding sites on albumin, and the association constant 
for bilirubin.'°° 


Irreversible Binding of Bilirubin to Albumin 


During prolonged conjugated hyperbilirubinemia, bilirubin 
becomes covalently bound to albumin.’ This fraction of bile 
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pigments is not cleared by the liver or kidneys and persists for a 
long time in the circulation, reflecting the long half-life of serum 
albumin. 


Bilirubin Metabolism in 
Inherited Analbuminemia 


In view of this discussion it is interesting to note that analbumin- 
emia is compatible with life and that elimination of amphipathic 
compounds such as bilirubin and bromosulfophthalein (BSP) is 
disturbed to a relatively minor degree in analbuminemic rats.'* 
For example, elimination of a tracer dose of bilirubin was entirely 
normal, although the biliary recovery after a loading dose was 
decreased.” Other plasma proteins, such as high-density lipopro- 
teins, can assume some of the assigned roles of albumin. 


Hepatic Bilirubin Uptake 


For efficient liver uptake, bilirubin needs to be delivered to hepa- 
tocytes via the sinusoidal blood. In the presence of portosystemic 
collaterals that develop in patients with portal hypertension, or 
surgically produced portosystemic shunts, significant fractions of 
bilirubin generated in the spleen are diverted to the systemic 
circulation, bypassing the liver. In these circumstances, first-pass 
clearance of bilirubin by the liver does not occur, resulting in mild 
hyperbilirubinemia. Similarly, an open ductus venosus in the 
newborn may intensify and prolong the physiologic jaundice in 
premature infants. Hepatic uptake of amphiphilic organic anions 
is carrier mediated. A brief discussion of these mechanisms 
follows. 


Transporters 


The basolateral hepatocyte membrane contains various trans- 
porter proteins that function as carriers for the uptake of a mul- 
titude of endogenous and exogenous substances. Internalization 
of organic anions from plasma into the hepatocytes occur by 
a non-energy-consuming process termed facilitated diffusion. 
Organic anion—transporting polypeptides (OATPs), encoded by 
a family of solute carrier anion transporter genes carry bile acids, 
bilirubin, interleukins, and hormones such as thyroid and steroid 
hormones into the hepatocyte across the basolateral membrane. 
OATPs also transport numerous drugs, such as tyrosine kinase 
inhibitors and statins. The uptake carriers in human hepatocytes 
are listed in Table 58-2. Na*-taurocholate—cotransporting poly- 
peptide (NTCP), encoded by SLC10A1 in humans and Slc10a1 
in rodents, has a narrow range of substrate specificity and is a 
specialized carrier for the Na*-dependent hepatic uptake of bile 
salts.” Although non—carrier-mediated transmembrane diffusion 
was proposed as the mechanism of bilirubin influx,’ because 
this process is hepatocyte preferred, specific carriers facilitating 
bilirubin diffusion have been sought. OATP1B1 (encoded by 
SLCOIB1) was reported to transport unconjugated bilirubin'” 
but other studies did not confirm this conclusion.'’° Thus the 
mechanism by which unconjugated bilirubin is transported across 
the sinusoidal surface membrane of the hepatocytes remains to 
be conclusively identified. On the other hand, OATP1B1 and 
OATP1B3 (encoded by SLCO/B3) have been shown to transport 
bilirubin glucuronide into hepatocytes, which is physiologically 
relevant in reuptake of bilirubin glucuronides that are pumped 
out into the hepatic sinusoids by the ATP-utilizing pump MRP3 
(ABCC3). 
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TABLE 
58-2 


Organic Anion Uptake Transporters in the Basolateral Membrane of Human Hepatocytes 


Bilirubin a = 
Bromosulfophthalein ane ae pA + aff 

Taurocholate + dh + +/— 

Estrone 3-sulfate = + = a i 

Estradiol = fet te a a 

178-Glucuronide - + - = m 
Dehydroepiandrosterone sulfate = = = E at 

Ouabain ay 

Digoxin = ree z e iz 

Pravastatin = = = i + 

N-Methylquinine = ae = m a ofl 
Leukotriene C, = = = 2 = 

Prostaglandin E, 

Tissue distribution H B H, B H H Ww 
References 125, 128 128 128 127139 127 124, 125 


Alternative names are given in parentheses. 


B, Brain; H, hepatocytes; LST-1, liver-specific organic anion transporter 1; N7CP Na*-taurocholate—cotransporting polypeptide; OATP organic anion—transporting polypeptide;, PGT, prostaglandin 
transporter; SLC10A1, solute carrier family 10 member 1, SLC27A2, solute carrier family 21 member 2; SLC27A3, solute carrier family 21 member 3, SLC27A6, solute carrier family 21 member 6; 
SLC21A8, solute carrier family 21 member 8; SLC21A9, solute carrier family 21 member 9; W, wide tissue distribution. 


Acquired and Inherited Abnormalities 
of Hepatic Bilirubin Uptake 


The expression of hepatic uptake carrier proteins is regulated at 
both the transcriptional level and the posttranscriptional level. 
Endotoxin, tumor necrosis factor ©, interleukin-1B, and 
interleukin-6 reduce bile salt and organic anion uptake by down- 
regulating the expression of NTCP and OATP1B3.'**'” The 
significance of OATP1B3 in bilirubin metabolism is highlighted 
by the association of polymorphisms of the encoding gene with a 
statistically significant increase in serum total bilirubin levels in 
adults,''” as well as in neonates.''' OATP1B1 and OATP1B3 are 
now known to be involved in hepatocellular reuptake of bilirubin 
glucuronides that are transported into the plasma by hepato- 
cytes.” Simultaneous inactivating mutations of SLCO/B1 and 
SLCO1B3, the genes that encode these two transporters, result in 
mild conjugated hyperbilirubinemia, which is seen in Rotor syn- 
drome.” Notably, the SLC family of genes is also involved in the 
transport of numerous organic anions, including hormones, cyto- 
kines, endogenous metabolites, and drugs, as highlighted by a 
high incidence of myopathy, induced by statins in individuals 
carrying SLCO/BI variants.''* High intracellular bile salt concen- 
trations, as found during cholestasis, decrease the expression of 
NTCP and OATP1B1. Bile salts bind to the farnesoid X receptor 
(FXR), a cytosolic nuclear hormone receptor. On binding bile 
salts, this receptor associates with retinoid X receptor (RXR), and 


the heterodimer then translocates to the nucleus. Here it binds to 
an FXR-RXR response element that is present in a number of 
genes, including the NROB2 gene (also known as SHP). Thus high 
bile salt concentration activates small heterodimer partner (SHP) 
expression and the up-regulated SHP interferes with RAR-RXR 
binding to the SLCIOAI gene, inhibiting transcription. Also 
OATP1B1 expression is down-regulated in cholestasis. OATP1B1 
expression is under transcriptional control of hepatocyte nuclear 
factor 10, which in turn is controlled by hepatocyte nuclear factor 
40. SHP inhibits hepatocyte nuclear factor 40-mediated trans- 
activation of the hepatocyte nuclear factor 10 promoter in 
cotransfection assays. In addition, the human hepatocyte nuclear 
factor 40 gene promoter is repressed by chenodeoxycholic acid 
through an SHP-independent mechanism. This explains why, 
both NTCP and OATP1B lare down-regulated in cholestatic liver 
disease. As discussed later in this chapter, MRP2 (ABCC2), the 
biliary export pump for conjugated bilirubin, is down-regulated 
during cholestasis, ° whereas MRP3 (ABCC3), a transporter with 
affinity for conjugated bilirubin, is up-regulated in the basolateral 
membrane. Via this transporter, conjugated bilirubin is pumped 
from the hepatocyte into blood.'"* As OATP1Blis involved in 
reuptake of conjugated bilirubin, its down-regulation in choles- 
tatic diseases may be expected to further increase the plasma 
accumulation of conjugated bilirubin. Subsequent clearance of 
bilirubin conjugates by the kidneys in cholestasis is facilitated by 
the up-regulation of renal MRP2 expression. 


Separate transport proteins for bilirubin and bile salt internal- 
ization by hepatocytes explains the discrepancy between the extent 
of elevation of plasma bile acid and bilirubin levels in some clini- 
cal situations. For example, early in the course of primary biliary 
cirrhosis, bile acid levels are elevated but bilirubin levels may still 
be normal. ' ° Reduced hepatic bilirubin uptake has been observed 
in some cases of Gilbert syndrome (discussed later). 


Storage of Bilirubin Within the Hepatocyte 


Within the hepatocyte bilirubin is kept in solution predomi- 
nantly by binding to cytosolic proteins. Bilirubin and many other 
organic anions, drugs, and hormones were found to bind pre- 
dominantly to a fraction of hepatocyte cytosolic proteins isolated 
by gel permeation chromatography. These proteins were termed Y 
protein, or ligandin.''° Later, ligandin was found to be a family of 
proteins, identical to the o class of glutathione S-transferases.''” 
Studies of bilirubin transport in isolated perfused rat liver showed 
that hepatic ligandin concentration did not affect the influx 
rate of bilirubin but increased the net uptake by reducing the 
efflux rate.''® 


Conjugation of Bilirubin 


Biliary excretion of bilirubin requires its conversion to polar deriv- 
atives by enzyme-catalyzed conjugation of the propionic acid car- 
boxyls with sugar moieties, particularly glucuronic acid, which 
disrupts the internal hydrogen bonds (Fig. 58-5). Glucuronida- 
tion of one or both propionic acid carboxyls results in the forma- 
tion of bilirubin monoglucuronide or bilirubin diglucuronide, 
respectively, both of which are efficiently excreted in bile. In 
normal bile from humans and most other mammals, bilirubin 
diglucuronide is the predominant conjugate.''”'”° 


Enzyme-Catalyzed Glucuronidation 
of Bilirubin 


Glucuronidation of bilirubin is catalyzed by a specific isoform 
(UGTIA1) of a family of enzymes termed uridine diphosphogluc- 
uronate glucuronosyltransferase (UGT; EC 2.4.1.17). UGTs are 
concentrated in the endoplasmic reticulum and nuclear envelope 
of a variety of cells.'*! These enzymes catalyze the transfer of the 
glucuronosyl moiety of UDP-glucuronate to a wide spectrum of 
aglycons, forming ether-, ester-, thiol-, and N-glucuronides.'” 
Substrates of UGT include hormones (e.g., steroid hormones, 
thyroid hormones, catecholamines), endogenous metabolites 
(e.g., bile salts, bilirubin), numerous drugs and their intermediate 
metabolites, toxins (e.g., carcinogens), and laboratory xenobiot- 
ics. Glucuronidation renders the aglycone substrates more polar 
and usually less biologically active. Thus UGTs constitute one of 
the most important detoxification mechanisms of the body. 


Latency of Uridine Diphosphoglucuronate 
Glucuronosyltransferases 


UGTs are integral membrane proteins that require specific mem- 
brane lipids for function.'” In vitro, UGT activity in endoplasmic 
reticulum—derived microsomal vesicles is partially latent and the 
full catalytic activity is expressed only on membrane perturbation 
by physical, chemical, or enzymatic treatment. Two models have 
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e Fig. 58-5 Effect of sugar conjugation on the structure of bilirubin. 
The fully hydrogen bonded structure of (Z,Z)-bilirubin Xa is shown at the 
top. In bilirubin glucuronides (bottom), glucuronidation of the propionic 
acid carboxyls disrupts the hydrogen bonds. This makes the molecule 
water soluble and rapidly excretable in the bile. Disruption of the hydrogen 
bonds exposes the central carbon bridge (C-10) to diazo reagents, result- 
ing in direct diazo reaction. 


been proposed to explain such latency. The amino acid sequence 
of these enzymes suggests that the catalytic sites are compart- 
mented inside the endoplasmic reticulum lumen, so a putative 
transporter is required to transfer the hydrophilic sugar donor 
substrate, UDP-glucuronic acid, across the unperturbed endo- 
plasmic reticulum lipid membrane. Alternatively, the enzymes 
could be latent because of their being constrained by the lipid 
membranes. UDP-/N-acetylglucosamine activates hepatic micro- 
somal UGT activity at low concentrations and has been postu- 
lated to be a physiologic activator of the transferase. The action 
of UDP-N-acetylglucosamine is compatible with both the com- 
partmental model’ and the constraint model” of UGT latency, 
which may not be mutually exclusive. 


Multiple Forms of Uridine 
Diphosphoglucuronate 
Glucuronosyltransferases 


The UGT system consists of a family of structurally related 
enzymes that accept UDP-glucuronic acid as the sugar donor 
substrate but are heterogeneous regarding their aglycone receptor 
substrates. The isoforms differ from each other in ontogenic devel- 
opment'” and their response to enzyme-inducing agents.” 


Several laboratories have isolated multiple UGT isoforms from 
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solubilized liver microsomes.” Cloning of complementary DNAs 
and genomic DNA has provided a large amount of information 
on the structure and evolutionary divergence of UGTs. This topic 
has been reviewed.” On the basis of the degree of structural 
homology among the various UGT complementary DNAs, UGTs 
may be separated into two major families.'’' One family (UGT1) 
contains the bilirubin-conjugating form in human and rat liver, 
and a number of hormones, endogenous metabolites, drugs and 
toxins. The second family (UGT2) includes a number of UGT 
isoforms that mediate the conjugation of steroids and many other 
endogenous and exogenous substrates. 


Organization of the UGT1A Gene Family 


Members of the UGT1A family, including UGT1A1, which 
accepts bilirubin as a substrate, UGT1A6 and UGT1A7, which 


accept phenolic substrates, and several other isoforms, which are 


2 at region 2q37.'” The 3’ domain of this gene contains four 
consecutive exons (exons 2 through 5) that are shared by all 
UGT isoforms expressed from the UGT1A locus and encode 
their identical carboxy-terminal domains. This common region is 
evolutionarily conserved and is responsible for UDP-glucuronic 
acid binding.'** Upstream of these exons are a series of 12 exons 
(exons 1A1 through 1A12). At least seven UGT1A isoforms are 
formed by the splicing of one of these unique region exons, encod- 
ing the aglycone-selective amino-terminal domain’ with the four 
common region exons. Each variable region exon is preceded by 
a separate promoter sequence. Depending on promoter selection 
during transcription, transcripts of various lengths are produced. 
During processing of the transcript to mRNA, only the unique 
region exon that is located at the 5’ end of the transcript is spliced 
to exon 2 (the first of the four common region exons), the whole 
intervening sequence being spliced out. The genes for the various 
UGTIA isoforms are named according to the unique exon used in 


that mRNA. For example, exon 1A1 encodes the amino-terminal 
domain of UGT1A1 and therefore this gene is termed UGTIA1. 


expressed from a gene locus, termed UGTIA.'”* This locus, shown 
schematically in Fig. 58-6, is located on human chromosome 
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e Fig. 58-6 The human UGT1A locus in human chromosome region 2q37 that comprises several 
genes encoding the uridine diphosphoglucuronate glucuronosyltransferase 1A family of isoforms. 
At the 3’ end of the locus there are four exons (exons 2, 3, 4, and 5, shown as solid bars), which are 
used in all uridine diphosphoglucuronate glucuronosyltransferase 1A (UGT1A) isoforms (UGT1A1 through 
UGT1A12) expressed from this locus. Upstream of these common region exons there is a series of vari- 
able region exons, designated 1A1 through 1A12, only one of which is used in a given UGT1A isoform. 
Each of these exons encodes the variable amino-terminal region of one UGTIA isoform. Each variable 
region exon has an upstream promoter element, and is differentially regulated. Depending on which 
promoter is used, transcripts of various lengths are produced. In each transcript, the exon located at the 
5’ end of the transcript is spliced to exon 2; the intervening stretch of RNA is spliced out. The genes are 
named according to their unique region exons. For example, when the transcription starts at exon 1A1, 
the processed messenger RNA will consist of exons 1A1, 1A2, 1A3, 1A4, and 1A5. This gene is termed 
UGT1A7. If the transcription starts at exon 1A6, the messenger RNA will consist of exons 1A6, 1A2, 1A3, 
1A4, and 1A5, and the gene is termed UGT1A6. UGT1A7 expresses the only UGT1A isoform that signifi- 
cantly contributes to bilirubin glucuronidation. Genetic nonsense (red triangle) or missense (orange triangle) 
mutations of any of the five exons of UGT1A1 can abolish or reduce UGT1A1 activity, causing Crigler- 
Najjar syndrome type 1 (CN-I). In the case of Crigler-Najjar syndrome type 2 (CN-II) all mutations are of 
the missense type (orange triangle). Genetic lesions of exon 1A1 affect only bilirubin glucuronidation, 
whereas those of exons 1A2, 1A3, 1A4, or 1A5 affect all isoforms of the UGT1A subfamily. Mutations 
within introns at splice sites can also give rise to CN-I (blue triangles). Gilbert syndrome is associated with 
the insertion of a TA dinucleotide within the TATAA element upstream of exon 1A1. 
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UGTIAL is the only isoform that significantly contributes to the 
conjugation of bilirubin. ° 

The presence of a separate regulatory cis element upstream of 
each unique exon permits different UGT1A isoforms to be inde- 
pendently regulated, explaining their different organ distribution 
and expression during ontogeny, enzyme induction, or carcino- 
genesis. Enzyme activity toward 4-nitrophenol and other simple 
phenolic substrates develops in late fetal life in rats, whereas 
activity toward bilirubin develops after birth.'*° UGT1A6, a 
3-methylcholanthrene-inducible isoform, is permanently overex- 
pressed in carcinogen-induced preneoplastic nodules in rat liver.” 
Triiodothyronine treatment results in a threefold increase in rat 
liver phenol-UGT activity, whereas bilirubin glucuronidation is 
reduced by 80%.'** 


Bile Canalicular Secretion of Bilirubin 
Conjugates and Related Organic Anions 


Excretion across the canalicular membrane is rate limiting in 
overall disposition of many cholephilic compounds and represents 
the most important concentrative step. For example, for organic 
anions such as dibromosulfophthalein, a liver-to-bile concentra- 
tion ratio of 1: 1000 can be reached.'** These concentration gra- 
dients are too large to be accounted for by the membrane potential 
difference across the canalicular membrane. For most classes of 
compounds, active, energy-consuming transport systems have 
been demonstrated. 


ATP-Dependent Organic Anion Transport 


ATP-dependent transporters, containing ABCs are important 
in the canalicular excretion of bilirubin glucuronides. MRP2 
(ABCC2) is an organic anion efflux pump present in the cana- 
licular surface of hepatocytes'*? and apical surface of the renal'“ 
and intestinal“ epithelia. for organic anions. In the liver, MRP2 
functions as the efflux pump for many organic anions, including 
bilirubin monoglucuronide and bilirubin diglucuronide,'** most 
of which are products of phase II drug metabolism. MRP2 also 
contributes to bile formation by transporting glutathione, a major 
driving force for bile salt—independent bile flow. Genetic defi- 
ciency of MRP2 in humans leads to Dubin-Johnson syndrome, 
characterized by hyperbilirubinemia.'**'*‘ The TR rat is an animal 
model with conjugated bilirubinemia caused by a single nucleo- 
tide deletion in the ABCC2 gene. MRP1 and MRP3 are located 
in the basolateral membrane of hepatocytes. These export pumps 
are expressed at low levels in normal liver but are greatly induced 
during cholestasis and hyperbilirubinemia.''*'“*'“’ MRP1 and 
MRP3 both transport glucuronides, including bilirubin glucuro- 
nides, from hepatocytes to blood, whereas MRP1 pumps gluta- 
thione S-conjugates.'“” MRP3 normally transports a fraction of 
bilirubin glucuronides formed in the hepatocyte back to plasma. 
In conditions where MRP2 expression is down-regulated, such 
as in cholestasis and genetic MRP2 deficiency, up-regulation of 
MRP3 at the basolateral surface of the liver results in increased 
transport of bilirubin glucuronides to the blood. “7”! 
Constitutive androstane receptor (CAR) is the dominant tran- 
scriptional regulator of MRP3. Phenobarbital is the prototypic 
substrate of CAR. MRP3 expression is enhanced in patients with 
Dubin-Johnson syndrome and in Eisai hyperbilirubinemic rats, 
suggesting that conjugated bilirubin may also be a CAR substrate. 
A dose- and time-dependent induction of Abcc2 expression was 
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observed in isolated rat hepatocytes cultured in the presence of 
xenobiotics, including vincristine, tamoxifen, or the pregnane 
X receptor (PXR)-ligand rifampicin,’ indicating that Abcc2 
gene transcription may respond to substrates of MRP2 itself. 
The promoter regions of the human ABCC2 and rat Abcc2 genes 
have been identified.'”’ Sequence analysis of the human ABCC2 
promoter showed a number of putative consensus binding sites 
for both ubiquitous and liver-enriched transcription factors, 
including activating protein 1, specificity protein 1, hepatocyte 
nuclear factors 1 and 4,'”’ as well as CAR, PXR, and FXR. An 
unusual sequence was identified 440 base pairs upstream of the 
ABCC2 transcription initiation site that binds with high-affinity 
to PXR, CAR, and FXR as heterodimers with RXR. Human and 
rodent hepatocytes reacted with a robust induction of ABCC2 
mRNA levels on exposure to PXR, CAR, and FXR agonists— 
rifampicin, dexamethasone, pregnenolone 160-carbonitrile, and 
spironolactone (PXR); phenobarbital (CAR); and chenodeoxy- 
cholic acid (FXR). Ugt1A1 in rodents has also been reported to 
be a PXR target gene. Like ABCC2, UGTIAI contains a multi- 
component enhancer element in its promoter region with CAR, 
PXR, and aryl hydrocarbon receptor motifs. In addition, both 
glucuronidation and secretion are induced by PXR and CAR 
agonists. Thus PXR and CAR are major regulators of bilirubin 
uptake, glucuronidation, and secretion. The various secretion 
transporters and the substances that they handle are shown in 


Table 58-3. 


Transport of Bile Acids and 
Non-Bile Acid Organic Anions 


Transport of bile acids and other cholephilic organic anions into 
the bile canaliculus is important in bile formation and therefore 
excretion of conjugated bilirubin into the bile. Human MDRI1 
(ABCB1), multidrug resistance protein 3 (MDR3; ABCB4), 
ATPase class I type 8B member 1 (ATP8B1), and bile salt export 
pump (BSEP; ABCB11)—and their rat orthologues MDRIA 
and MDRIB, multidrug resistance protein 2 (MDR2), ATP8B1, 
and BSEP respectively—are P-glycoproteins that are constitu- 
tively expressed in the canalicular membrane of the hepato- 
cyte. Human MDR3, rat MDR2, and human and rat BSEP 
are expressed in the liver only, whereas MDRI1 and ATP8B1 
are also expressed in various nonhepatic secretory epithelia. The 
canalicular BSEP is of paramount importance for bile formation 
and liver function. BSEP appears to be the principal driving 
force for the enterohepatic circulation of bile salts and the bile 
salt—dependent fraction of bile flow. Bile salts are the major, if 
not the only, substrates of BSEP. Inherited deficiency of ATP8B1 
and BSEP leads to progressive familial intrahepatic cholestasis 
type I and type II respectively. These conditions both lead to 
severe life-threatening cholestatic liver disease, associated with 
both conjugated and unconjugated hyperbilirubinemia. Surpris- 
ingly, some mutations of ATP8B1 and BSEP also cause forms of 
benign intrahepatic cholestasis. >! MDR3 in humans (MDR2 
in mice) is involved in the biliary secretion of phosphatidylcho- 
line, the only phospholipid in bile. Mice with a knockout muta- 
tion of the Mdr2 gene produce bile in which phospholipids are 
absent.” These mice and humans with a similar defect develop 
severe liver disease characterized by bile duct proliferation, portal 
fibrosis, and eventually cirrhosis.’"°'”’ Heterozygosity for MDR3 
deficiency is also in part responsible for intrahepatic cholestasis 
of pregnancy as well as for intrahepatic and gallbladder choles- 
terol stone formation. Approximately one third of adult patients 
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TABLE 
58-3 


Organic Anion Secretion Transporters in Human Liver 


Glutathione + + 
Glutathione disulfide + + 
Leukotriene C, + + 
Gluthatione S-conjugates + + 
Bilirubin monoglucuronide + + Probable 
Bilirubin diglucuronide + + Probable 
Estradiol 17B-d-glucuronide + ar a 
Taurocholate i 
Glycocholate i 
3o.-Sulfotaurochenodeoxycholate + 
6a-Glucuronosyl hyodeoxycholate + 
3c-Sulfotaurolithocholate + + 
Ochratoxin A m 
Methotrexate ae ait i 
BQ-123 + 
Regulation LPST?° LPS J 2°79 BDL'27128 
PHT“? BDL} dexamethasone??? Eisai hyperbilirubinemic ratsT'7° 
Gunn ratsT'?” 
PhenobarbitalT®" 
Polarity Basolateral Canalicular Basolateral Basolateral 
Canalicular 
Tissue distribution H, E, B H, I, K H, C H 
References 140, 193 184, 185, 188-190 144, 191-195 


Alternative names are given in parentheses. 


ABCC1, ATP-binding cassette subfamily C member 1; ABCC2, ATP-binding cassette subfamily C member 2; ABCC3, ATP-binding cassette subfamily C member 3; ABCC6, ATP-binding cassette subfamily 
C member 6; B, brain; BDL, bile duct ligation; C, cholangiocytes; CMOAT, canalicular multispecific organic anion transporter; E, erythrocytes; H, hepatocytes; /, intestine; K, kidney; LPS, lipopolysac- 
charide; MRP7, multidrug resistance—associated protein 1; MRP2, multidrug resistance—associated protein 2; MRP3, multidrug resistance—associated protein 3; MAP6, multidrug resistance—associated 


protein 6; PH, partial hepatectomy. 


presenting with unexplained cholestasis have mutations in the 
coding region of at least one ABCB4 allele.” ABCB4 mutations 
also cause acute recurrent biliary pancreatitis, biliary cirrhosis, and 
fibrosing cholestatic liver disease in adults with or without biliary 
symptoms. °°!” 


Role of Nuclear Receptors in the 
Orchestration of Various Steps 
Involved in Bilirubin Throughput 


The capacity of the various steps involved in bilirubin through- 
put appears to be matched in vivo. Thus reduction of any of 
the following steps can lead to hyperbilirubinemia: transport, 
conjugation, or excretion. On the other hand, enhancement of 
bilirubin excretion, for example, in response to an increased bili- 
rubin load, would require a coordinated increase in the capacity 


of each step involved in the uptake and elimination process. It 
has been proposed that the nuclear receptor CAR serves as the 
coordinating mechanism for physiologic modulation of each of 
these steps.'”*!”” 


Fate of Bilirubin in the Gastrointestinal Tract 


Bilirubin reaches the intestine via bile predominantly as gluc- 
uronides, which are not substantially absorbed. A small fraction 
of bilirubin is excreted in the unconjugated form and undergoes 
enterohepatic circulation. Absorption of unconjugated bilirubin 
may be enhanced in the presence of maternal milk and may 
contribute to neonatal hyperbilirubinemia.'” Bilirubin glucuro- 
nides are deconjugated by intestinal bacteria'®’ and degraded to 
a series of urobilinogens and related products.’ Urobilinogens 
are not glucuronidated; it is not known whether deconjugation 


precedes or follows bilirubin degradation. After absorption from 
the intestine, urobilinogen is excreted in the bile and, to a lesser 
extent, in the urine. Variability of reabsorption of urobilinogen 
by renal tubules and instability of the pigment in acid urine 
make the measurement of urinary urobilinogen concentration 
an unreliable indicator of metabolism. However, the absence of 
urobilinogen in stool and urine indicates complete obstruction 
of the bile duct or severe cholestasis, as seen in the early pre- 
sentation of acute hepatitis. In most liver diseases and in states 
of increased bilirubin production, urinary urobilinogen excre- 
tion is increased. Urobilinogen is colorless. Its oxidation product, 
urobilin, is yellow and contributes to the color of normal urine 
and stool. 


Extrahepatic Handling of Bilirubin 


Renal Handling of Bilirubin 

Unconjugated bilirubin, which is tightly bound to albumin, is not 
filtered to a significant extent by normal renal glomeruli and does 
not appear in the urine. There is evidence for tubular reabsorption 
but not tubular secretion of bilirubin.'**'® Because, normally, less 
than 5% of total bilirubin in plasma is conjugated, bilirubin is 
not present in urine in the absence of albuminuria. Only 3% of 
labeled unconjugated bilirubin is excreted by the kidney after 
intravenous administration. 

During cholestasis, the kidney assumes a major role in biliru- 
bin disposal. On infusion of radiolabeled bilirubin into plasma of 
animals with experimental bile duct ligation'® and in children 
with biliary atresia,'°'°” 50% to 90% of injected radioactivity is 
excreted in urine. Urinary excretion of bilirubin glucuronides in 
cholestasis may be facilitated by increased expression of MPR2 in 
renal proximal tubules. '”’ 


Intestinal Bilirubin Metabolism 

Intestinal mucosal epithelia, particularly cells of the proximal 
small intestinal villi, have bilirubin glucuronidating activity.'*! 
The relative contribution of small intestinal glucuronidation in 
the overall disposition of bilirubin is not clearly known. 


Alternative Pathways of Bilirubin Elimination 


Photoisomerization 

Configurational and cyclic isomers of bilirubin formed in the 
presence of ambient light or during phototherapy (see the section 
entitled “Photochemistry of Bilirubin”) are excreted in bile in 
unconjugated form. >! A significant amount of bilirubin is 
degraded to polar diazo-negative compounds that are excreted in 
bile and urine.'® 


Enzyme-Catalyzed Oxidation 

Oxidation of bilirubin may be mediated by mixed-function oxi- 
dases in the liver and other organs. Inducers of the mixed-function 
oxidase cytochrome P-450c, such as 2,3,7,8-tetrachlorodibenzo- 
p-dioxin or 3-methylcholanthrene, reduce bilirubin levels in 
Uetlal-deficient Gunn rats.'”” Cytochrome P-450c induction by 
chlorpromazine resulted in the reduction of serum bilirubin levels 
in one patient with Crigler-Najjar syndrome type 1.'”' The relative 
contribution of microsomal oxidation to the overall turnover of 
bilirubin in vivo is not clear, but this pathway may play a signifi- 
cant role in bilirubin disposition in cases where the normal path- 
ways are deficient; for example, in patients with Crigler-Najjar 
syndrome type 1 or in Gunn rats.'” 
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Quantification of Bilirubin 


Serum bilirubin is an important marker of liver function. In the 
newborn period the total serum bilirubin concentration and the 
fractional concentration of free (non—protein-bound) bilirubin 
need to be monitored to determine the need to institute therapy 
to reduce serum bilirubin level. Clinically, serum bilirubin is 
usually measured after conversion to stable azo derivatives. Quan- 
tification of the various species of bilirubin as intact tetrapyrroles 
is more accurate but is used mainly for research purposes. Cur- 
rently available methods of bilirubin analysis have been reviewed.” 


Conversion of Bilirubin to Azo Derivatives 


Quantification of bilirubin is facilitated by derivatization with 
diazo reagents that transform it to stable dipyrrolic derivatives. 
Electrophilic attack by a diazonium ion at the carbons flanking 
the central carbon bridge (C-9 and C-11 positions of bilirubin)” 
converts the tetrapyrrole to two diazotized azodipyrroles, the 
central bridge carbon being released as formaldehyde. Unconju- 
gated bilirubin yields two unconjugated dipyrroles, bilirubin 
diconjugates form two conjugated azodipyrroles, and bilirubin 
monoconjugates form one conjugated and one unconjugated azo- 
dipyrrole. In 1916 van den Bergh and Miiller'” described that 
one species of serum bilirubin reacts with the sulfanilic acid diazo 
reagent within minutes (direct-reacting fraction), whereas another 
species reacts rapidly only when accelerator substances, such 
as methanol or caffeine, are present (indirect-reacting fraction). 
Later, it was understood that indirect-reacting bilirubin represents 
unconjugated bilirubin, whereas the direct-reacting fraction 
roughly corresponds to conjugated bilirubin.'”° Variations of the 
van den Bergh reaction are currently used for the clinical deter- 
mination of bilirubin conjugates. 

The direct diazo reacting fraction of bilirubin overestimates the 
levels of conjugated bilirubin because solutions of unconjugated 
bilirubin may show as much as 10% to 15% of the total pigment 
as direct-reacting bilirubin. Usually, a direct-reacting bilirubin 
concentration of less than 15% of the total is considered normal. 
The diazo reaction does not differentiate between non-covalently 
albumin-bound conjugated bilirubin and the fraction of bilirubin 
that becomes irreversibly bound to serum proteins, particularly 
albumin, during prolonged conjugated hyperbilirubinemia,'” 
because both fractions give a direct diazo reaction. The irreversibly 
protein bound bilirubin, which has been termed 6-bilirubin, is 
not excreted in the bile or urine and therefore this fraction is 
cleared very slowly from plasma after reversal of biliary obstruc- 
tion because of the long half life of albumin. In the presence of 
irreversibly protein bound bilirubin, the direct-reacting fraction 
of bilirubin may give a false impression of continued biliary 
obstruction. Certain metabolites, such as indican, which accumu- 
late in serum during renal failure, may interfere with the diazo 
reaction.” In circumstances in which it is critical to know 
whether conjugated bilirubin is present in the plasma, chromato- 
graphic analysis of bile pigments is necessary.” 


Chromatographic Analysis of Bilirubin Species 
as Intact Tetrapyrroles: Thin-Layer and High- 
Pressure Liquid Chromatography 


Bilirubin and its conjugates can be separated by thin-layer 
chromatography.'” High-resolution analysis of bilirubin and 
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its conjugates is possible by high-pressure liquid chromatogra- 
phy. Methyl esters formed by alkaline methanolysis of bilirubin 
monoconjugates and diconjugates are easy to extract from serum 
and analyze by high-pressure liquid chromatography. '*° However, 
as the conjugating sugars are replaced by methyl groups, this 
method does not identify the type of sugar conjugate. Methods 
for separation and quantification of intact bilirubin tetrapyrrole 
conjugates by high-pressure liquid chromatography have been 
developed'*"'** and offer accurate and sensitive means to identify 
and quantify bilirubin conjugates in body fluids and in vitro. 


Slide Tests 


A convenient slide test measures conjugated, unconjugated, and 
irreversibly protein bound bilirubin. The Ektachem TIBL slide is 
used to quantify total bilirubin by a diazo technique.'*’ Another 
slide is specially coated to allow only the free and reversibly 
protein bound forms of bilirubins to react with the diazo reagent." 
Irreversibly protein bound bilirubin can be estimated from the 
difference between measurements of total bilirubin and the sum 
of conjugated and unconjugated bilirubin, as estimated with the 
second slide. Corroboration with chromatographic methods indi- 
cates that results obtained by the Ektachem slide tests are consis- 
tent and reliable.'**'* 


Transcutaneous Bilirubinometry 


Determination of the rate of increase of serum bilirubin levels 
during the first 24 hours to 48 hours of life by repeated mea- 
surement of serum bilirubin levels can be helpful in predict- 
ing peak serum bilirubin level during the neonatal period. Such 
measurements can be performed painlessly and at low expense 
by the measurement of the yellow color of the skin by analysis 
of reflected light. Onboard computers in these analyzers are 
programmed to measure the yellow color without interference 
by underlying skin pigmentation or erythema. Transcutaneous 
bilirubinometry in 900 term and premature infants of differ- 
ent races provided estimated serum bilirubin concentrations that 
correlated well with values obtained by a standard diazo method 
using serum samples.'*° 


The Nature and Significance of Bilirubin 
in Body Fluids and Tissues 


Bilirubin in Plasma 


When measured by accurate chromatographic techniques, uncon- 
jugated bilirubin is normally the predominant plasma bile 
pigment: only up to 4% of the pigments are conjugated. When 
there is an overproduction of bilirubin, serum bilirubin levels 
increase but the proportion of the unconjugated and conjugated 
fractions remains unchanged. In contrast, when the serum level 
increases because of a deficiency of bilirubin glucuronidation, the 
proportion of conjugated bilirubin is reduced to below 4%. 
During biliary obstruction, intrahepatic cholestasis, or hepa- 
tocellular diseases, both conjugated bilirubin and unconjugated 
bilirubin accumulate in plasma, and the proportion of conjugated 
bilirubin increases. As discussed previously, during cholestasis, 
MRP2 is down-regulated, reducing biliary excretion of conju- 
gated bilirubin. Bile pigments accumulating in hepatocytes may 
be pumped into plasma by MRP3, which is up-regulated in 


basolateral membranes during cholestasis. As discussed earlier, 
during prolonged cholestasis, a fraction of the conjugated biliru- 
bin, becomes irreversibly bound to albumin. This fraction, termed 
&-bilirubin, is recognized as direct diazo reacting fraction and can 
be identified by chromatographic analysis. After successful surgi- 
cal correction of biliary obstruction, the reversibly protein bound 
fraction of serum bilirubin is rapidly excreted in bile, resulting in 
an increase in the proportion of the irreversibly protein bound 
fraction of serum bilirubin. If biliary obstruction persists, both 
reversibly protein bound and irreversibly protein bound fractions 
are retained; therefore the proportion of the irreversibly bound 
fraction does not show a marked increase.'” 


Bilirubin in Urine 


Because unconjugated bilirubin is tightly bound to albumin, it is 
not normally filtered in renal glomeruli. Conjugated bilirubin is 
less strongly bound to albumin and the non—protein-bound frac- 
tion of conjugated bilirubin appears in urine. In the absence of 
proteinuria, excretion of bilirubin in the urine indicates the pres- 
ence of conjugated bilirubin in the plasma. Covalently protein 
bound 6-bilirubin not filtered and, consequently, is not excreted 
in urine. 


Bilirubin Species in Bile 


More than 80% of bilirubin in normal human hepatic bile is the 
diglucuronide form. Unconjugated bilirubin accounts for only 
4% of biliary pigments. In the presence of complete deficiency 
of bilirubin glucuronidating activity, as in the case of Crigler- 
Najjar syndrome type 1, little or no bilirubin glucuronides are 
excreted in bile. When bilirubin glucuronidation is partially defi- 
cient, as in Crigler-Najjar syndrome type 2 or Gilbert syndrome, 
the proportion of bilirubin monoglucuronide and unconjugated 
bilirubin increases in bile. The presence of a significant amount 
of conjugated bilirubin in bile reliably differentiates Crigler- 
Najjar syndrome type 1 from Crigler-Najjar syndrome type 2 
(see the section entitled “Crigler-Najjar Syndrome Type 2 [Arias 


» 


Syndrome]”). 


Bilirubin in Tissue Fluids 


Tissue fluids with high protein content contain albumin-bound 
bilirubin. Therefore a comparison of the serum bilirubin concen- 
tration with the concentration of bilirubin in body fluids can help 
to differentiate between exudates and transudates. A pleural fluid 
to serum bilirubin ratio of 0.6 or higher is strongly indicative of 
an exudate.” Bilirubin is excreted in sweat, semen, and breast 
milk in hyperbilirubinemic patients. Bilirubin is present in syno- 
vial and ocular fluids. However, yellow vision (xanthopsia) is 
extremely rare in jaundice. Paralyzed limbs are less deeply jaun- 
diced than other parts of the body. 


Bilirubin in Cerebrospinal Fluid 


Because of the low protein concentration of the cerebrospinal 
fluid, bilirubin concentration in the cerebrospinal fluid is much 
lower than that in the serum. When an increase in the cerebro- 
spinal fluid protein concentration coexists with jaundice (e.g., in 
leptospirosis) the cerebrospinal fluid may contain a significant 
amount of bilirubin. Prolonged presence of blood in the cere- 
brospinal fluid (e.g., after subarachnoid hemorrhage) results in 


bilirubin formation from heme breakdown, causing yellow dis- 
coloration of the cerebrospinal fluid (xanthochromia). 


Bilirubin in Skin and Sclera 


Bilirubin binds avidly to the elastic tissue of skin and sclera. 
Therefore scleral icterus is a sensitive clinical feature of hyperbili- 
rubinemia. Scleral icterus often outlasts hyperbilirubinemia. 
Yellow discoloration of skin and mucous membranes is more 
intense in conjugated hyperbilirubinemia, probably because of 
better penetration of the water-soluble conjugates into body 
fluids. During prolonged conjugated hyperbilirubinemia, oxida- 
tion of bilirubin to biliverdin may produce a greenish pigmenta- 
tion of the skin. 


Disorders of Bilirubin Metabolism 


Increased bilirubin production and abnormalities in any of the 
four distinct but interactive steps of hepatic bilirubin throughput— 
namely, uptake from the circulation, intracellular binding or 
storage, conjugation, and biliary excretion—may result in hyper- 
bilirubinemia. Many clinical disorders, such as hepatitis or cir- 
thosis, affect multiple steps of this process. In contrast, in several 
inherited disorders, a specific step of bilirubin throughput may be 
involved. From the viewpoint of bilirubin metabolism, these dis- 
orders may be classified into those that cause predominantly 
unconjugated hyperbilirubinemia and those that are characterized 
by elevation in levels of both conjugated and unconjugated bili- 
rubin in plasma. 


Disorders Associated With Unconjugated 
Hyperbilirubinemia 


Neonatal Hyperbilirubinemia 

When compared with healthy adults, all newborns have higher 
serum bilirubin concentrations. Clinically obvious jaundice 
occurs in approximately 50% of neonates during the first 5 days 
of life. In normal, term babies, serum bilirubin levels increase 
from 1 mg/dL to 2 mg/dL to 5 mg/dL to 6 mg/dL in approxi- 
mately 72 hours and subsequently decrease to below 1 mg/dL in 
7 days to 10 days.'** In this physiologic jaundice, serum bilirubin 
is predominantly unconjugated. Exaggeration of physiologic jaun- 
dice may expose infants to the risk of kernicterus. In approxi- 
mately 16% ofnewborns, maximumserum bilirubin concentrations 
reach or exceed 10 mg/dL; in 5% the level exceeds 15 mg/dL.'*” 
Physiologic jaundice of the newborn may result from a combina- 
tion of increased bilirubin production and a lower than adult level 
of the capability of the liver to dispose of bilirubin. Exaggeration 
of one or more of the normal restrictions characteristic of the 
newborn period and/or superimposition of additional mecha- 
nisms may result in a pathologic level of neonatal hyperbilirubi- 
nemia. A brief discussion of these mechanisms follows. 


Increased Bilirubin Load 

Premature breakdown of erythrocytes or ineffective erythropoiesis 
causes hyperbilirubinemia despite normal liver function. Increased 
bilirubin production in the newborn period is evidenced by 
increased endogenous CO production, '”’ ELB from erythroid and 
nonerythroid sources, and decreased erythrocyte half-life.'”' In the 
past, hemolytic diseases of the fetus, such as rhesus incompatibil- 
ity between the mother and the fetus, were a common cause of 
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severe neonatal jaundice. Today this condition is managed by 
treatment of the mother with anti-rhesus immunoglobulins.” 
However, ABO blood group incompatibility remains a common 
cause of exaggerated neonatal hyperbilirubinemia.'”’ Inherited 
disorders, such as sickle cell disease and hereditary spherocytosis, 
and toxic or idiosyncratic drug reactions are common causes of 
hemolytic jaundice in the newborn period. Ineffective erythropoi- 
esis occurs in thalassemia, vitamin B,, deficiency, and congenital 
dyserythropoietic anemias. In the presence of normal liver func- 
tion, serum bilirubin levels rarely exceed 4 mg/dL. In some cases 
the high bilirubin throughput may result in the accumulation of 
some conjugated bilirubin in serum in addition to the predomi- 
nantly unconjugated fraction. 


Immaturity of Hepatic Bilirubin Uptake 

Hepatic bilirubin uptake capacity is low at birth compared with 
adult levels, and may remain so for the first few days of life. 
Maturation of the net hepatic bilirubin uptake may correlate with 
the expression of hepatic glutathione S-transferases'”* that bind 
bilirubin, thereby reducing its efflux from the liver. When the 
closure of the ductus venosus is delayed, portal blood bypasses the 
liver, thereby reducing hepatic uptake.'”” Reduced caloric intake 
may contribute to hyperbilirubinemia by reducing hepatic biliru- 
bin clearance. 


Bilirubin Conjugation 

Hepatic UGT1A1 activity is very low in mammalian fetuses and 
is only 1% of normal adult levels at birth in humans.'”° Regardless 
of gestational age at birth, bilirubin glucuronidating activity 
rapidly increases to adult levels by the fourteenth week of life.'”” 
Reduced hepatic levels of UGT1A1 may linger in some cases 
because of an inherited inhibitory factor or factors in maternal 
milk or serum as described in the following sections. 

Maternal Milk Jaundice. Breastfed infants have higher serum 
bilirubin levels than do formula-fed babies.'°* Occasionally, serum 
bilirubin levels may increase to 15 mg/dL to 24 mg/dL within 10 
days to 19 days of life. This transient nonhemolytic unconjugated 
hyperbilirubinemia may take up to 4 weeks to disappear but 
promptly resolves on discontinuation of breastfeeding. Kernic- 
terus is rare but has been reported.” A progestational steroid, 
3’,20B-pregnanediol, isolated from the milk of mothers of infants 
with this syndrome was reported to inhibit o-aminophenol gluc- 
uronidation by guinea pig, rat, and rabbit livers” but not by 
human liver. The free fatty acid concentration in maternal milk 
correlates positively with its inhibitory effect on human UGTIA1 
activity. The inhibition is more pronounced with polyunsaturated 
free fatty acids.™”! The presence of a lipolytic enzyme in specific 
maternal milk samples has been reported by some investigators, 
who have suggested that lipolysis may be responsible for the 
increased free fatty acid concentrations in the milk. This notion 
is consistent with the increase of the inhibitory effect of maternal 
milk on bilirubin glucuronidation on storage, and disappearance 
of the inhibition on heating at 56° C.” 

Maternal Serum Jaundice (Lucey-Driscoll Syndrome). In this 
syndrome,” jaundice occurs within the first 4 days of life and 
serum bilirubin concentrations may reach 8.9 mg/dL to 65 mg/ 
dL within 7 days. The jaundice appears earlier than in maternal 
milk jaundice, is usually severer, can persist for up to several weeks 
and can cause kernicterus unless treated adequately. An unidenti- 
fied factor that inhibits bilirubin glucuronidation by rat liver slices 
was found in the maternal sera as early as the second trimester of 
pregnancy. In the mothers of babies who developed Lucey-Driscoll 
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syndrome, this serum factor was 4 to 10 times more inhibitory 
than that in mothers of nonjaundiced babies.” 


Bile Canalicular Bilirubin Excretion 

During the late newborn period, uptake and conjugation mecha- 
nisms of bilirubin mature to adult levels but the bilirubin load 
continues to be high. During this period of life, canalicular excre- 
tion becomes rate limiting in hepatic disposition of bilirubin. In 
cases where the bilirubin load is further increased, conjugated 
bilirubin accumulates in serum.””’ However, as discussed previ- 
ously, a small amount of conjugated bilirubin may accumulate in 
plasma even when the bilirubin load does not exceed the maximum 
canalicular excretory capacity. 


Increased Intestinal Reabsorption 

Hydrolysis of conjugated bilirubin by intestinal B-glucuronidase 
releases unconjugated bilirubin in the intestine, which is partly 
degraded by intestinal bacteria, but a small fraction is reabsorbed.” 
Neonates who are not feeding well or are exclusively breastfed 
have low levels of intestinal bacteria, whereby a greater proportion 
of the bilirubin may enter the enterohepatic circulation.*”” 


Management of Neonatal Hyperbilirubinemia 

Current guidelines for the management of hyperbilirubinemia 
during the first 4 weeks of life have been summarized.” The 
decision to treat neonatal hyperbilirubinemia depends on both 
the serum bilirubin concentrations and the rate of increase of the 
bilirubin levels. In some medical centers, free bilirubin binding 
capacity of albumin is determined to aid the decision. Photother- 
apy is the first line of treatment (see the section entitled “Crigler- 
Najjar Syndrome Type 1” for more details). Phototherapy reduces 
serum bilirubin levels by changing the molecular configuration of 
bilirubin, which disrupts the internal hydrogen bonding, leading 
to the excretion of the products in bile without the need for gluc- 
uronidation. In contrast to the case in adults, during the newborn 
period the skin appears to contribute significantly to bilirubin 
glucuronidation. It has been reported that the UVB radiation in 
sunlight induces skin UGT1A1 activity in neonates, which may 
enhance bilirubin glucuronidation and excretion.” When rapid 
reduction of serum bilirubin levels is indicated, plasmapheresis is 
performed and can be repeated several times if necessary. 


Hyperbilirubinemia Caused by Bilirubin Overproduction 
Except in the presence concurrent abnormality of liver func- 
tion, bilirubin overproduction rarely causes serum bilirubin levels 
greater than 3 mg/dL to 4 mg/dL. Common causes of hemo- 
lytic jaundice include sickle cell anemia, hereditary spherocytosis, 
glucose 6-phosphate dehydrogenase deficiency, and toxic or idio- 
syncratic drug reactions in susceptible individuals. In hemolytic 
jaundice, a small amount of conjugated bilirubin produced in 
the liver may appear in the circulation”; however, the ratio of 
unconjugated to conjugated bilirubin remains normal. Ineffec- 
tive erythropoiesis that occurs in thalassemia and other hema- 
tologic disorders is often associated with hyperbilirubinemia.’*"° 
Hereditary dyserythropoietic anemias are a group of rare disorders 
characterized by ineffective erythropoiesis, intramedullary normo- 
blastic hyperplasia, secondary hemochromatosis, and unconju- 
gated hyperbilirubinemia.”'! 


Inherited Disorders of Bilirubin Glucuronidation 


Three grades of inherited deficiency of UGT1A1 activity have 
been described in humans. A virtual absence of UGT1A1 activity 


results in the severest of these disorders, Crigler-Najjar syndrome 
type 1. Severe but incomplete deficiencies of the transferase activ- 
ity lead to Crigler-Najjar syndrome type 2, also known as Arias 
syndrome. A mild reduction of UGT1A1 activity is found in the 
common, mostly innocuous disorder termed Gilbert syndrome. 
Table 58-4 summarizes the clinical and diagnostic features of these 
disorders. 


Crigler-Najjar Syndrome Type 1 

This rare disorder was described by Crigler and Najjar’ in 1952 
in six infants from three unrelated families. Subsequently, the 
disease was found to result from an absence of bilirubin glucuroni- 
dating activity.'’ Severe indirect hyperbilirubinemia in the 
absence of hemolysis was observed in all cases within the first few 
days of life, and persisted lifelong. Five of the six infants in the 
initial series died of kernicterus by the age of 15 months. The 
single survivor was free of neurologic disease until 15 years of age 
but then developed kernicterus and died 6 months later. In a 
related patient, neurologic symptoms developed at 18 years of age 
and she died at the age of 24 years.’'* These early cases suggested 
the heterogeneity of Crigler-Najjar syndrome, which became 
clearly established when Arias et al.” subsequently described a 
milder variant of the condition, which was subsequently termed 
Crigler-Najjar syndrome type 2. Several other recessively inherited 
traits, such as Morquio syndrome, homocystinuria, metachro- 
matic leukodystrophy, and bird-headed dwarfism, were found in 
some families but were subsequently not found to be linked with 
Crigler-Najjar syndrome type 1. Since the initial reports, several 
hundred patients with Crigler-Najjar syndrome type 1 or Crigler- 
Najjar syndrome type 2 have been described.” The syndrome 
occurs in all races and is transmitted as an autosomal recessive 
trait. "216 The incidence appears to be approximately 0.6 in 1 
million live births, although the precise frequency of this disease 
in various populations is not known. As in all rare autosomal 
recessive disorders, a high incidence of consanguinity among the 
parents has been observed. Physical examination findings are 
normal except for jaundice, and sometimes evidence of neurologic 
damage. The institution of routine use of phototherapy and inter- 
mittent application of exchange transfusion for clinical emergen- 
cies has extended the life expectancy beyond adolescence. However, 
around puberty phototherapy becomes less effective and the bili- 
rubin load increases. Therefore patients always remain at risk of 
kernicterus,” and liver transplant remains the only definitive 
treatment. 

Laboratory Tests. Serum biochemical test findings are normal 
in Crigler-Najjar syndrome type 1, except for a high serum bili- 
rubin level, which usually ranges from 18 mg/dL to 30 mg/dL 
but may be as high as 50 mg/dL.”"° Because all the serum biliru- 
bin is present in the unconjugated form, bilirubin is not present 
in the urine. Plasma bilirubin concentrations fluctuate according 
to the level of exposure to the sun or other light, and increase 
during intercurrent illness.’'*’'° The bile lacks bilirubin glucuro- 
nides and may contain only small amounts of unconjugated bili- 
rubin. Although fecal urobilinogen excretion is reduced, stool 
color remains normal.*’* Bilirubin production rate is normal” 
and there is no evidence of hemolysis.”'**'” Intact bile canalicular 
excretion mechanisms are evidenced by normal plasma disappear- 
ance of BSP?“ and indocyanine green,” and radiologic visualiza- 
tion of the biliary tree by cholecystographic agents, despite very 
high total bilirubin levels. 

Liver biopsy reveals normal histologic features, except for bili- 
rubin plugs in bile canaliculi and bile ducts,’'*?'® probably 


TABLE 
58-4 
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Features of Inherited Disorders Resulting in Unconjugated Hyperbilirubinemia 


Serum bilirubin levels 340-850 pmol/L <340 mol/L Usually <50 mol/L 
Routine liver function test findings Normal Normal Normal 
Serum bile acid levels Normal Normal Normal 
Oral cholecystography findings Normal Normal Normal 
Liver histology findings Normal Normal Normal 


Bile conjugates Usually pale: contains small amounts 


of unconjugated bilirubin 


Increased proportion of bilirubin 
monoglucuronide 


Increased proportion of bilirubin 
monoglucuronide 


Hepatic UGT1A1 activity None 


10% of normal or less 25-40% of normal 


Effect of phenobarbital on serum None 


bilirubin levels 


Reduction by 25% or more Reduction 


Mode of inheritance Autosomal recessive 


Autosomal recessive Autosomal recessive 


Prevalence Rare 


Uncommon Common, ~5% in general population 


Prognosis Kernicterus is the rule 


Usually benign; kernicterus is rare Benign 


Animal model Gunn rat 


UGTTAT, Uridine diphosphoglucuronate glucuronosyltransferase 1A1. 


resulting from biliary excretion of unconjugated bilirubin or its 
photoisomers. A high incidence of pigment gallstones, often 
requiring cholecystectomy, is seen in patients with Crigler-Najjar 
syndrome. Electron microscopy of the liver shows no specific 
pathologic change.*'® 

Abnormalities of Hepatic Uridine Diphosphoglucuronate 
Glucuronosyltransferases and Their Molecular Mechanisms. All 
patients with Crigler-Najjar syndrome type Lack hepatic 
UGTIAI activity toward bilirubin but some have additional 
abnormalities of phenol glucuronidation.” The mechanism of 
the abnormality of single or multiple isoforms of hepatic UGTs 
in Crigler-Najjar syndrome type 1 was clarified when the molecu- 
lar basis of this disorder was determined in 1992.” The struc- 
ture of the UGT1A locus dictates that genetic lesions located in 
any of the four common region exons (exons 2 to 5) should cause 
a defect of all isoforms expressed from the UGT1A locus (see Fig. 
58-6), whereas sequence abnormalities within the unique exon 
1A1 should affect only bilirubin glucuronidation, which is medi- 
ated by UGTIAI. 

Since these initial reports, more than 77 genetic lesions have 
been identified in more than 100 Crigler-Najjar syndrome patients 
and in many of their immediate relatives.” Analysis of this 
cumulative experience shows that genetic lesions, such as point 
mutations, deletions, or insertions, within any of the five exons 
constituting UGT1A1 mRNA, can inactivate the enzyme. Effects 
of single amino acid substitutions are being studied by site- 
directed mutagenesis of expression vectors, followed by transfec- 
tion into COS cells. Furthermore, in three cases, intronic 
mutations at the splice donor or splice acceptor sites have been 
found to cause abnormal splicing at cryptic splice sites within 
exons, leading to frameshift and truncation of the enzyme.” 


= Bolivian squirrel monkey 
Mutant Southdown sheep? 


The molecular genetic studies confirm the autosomal recessive 
inheritance pattern of both Crigler-Najjar syndrome type 1 and 
Crigler-Najjar syndrome type 2. A high incidence of consanguin- 
ity in the families is reflected by the observation that, in most 
patients, both alleles contain the same genetic lesion. However, in 
some cases no history of consanguinity exists and the patients are 
compound heterozygotes; that is, a different genetic lesion is 
present in each allele. Although in a great many cases the genetic 
lesion is inherited from both parents, an instance of uniparental 
isodisomy has been reported in which both mutant alleles were 
inherited from the father and the mother’s UGT1A1 genotype was 
normal.” This type of genetic abnormality, termed parental isodi- 
somy, underscores the need to analyze the genotype of both parents 
to ascertain the mode of inheritance of inherited jaundice. 
Genomic analysis, which can be performed with DNA extracted 
from any nucleated cell (e.g. blood leukocytes, buccal smear, 
epithelial cells shed in urine, amniocytes, or chorionic villar cells) 
can assist genetic counseling by identifying heterozygous carriers 
and establishing prenatal diagnosis. 

Animal Models of Crigler-Najjar Syndrome Type 1: The Gunn 
Rat. In 1938 Gunn’” described a mutant strain of Wistar rats 
that exhibited lifelong unconjugated hyperbilirubinemia, inher- 
ited as an autosomal recessive characteristic. Although the mecha- 
nism of the hyperbilirubinemia was not known at that time, 
William E. Castle maintained the mutants for more than 15 years, 
until the deficiency of bilirubin glucuronidation was shown to be 
the mechanism of jaundice in this strain.” The Gunn rat is both 
a metabolic and a molecular model of Crigler-Najjar syndrome 
type 1,” and is the only naturally occurring mutant animal 
model that develops bilirubin encephalopathy spontaneously. 
Studies using this animal model have led to major advances in 
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our understanding of bilirubin throughput and toxicity. As in 
Crigler-Najjar syndrome type 1, Gunn rats have high concentra- 
tions of serum bilirubin, all in the unconjugated form. The bile 
contains no conjugated bilirubin, and liver histologic study find- 
ings are normal.*”””*? Much of the present information on biliru- 
bin encephalopathy was derived from studies conducted using the 
Gunn rat (see section entitled “Bilirubin Toxicity”). Studies per- 
formed in the Gunn rat also helped in developing new treatment 
modalities for hyperbilirubinemia, including cell transplant and 
gene therapies. 

Enzyme and molecular abnormalities in Gunn rats include the 
lack of hepatic UGT1A1 activity toward bilirubin,’ whereas 
canalicular transport of exogenously administered conjugated bili- 
rubin is normal.” In addition to lacking hepatic bilirubin- 
UGTIAI activity, Gunn rat livers lack UGT activity toward 
several other substrates, including methylcholanthrene-inducible 
phenol-UGT activity, suggesting the abnormality of multiple iso- 
forms of the UGT1A family **'*” This is explained by the genetic 
lesion in Gunn rats, which consists of deletion of a single guano- 
sine residue from exon 4 of the Ugtlal gene, causing a premature 
stop codon, leading to the truncation of 150 amino acids at the 
carboxy-terminal end of the UGTs and the inactivation of their 
catalytic function.’*’ Because this deletion is in one of the common 
region exons, all isoforms of the UGT1A subfamily are affected. 
UGT isoforms expressed from other genes are normal, and several 
UGT isoforms with normal catalytic activity toward nonbilirubin 
substrates have been isolated from Gunn rat livers.””’ 

Ustlal-Deficient Transgenic Mice. Ugtlal-knockout mice 
and mice? with a nonsense mutation in the Ugtlal gene have 
been developed.*” Both strains have a phenotype that is severer 
that that of Gunn rats, and do not survive beyond 2weeks. Trans- 
fer of the human UGT/JA1 gene via recombinant adeno-associated 
viral vectors resulted in reversal of jaundice and rescue of the mice 
with the premature stop codon.”” Thus although the short lifes- 
pan of these mice limits the types of experiments that can be done 
with them, the UgtlaI-deficient mice can serve as a model for 
life-saving treatments, such as gene therapy. 

Treatment of Crigler-Najjar Syndrome Type 1. Of the inher- 
ited disorders that specifically affect bilirubin metabolism, Crigler- 
Najjar syndrome type 1 is the only condition that requires 
long-term life-saving therapies. Conventional treatment aims at 
reducing serum bilirubin levels. Unlike the results in patients with 
Crigler-Najjar syndrome type 2 and Gilbert syndrome, serum 
bilirubin levels in Crigler-Najjar syndrome type 1 are only mini- 
mally reduced by phenobarbital administration.” 

Phototherapy. Phototherapy is the mainstay of medical 
therapy for severe unconjugated hyperbilirubinemia.*” Banks of 
fluorescent lamps with devices for shielding the eyes or light 
blankets effectively lower serum bilirubin levels. A combination 
of LED light blankets below the patient and a fluorescent light 
bank above the patient is used for intensive phototherapy. For 
older children and adults, larger light blankets have been designed. 
Exposure to sunlight provides the most efficient phototherapy. 
About the time of puberty, phototherapy becomes progressively 
less effective because of thickening of the skin, increased skin 
pigmentation, and decreased surface area in relation to body 
mass.”'° 

Configurational isomers produced during phototherapy are 
excreted in bile without conjugation. In the bile, the pigment is 
returned to the original (Z,Z)-bilirubin IX configuration (see the 
section entitled “Conformational Isomerization and Cyclization”) 
and is partly reabsorbed. Oral administration of calcium salts 


(13.6 g/day in adults) given as a combination of calcium phos- 
phate and calcium carbonate enhances the effect of phototherapy 
modestly, presumably by inhibiting the reabsorption of bilirubin. 
The calcium salts do not reduce serum bilirubin levels in the 
absence of phototherapy.” 

Plasmapheresis. In neurologic emergencies, plasmapheresis is 
an efficient method for reducing serum bilirubin concentration 
rapidly.*'*”!° Because bilirubin is tightly bound to plasma albumin, 
removal of albumin results in the withdrawal of equimolar 
amounts of bilirubin. This is followed by mobilization of tissue 
bilirubin stores to the plasma. Attempts to remove plasma biliru- 
bin by affinity chromatography on albumin-conjugated agarose 
gel columns were successful in Gunn rats’ but were limited by 
the additional removal of formed elements of simian or human 
blood.” 

Orthotopic Liver Transplant. Because there is no other defini- 
tive long-term treatment for patients with this condition, ortho- 
topic liver transplant has become a standard treatment of 
Crigler-Najjar syndrome type 1. Although this procedure is not 
without risk, it has been curative in several patients and has dra- 
matically changed the prognosis of patients with Crigler-Najjar 
syndrome type 1.” 

Experimental Methods Aimed at Reducing Serum 
Bilirubin Levels 

Inhibition of Heme Oxygenase. Administration of noniron metal- 
loporphyrins for inhibition of microsomal HO activity'® has 
resulted in the suppression of neonatal hyperbilirubinemia in 
rats! and rhesus monkeys.” However, administration of tin 
mesoporphyrin at 0.5 mol/kg three times a week for 13 weeks 
to 23 weeks to two 17-year-old boys with Crigler-Najjar syn- 
drome type 1 resulted in only a modest and variable degree of 
reduction in serum bilirubin levels.’ Although the place of HO 
inhibitors in the treatment of Crigler-Najjar syndrome type 1 is 
not fully clarified, these agents may have a role in temporarily 
reducing serum bilirubin levels during acute emergencies. 

Induction of Cytochrome P-450c. As discussed earlier, the induc- 
tion of cytochrome P-450c causes increased oxidative degradation 
of serum bilirubin in Gunn rat liver, resulting in the reduction of 
serum bilirubin levels. Several naturally occurring indoles extracted 
from cruciferous vegetables, such as cabbage, cauliflower, and 
brussels sprouts, induce the cytochrome P-450 isoforms CYP1A1 
and CYP1A2 in rat liver and intestine.” Indole-3-carbinol, an 
inducer of CYP1A2, has been reported to reduce serum bilirubin 
levels in patients with Crigler-Najjar syndrome type 1.” However, 
the effect was transient. 

Methods Aimed at Replacing Hepatic Uridine Diphosphogluc- 
uronate Glucuronosyltransferase Family 1 Member Al Activ- 
ity. Because UGT1A1 activity is present in excess in normal liver, 
partial replacement of the enzyme should ameliorate hyperbiliru- 
binemia in Crigler-Najjar syndrome type 1. As rat kidney contains 
a low but significant level of UGT1A1 activity, transplant of a 
normal Wistar rat kidney into a homozygous Gunn rat results in 
the excretion of bilirubin glucuronides in bile and reduction of 
serum bilirubin concentrations.“ However, this treatment is not 
applicable to patients with Crigler-Najjar syndrome type 1 because 
human kidneys lack UGT1A1 activity. 

Hepatocyte Transplant. Transplant of hepatocytes is technically 
easier than liver transplant and, because the host liver is retained, 
the consequence of graft loss is minimized. For these reasons, 
liver cell transplant has been evaluated as a potential treatment 
for metabolic liver diseases, including Crigler-Najjar syndrome 
type 1. From experience in rodent and murine models, “s 


hepatocytes were transplanted into a 10-year-old girl with Crigler- 
Najjar syndrome type 1.” Transplant of 7.5 billion hepatocytes 
resulted in partial amelioration of jaundice, and permitted reduc- 
tion of the daily duration of phototherapy. Two and a half years 
later, bilirubin glucuronide excretion in bile continued, but the 
serum bilirubin level gradually increased, probably as a result of 
increased bilirubin production or reduced effectiveness of photo- 
therapy. The patient received an auxiliary liver transplant, which 
has kept her serum bilirubin level within normal limits (J. Roy- 
Chowdhury, personal communication). Experience in this case, as 
well as worldwide experience with hepatocyte transplant, indicates 
that the number of adult hepatocytes that can be transplanted in 
a single procedure is not likely to be sufficient for a complete or 
permanent cure of inherited metabolic diseases of the liver.” 
The need for continuous immunosuppression for allograft rejec- 
tion and the shortage of good-quality donor livers for hepatocyte 
isolation have limited more general application of hepatocyte 
transplant.”” Preparative irradiation of the host liver before hepa- 
tocyte transplant and provision of a strong mitotic stimulation, 
such as partial hepatectomy or expression of hepatocyte growth 
factor, have permitted extensive repopulation of the host liver 
cells with transplanted wild-type hepatocytes, with correction of 
jaundice in Gunn rats. Other manipulations of the host liver are 
being explored for the inducement of preferential proliferation of 
the engrafted hepatocytes.” After initial studies of preparative 
hepatic irradiation in nonhuman primates,” this modality is now 
in a clinical trial at the University of Pittsburgh. 

Gene Therapy. Because the metabolic defect in Gunn rats and 
in Crigler-Najjar syndrome type 1 results from lesions of a single 
gene, supplementation with a normal UGTIA1 gene would be an 
attractive potential therapeutic modality. Methods for gene intro- 
duction into the liver using recombinant viruses or ligands that 
mediate receptor-directed endocytosis are being evaluated for this 
purpose. In the ex vivo approach, liver cells harvested from a 
mutant subject or an animal by partial hepatectomy are estab- 
lished in primary culture, transduced with normal (therapeutic) 
genes, and transplanted back into the donor.” Pioneering studies 
from the Yamanaka laboratory have led to the establishment of a 
variety of methods for reprogramming autologous somatic cells, 
such as skin fibroblasts, nucleated blood cells, or epithelial cells 
shed in urine, to induced pluripotent stem cells*” that can be 
differentiated in vitro to hepatocyte-like cells. Transplant of such 
human hepatocyte-like cells into the Gunn rat livers led to partial 
amelioration of hyperbilirubinemia.”* The development of 
methods for genome editing by homologous recombination 
enhanced by targeted DNA breaks induced via zinc finger nucle- 
ase, transcription activator—like effector nuclease, or clustered 
regularly interspaced short palindromic repeats-Cas technology 
has made gene repair possible in somatic or induced pluripotent 
stem cells.” These advances may enable novel opportunities in 
the future to treat Crigler-Najjar syndrome type 1 with autologous 
hepatocyte-like cells generated in vitro. In addition to providing 
a renewable source of hepatocyte-like cells, such approaches could 
circumvent the need for immunosuppression. 

In the in vivo approach for gene therapy, genes are introduced 
into the organ of live organisms by means of recombinant viruses 
or nonviral vectors.*°’ Recombinant adenoviral vectors, in which 
immunogenicity is reduced by coexpression of an immunosup- 
pressive gene product” or by deletion of all viral genes,” have 
been used for prolonged reduction of hyperbilirubinemia in Gunn 
rats. Although the gene-deleted (helper-dependent) adenoviral 
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express UGT1A1 in the liver for several years, these vectors do 
not integrate into the host genome; therefore their therapeutic 
effect is not expected to be lifelong. T antigen—deleted recombi- 
nant simian virus 40 has been used for gene therapy in Gunn 
rats.” These vectors integrate into the host genome but the inte- 
gration is not site specific and therefore they are associated with 
the risk of random gene insertion. It is possible that targeted gene 
repair using zinc finger nuclease, transcription activator—like effec- 
tor nuclease, or clustered regularly interspaced short palindromic 
repeats-Cas technology could be developed for in vivo gene repair. 
Advances in cell biology, cell transplant, and gene therapy raise 
the hope that a noninvasive or minimally invasive alternative to 
liver transplant may be found for the cure of Crigler-Najjar syn- 
drome type 1 and other inherited metabolic liver diseases. 


Crigler-Najjar Syndrome Type 2 (Arias Syndrome) 

Clinical Features. In 1962 Arias*” showed that some patients 
with chronic nonhemolytic unconjugated hyperbilirubinemia 
differ from patients with classic Crigler-Najjar syndrome type 1 
in that they have somewhat lower serum bilirubin concentrations. 
‘The serum bilirubin levels of these patients are reduced by at least 
25% following phenobarbital treatment and, in general, this 
patient population has a better prognosis.*'»’” In most patients, 
jaundice is noted before the age of 1 year but occasionally it can 
elude detection until the patient is an adult. Serum bilirubin 
concentrations usually range from 8 mg/dL to 18 mg/dL, and the 
pigment is mostly indirect reacting. Hepatic UGT1A1 activities 
are markedly reduced. As in Crigler-Najjar syndrome type 1, red 
cell survival is normal and there is no other clinical abnormality. 

Kernicterus is uncommon in Crigler-Najjar syndrome type 2 
but can occur under stressful situations. Serum bilirubin concen- 
tration may rise to very high levels following general anesthesia 
and surgery, with precipitation of encephalopathy. In a female 
patient who developed signs of bilirubin encephalopathy at the 
age of 43 years and died at the age of 44 years, autopsy disclosed 
a small brain.” There was no bilirubin staining, but histologic 
features typical of kernicterus were seen. Several additional cases 
of patients with Crigler-Najjar syndrome type 2 who developed 
neurologic lesions were reported.” 

Laboratory Tests. As in Crigler-Najjar syndrome type 1, labo- 
ratory examination reveals normal values except for serum biliru- 
bin concentrations of 8 mg/mL to 18 mg/mL. Serum bilirubin 
levels may increase to as high as 40 mg/dL during fasting” or 
intercurrent illness.” By diazo analysis, serum bilirubin is mostly 
indirect reacting. In contrast to Crigler-Najjar syndrome type 1, 
the bile contains significant amounts of bilirubin glucuronides, 
although less than 50% of estimated daily bilirubin production is 
excreted into bile.””””*’ The proportion of bilirubin monoglucuro- 
nide in bile exceeds 30% of total conjugated bilirubin,**” 
(normal up to 10%), reflecting reduced UGT1A1 activity in the 
liver. The findings of liver histologic analysis are normal. Hepatic 
UGTIAL activity is markedly reduced but is detectable with use 
of sensitive techniques.”””** 

Molecular Mechanism and Inheritance. Like Crigler-Najjar 
syndrome type 1, Crigler-Najjar syndrome type 2is caused by 
genetic lesions within the various exons that constitute the coding 
region of UGTIAI.*® However, in Crigler-Najjar syndrome type 
2 the genetic lesions always consist of single amino acid substitu- 
tions that reduce but do not completely abolish the UGT1A1 
activity. In some cases, the residual enzyme activity is enough to 
result in only a minor elevation of serum bilirubin levels, compat- 
ible with the diagnosis of Gilbert syndrome. Mutations of the 
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coding region of UGTIA1J that are known to partially reduce the 
enzyme activity have been reviewed and tabulated.” 

Both autosomal dominant transmission with incomplete pen- 
etrance”’? and autosomal recessive transmission” had been sug- 
gested for Crigler-Najjar syndrome type 2. Molecular genetic 
studies have confirmed autosomal recessive inheritance. Part of 
the confusion about the mode of inheritance arose from the 
observation that some family members of patients with Crigler- 
Najjar syndrome type 1 and Crigler-Najjar syndrome type 2 have 
intermediate levels of hyperbilirubinemia. A molecular explana- 
tion for this phenomenon is now available. In heterozygous car- 
riers of Crigler-Najjar syndrome, if the allele with the normal 
coding region carries a variant promoter (Gilbert-type TATAA 
element; see the section entitled “The Genetic Basis of Gilbert 
Syndrome”), expression of the only normal allele is reduced. 
Because Gilbert syndrome is very common in the general popula- 
tion, this type of compound heterozygosity is a more common 
cause of intermediate levels of hyperbilirubinemia than both 
alleles carrying a coding region mutation.””' 


Gilbert Syndrome 

A common disorder characterized by a mild, long-term, fluctuat- 
ing increase of serum unconjugated bilirubin levels was described 
by Gilbert and Lereboullet”? in 1901. Although various investiga- 
tors have used other names for this disorder, such as constitutional 
hepatic dysfunction, hereditary hemolytic bilirubinemia, and familial 
nonhemolytic jaundice, Gilbert syndrome is the most commonly 
used name. 

Clinical Features. Gilbert syndrome is usually diagnosed in 
young adults who are found to have mild, predominantly uncon- 
jugated hyperbilirubinemia. Diagnosis is often made by chance 
when blood tests are being performed for other reasons, such as 
for preemployment or preinsurance screening or because of inter- 
current illness. In most cases bilirubin levels are less than 3 mg/ 
dL but fluctuate with time and increase during intercurrent 
illness, stress, or menstrual periods.” Jaundice is the only positive 
finding on physical examination. The vague constitutional symp- 
toms, such as fatigue and abdominal discomfort, experienced by 
some patients’ may be manifestations of anxiety, although coex- 
isting illnesses should not be ignored. The findings of routine 
laboratory tests are normal, except for the predominantly uncon- 
jugated hyperbilirubinemia. Oral cholecystography allows visual- 
ization of the gallbladder. Liver biopsy is not routinely indicated, 
but when it is performed it shows normal histologic features. 
Hepatic UGTIAI activity is reduced to approximately 30% of 
normal.” Gilbert syndrome is diagnosed with much more fre- 
quency in males than in females,” probably reflecting higher 
rates of bilirubin production in males.” Gilbert syndrome is often 
diagnosed around puberty, which may be related to increased 
hemoglobin turnover and possibly the inhibition of bilirubin 
glucuronidation by endogenous steroid hormones.” 

The Genetic Basis of Gilbert Syndrome. The promoter region 
of the UGTIAI gene contains a TATAA element with a common 
A(TA)¢TAA motif. Caucasian patients with Gilbert syndrome are 
homozygous for a longer TATAA element, A(TA); TAA.” The 
UGTIAI gene with this variant TATAA element has been termed 
UGTIA1*28. The frequency of the variant promoter is approxi- 
mately 30% among Caucasian and African American popula- 
tions,”’”’* resulting in homozygosity in approximately 9% and 
heterozygosity in approximately 42%. Although homozygosity 
for the Gilbert-type promoter is required for Gilbert syndrome 
in these populations, all individuals who are homozygous for this 


polymorphism do not manifest the full clinical phenotype of 
Gilbert syndrome. For example, Gilbert syndrome is diagnosed 
infrequently in women. Additional factors, such as a relatively high 
bilirubin production, may be required for manifestation of the 
Gilbert phenotype. In some, but not all, individuals with Gilbert 
syndrome, a defect of hepatic bilirubin uptake has been observed. 
However, the relationship between the uptake defect and reduced 
bilirubin glucuronidation is unclear. Promoter-reporter studies 
show that an increased TATAA box length reduces UGTIAI 
expression.” Patients with the Gilbert genotype have been shown 
to have lower hepatic microsomal UGT1A1 activity.” 

In people of African origin, a small percentage of the popula- 
tion have an even longer TATAA element, A(TA)sTAA. Others 
have a TATAA element shorter than most common type, 
A(TA);TAA. There appears to be an inverse relationship between 
TATA box length and gene expression: TATA boxes with seven 
and eight repeats are associated with decreased expression and 
TATA boxes with five TA repeats are associated with increased 
expression of the UGT1A1 gene.**° 

The A(TA),TAA variant is less frequent among Japanese popu- 
lations than among Caucasians, blacks and the non-Mongolian 
populations of Asia. In Japanese, Korean, and Chinese people, 
heterozygosity for missense mutations in the UGTIAI coding 
region has been reported to be a more common cause of mild 
unconjugated hyperbilirubinemia, compatible with the clinical 
diagnosis of Gilbert syndrome.” Compound heterozygotes for 
the common structural G71R mutation and the variant TATAA 
element have also been described. So far, these mutations have 
been found only in races originating in the Far East. 

Gilbert syndrome genotypes have been reported to be asso- 
ciated with accelerated or prolonged neonatal jaundice.****° 
In children who have a combination of glucose 6-phosphate 
dehydrogenase deficiency and the Gilbert-type TATAA element, 
neonatal serum bilirubin concentrations can rise to dangerously 
high levels.**’ In patients with splenomegaly (PL.M. Jansen, 
unpublished observation) and in liver transplant recipients, the 
Gilbert-type promoter can cause prolonged spontaneous uncon- 
jugated hyperbilirubinemia, but the donor liver exhibits otherwise 
normal liver function.”**” Gilbert syndrome is also correlated 
with early development of gallstones, particularly in patients with 
hereditary spherocytosis.” Oxidative acetaminophen metabo- 
lism is associated with drug toxicity. Conflicting evidence has 
been obtained for a possibly increased oxidative metabolism and 
a decreased acetaminophen glucuronidation in patients with 
Gilbert syndrome.”'*”’ Gilbert syndrome is associated with a 
high incidence of diarrhea in patients treated with the anticancer 
drug irinotecan.’ 

Organic Anion Transport. Some patients with Gilbert syn- 
drome have been reported to have additional abnormalities of 
organic anion transport. Patients with Gilbert syndrome clear 
intravenously administered bilirubin more slowly than normal.*” 
Goresky et al.” found normal initial uptake of bilirubin in 
Gilbert syndrome, suggesting that the reduced clearance is due 
to decreased glucuronidation. Subsequent studies showed that 
some but not all patients with Gilbert syndrome have reduced 
organic anion transport of the organic anion BSP*” and indocya- 
nine green” Because the excretion of BSP and indocyanine green 
into bile is normal in patients with Crigler-Najjar syndrome type 
1 and in Gunn rats, decreased clearance of these organic anions in 
Gilbert syndrome cannot be attributed to reduced UGT1A1 activ- 
ity. At this time, no mechanism for the association of decreased 
UGTIAL activity and reduced organic anion uptake is known, 


and the presence of the two apparently unrelated abnormalities 
in subsets of patients with Gilbert syndrome could be related 
possibly to coexisting variation of other genes, owing to the high 
prevalence of Gilbert syndrome in the general population. 

Effect of Fasting. A twofold to threefold increase in serum 
bilirubin levels occurs in patients with Gilbert syndrome on 
reduction of daily caloric intake to 400 kcal for 48 hours.”” 
Because fasting also increases serum bilirubin levels in normal 
individuals*”*”' and in individuals with other hepatobiliary dis- 
orders,” the fasting test is of limited use in the differential diag- 
nosis of Gilbert syndrome. 

Fasting-induced hyperbilirubinemia in normal individuals 
probably results from multiple physiologic factors. Clearly, reduc- 
tion of bilirubin glucuronidation cannot be the sole reason because 
fasting also exacerbates hyperbilirubinemia in homozygous Gunn 
rats.” Increased heme catabolism during fasting has been 
reported.” Decreased intestinal motility during fasting may 
contribute to the bilirubin load by increasing bilirubin reabsorp- 
tion from the gut.” Competition for uptake with free fatty acids 
released during fasting may contribute to fasting hyperbilirubine- 
mia.” In normal individuals, homozygous for anormal UGTIA1 
TATA element sequence [A(TA);TAA], the mean increase in 
serum bilirubin levels after caloric restriction was 9.6 mmol/L in 
males and 4.1 mmol/L in females. In individuals who were homo- 
zygous for the Gilbert-type promoter [A(TA)sTAA], the incre- 
ment was significantly greater (20.5 + 7.2 mmol/L) but there was 
no significant sex difference.” 

Effect of Nicotinic Acid Administration. Intravenous nicotinic 
acid administration increases unconjugated hyperbilirubinemia, 
probably by increasing erythrocyte fragility, splenic HO activity, 
and splenic bilirubin formation.” Consistent with this, splenec- 
tomy prevents nicotinic acid-induced unconjugated hyperbiliru- 
binemia.” Although nicotinic acid administration has also been 
proposed as a provocative test for the diagnosis of Gilbert syn- 
drome, like fasting, it does not clearly separate patients with 
Gilbert syndrome from normal individuals or those with hepato- 
biliary disease.*** 

Bilirubin Conjugates in Bile. As in Crigler-Najjar syndrome 
type 2, the proportion of bilirubin glucuronides excreted in bile 
as bilirubin monoglucuronide is increased in Gilbert syndrome.”** 
The alteration of the bilirubin diglucuronide to bilirubin mono- 
glucuronide ratio may reflect reduced hepatic UGT1A1 activity 
in these syndromes. 

Diagnosis. Gilbert syndrome is conventionally diagnosed in 
individuals with mild unconjugated hyperbilirubinemia without 
evidence of hemolysis or structural liver disease. Hemolysis is 
not a feature of Gilbert syndrome; however, coexistent compen- 
sated hemolysis is found in many patients with Gilbert syndrome 
because increased bilirubin production makes the hyperbilirubi- 
nemia more clinically apparent.” A presumptive diagnosis of 
Gilbert syndrome is made when mild unconjugated hyperbilirubi- 
nemia is noted on several occasions, and serum levels of glutamic- 
oxaloacetic transaminase, glutamic pyruvic transaminase, alkaline 
phosphatase, y-glutamyltranspeptidase, and fasting and postpran- 
dial bile acids are normal. Where confirmation of diagnosis is 
essential, chromatographic determination of the relative contents 
of bilirubin monoglucuronide and bilirubin diglucuronide in bile 
is of potential use in the diagnosis of Gilbert syndrome. Genetic 
analysis has greatly facilitated the diagnosis of Gilbert syndrome. 

Animal Model. Bolivian squirrel monkeys have a higher serum 
unconjugated bilirubin concentration than do the closely related 
Brazilian squirrel monkeys.” The difference in bilirubin levels 
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becomes exaggerated in the fasting state. Compared with the 
Brazilian population, Bolivian monkeys have slower plasma clear- 
ance of intravenously administered bilirubin, a lower level of 
hepatic UGT1A1 activity toward bilirubin, and a higher bilirubin 
monoglucuronide to bilirubin diglucuronide ratio in bile. The 
two populations of squirrel monkeys have comparable erythrocyte 
life span and hepatic glutathione S-transferase activity. In these 
respects, the Bolivian squirrel monkeys are a model of human 
Gilbert syndrome. Fasting hyperbilirubinemia is rapidly reversed 
by oral or intravenous administration of carbohydrates but not by 
lipid administration.” 


Disorders Resulting in Predominantly 
Conjugated Hyperbilirubinemia 


Conjugated bilirubin may accumulate in the serum because of 
reverse transport from hepatocytes to the plasma. When the accu- 
mulation of conjugated bilirubin in plasma is due to inflam- 
matory diseases of the hepatocytes, intrahepatic cholestasis, or 
biliary obstruction, plasma concentrations of bile salts and various 
hepatocellular proteins are also expected to increase. However, in 
specific disorders of organic anion transport (e.g., Rotor syndome 
or Dubin-Johnson syndrome), plasma bile acid concentrations 
and liver enzyme levels remain normal, and hyperbilirubine- 
mia is the predominant biochemical abnormality. Because of 
partial hydrolysis by hepatic B-glucuronidase and reversibility 
of the UGT1A1-catalyzed reaction, conjugated hyperbilirubine- 
mia is always associated with various degrees of unconjugated 
hyperbilirubinemia. 


Acquired Defects of Hepatobiliary Transport 

Cholestasis results from impaired hepatobiliary transport and is 
characterized by the accumulation of both bilirubin and bile acid 
conjugates in the blood. Hepatobiliary transport starts at the level 
of the basolateral membrane of hepatocytes and includes transcel- 
lular and canalicular transport; cholestasis may result from distur- 
bances in either of these transport mechanisms. In addition, bile 
flow in the intrahepatic or extrahepatic part of the biliary tree may 
be impaired. 

Clinical cholestasis mainly results from disturbances of bile 
flow because of inflammation of the liver or obstruction of the 
intrahepatic or extrahepatic biliary tree. Common cholestatic dis- 
eases include primary biliary cirrhosis, primary sclerosing cholan- 
gitis, cholangiocarcinoma, gallstone disease, and papillary or 
pancreatic tumors. In addition, inflammation of the liver paren- 
chyma, as occurs in hepatitis, usually causes some degree of cho- 
lestasis. Some drugs are well known for cholestatic reactions.*"' 

Experimental cholestasis can result from impaired hepatic 
uptake, reduced Na*,K*-ATPase activity (which, together with 
a potassium channel is needed for maintenance of a —35-mV 
intracellular potential), increased permeability of tight junctions, 
disturbed function of microtubules or microfilaments, reduced 
ATP generation, impaired canalicular transport, or the formation 
of precipitates within the bile canaliculi. Table 58-3 reviews the 
canalicular transporters and their substrates. Ethinylestradiol is 
one of the best studied cholestatic agents, and results obtained 
from use of this drug have led to major insights into the patho- 
physiology of bile secretion. At the basolateral surface of hepa- 
tocytes, ethinylestradiol alters the membrane fluidity, decreases 
Na*,K*-ATPase activity and inhibits NTCP, thereby reducing 
bile salt uptake by hepatocytes.*'**'? At the canalicular surface, 
estrogen reduces the expression and/or activity of several trans- 
porters, including BSEP?*'* MDRIAI1 and MDRI1B, two MDR1 
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isoforms,’ and MRP2.*"° In addition, estrogen-induced cho- 
lestasis is associated with a reduction of endogenous bile acid 
synthesis.” Most known actions of estrogens are mediated by 
binding of the estrogen receptor to an estrogen response element 
in the cis-regulatory elements in genes. In addition, estrogens 
increase the hepatic expression of SHP, an atypical nuclear recep- 
tor that does not have a DNA-binding domain, represses the 
activity of several nuclear hormone receptors in vitro, and is a 
target for FXR ligands.’'® 6-Ethylchenodeoxycholic acid, an FXR 
ligand, protects against estrogen-induced cholestasis.” 

Under normal physiologic conditions, hepatocytes also have 
mechanisms to actively remove metabolites that can affect cellular 
function back into the circulation. This process is mediated by 
basolateral membrane efflux carriers. In experimental cholestasis, 
as occurs during ethinylestradiol administration, bile duct liga- 
tion, or endotoxin administration, canalicular transporters, are 
down-regulated, whereas ATP-dependent transporters such as 
MRP3 and MRP1, which are expressed at very low levels in 
normal liver, are induced and localize to the basolateral membrane 
of hepatocytes.” Canalicular MRP2 and to a lesser extent BSEP 
are down-regulated during cholestasis. >°? MRP3 and MRP1 
mediate the active transport of glucuronides, glutathione conju- 
gates, and bile salts from hepatocytes to plasma.” 

Nonhormonal cholestatic agents, such as chlorpromazine and 
cyclosporine, also inhibit hepatic transport at multiple levels. 
Cyclosporine therapy is frequently associated with cholestasis and 
hyperbilirubinemia in a dose-dependent manner. Oxidative stress 
caused by the drug induces internalization of BSEP, MRP2, and 
MDRI by a mechanism involving protein kinase C, leading to a 
deficiency of these pumps at the cell surface.” Cyclosporine also 
competitively inhibits BSEP, MRP2, and MDR1, reducing cana- 
licular bile acid, bilirubin glucuronide, and leukotriene C4 trans- 
port.” With these drugs, serum bile acid levels are more sensitive 
indicators of cholestasis than are serum bilirubin levels. 


Inherited Disorders of Excretion of Conjugated Bilirubin 

Dubin-Johnson Syndrome. In 1954, Dubin and Johnson?“ 
and Sprinz and Nelson?” described a syndrome with chronic 
nonhemolytic jaundice characterized by accumulation of conju- 
gated bilirubin in serum and grossly pigmented but otherwise 
histologically normal livers. 

Clinical Findings. Except for mild icterus, physical examina- 
tion results are within normal limits. Patients are usually asymp- 
tomatic, although an occasional patient complains of weakness 
and vague abdominal pain, and, rarely, hepatosplenomegaly is 
observed.*****” Because serum total bile acid levels are normal,” 
pruritus is absent. Hyperbilirubinemia is worsened by intercur- 
rent illness, oral contraceptives, and pregnancy.*** The diagnosis 
is often made after puberty, although in some patients diagnosis 
has been made during the neonatal period.” Sometimes the 
disorder is noted for the first time when a woman becomes preg- 
nant or receives oral contraceptives, which worsen the hyperbili- 
rubinemia to a clinically detectable level.” 

Laboratory Tests. Complete blood count, prothrombin time, 
and serum levels of bile acids, transaminases, alkaline phospha- 
tase, and albumin are normal.” Serum bilirubin concentra- 
tions are usually between 2 mg/dL and 5 mg/dL but can be as 
high as 20 mg/dL to 25 mg/dL. More than 50% of total serum 
bilirubin is direct reacting. Serum bilirubin levels fluctuate, and 
individual measurements may yield normal results. Because of the 
general abnormality of canalicular transport of non—bile acid 
organic anions, oral cholecystography, even with a double dose of 


e Fig. 58-7 Pigmentation of the liver in Dubin-Johnson syndrome. 
Hematoxylin and eosin—-stained section of the liver shows deep brown 
pigments in hepatocytes, particularly in the perivenous zone (zone 3). 


contrast material, usually does not visualize the gallbladder. 
However, visualization may occur 4 hours after administration of 
intravenous contrast medium.” The liver is grossly black, and 
light microscopy reveals a dense pigment (Fig. 58-7), which on 
electron microscopy appears to be contained within lysosomes.” 
Histochemical staining and physicochemical properties of the 
pigment suggested that the pigment is related to melanin.” Fol- 
lowing infusion of [’H]epinephrine into mutant Corriedale sheep 
(an animal model for Dubin-Johnson syndrome), the isotope is 
incorporated into the hepatic pigment,” which is consistent with 
the pigment being related to melanin. However, electron spin 
resonance spectroscopy shows that the pigment differs from 
authentic melanin.’ Following liver disease, such as acute viral 
hepatitis, the pigment is cleared from the liver.” Following recov- 
ery, the pigment reaccumulates slowly, starting from the centrizo- 
nal region. 

Organic Anion Transport. The hepatic secretion of bilirubin 
glucuronides and a large number of organic anions, including the 
glutathione conjugate of BSP is disturbed in these patients.**° The 
hepatic secretion of negatively charged iopanoic acid is disturbed, 
whereas the secretion of neutral iopamide is normal. The secretion 
of most bile acids is unaffected.”*’ Pharmacokinetic analysis of 
plasma disappearance of bilirubin glucuronides, BSP, and indo- 
cyanine green revealed normal hepatic storage but impaired secre- 
tion.” Impaired canalicular secretion of non—bile acid organic 
anions is the basic defect of this syndrome. After intravenous 
injection of BSP, plasma BSP concentration decreases at a near 
normal rate for 45 minutes, but in 90% of patients, plasma BSP 
concentration increases after this time, such that the concentra- 
tion at 90 minutes is greater than that at 45 minutes.” This 
secondary rise results from reflux of glutathione-conjugated BSP 
from hepatocytes into the circulation. A similar secondary rise 
occurs after intravenous administration of bilirubin.**° The sec- 
ondary rise of plasma BSP level has been observed in some other 


hepatobiliary disorders,” and therefore cannot be considered 
diagnostic of Dubin-Johnson syndrome. 

The Genetic Basis of Dubin-Johnson Syndrome. Dubin- 
Johnson syndrome is caused by mutations of the ABCC2 gene 
causing a deficiency of canalicular MRP2 expression." More 
than a dozen genetic lesions, including nucleotide transition of a 
single-nucleotide deletion, resulting in amino acid substitutions, 
premature truncation, or exon skipping, have been reported to 
cause Dubin-Johnson syndrome.” Some of the reported muta- 
tions may lead to impaired glycosylation of MRP2, impaired 
sorting to the canalicular membrane, and premature proteasome- 
dependent degradation.” As in TR’ rats and Eisai hyperbilirubi- 
nemic rats, the absence of MRP2 in the canalicular membrane 
causes severe impairment of canalicular secretion of bilirubin con- 
jugates, leukotriene C4, reduced and oxidized glutathione, and 
numerous glucuronide and glutathione conjugates.“ As a conse- 
quence, these patients and model animals have a mild conjugated 
hyperbilirubinemia. Experiments with the animal models pro- 
vided firm evidence for the existence of different pathways for 
the canalicular secretion of bilirubin conjugates and bile acids.” 
In contrast to bile acids with a free 3-hydroxyl, 3-hydroxyl- 
conjugated bile acids are transported by MRP2, rather than BSEP, 
as evidenced by impaired secretion of bile acid conjugates in TR” 
and Eisai hyperbilirubinemic rats.” When TR rats are fed a diet 
enriched in tryptophan, tyrosine, and phenylalanine, intravenous 
injection of metanephrine results in the accumulation of a black 
lysosomal pigment in hepatocytes, identical to that seen in patients 
with Dubin-Johnson syndrome.*’ Despite the absence of MRP2, 
the serum bilirubin levels are only mildly elevated in Dubin- 
Johnson syndrome and in the two rat models of the disease, sug- 
gesting alternative canalicular secretion pathways for bilirubin 
conjugates.” Members of the MRP family other than MRP2 
have been described in the rat bile canaliculi.” Whether these 
MRPs accept bilirubin glucuronides as substrates needs to be 
studied. As in cholestatic conditions, where MRP2 is down- 
regulated, there is up-regulation of MRP3 expression in the baso- 
lateral domain of the hepatocyte plasma membrane in patients 
with Dubin-Johnson syndrome. This transporter actively pumps 
bilirubin glucuronides out of the hepatocytes into plasma.''* Thus 
the accumulation of conjugated bilirubin in the plasma of Dubin- 
Johnson syndrome patients results from induction of an active 
transport mechanism that occurs at a low level in normal hepa- 
tocytes. Induction of MRP2 at the apical surface of renal tubular 
epithelium during cholestasis is thought to increase renal clear- 
ance of bilirubin glucuronides from plasma.'” 

Inheritance. Dubin-Johnson syndrome is rare but occurs in 
both sexes and in virtually all races. The syndrome occurs fre- 
quently (1 in 1300) in Persian Jews,’ in whom it is associated 
with clotting factor VII deficiency.” Because of the variability 
of serum bilirubin levels, it had been difficult to ascertain the 
inheritance pattern from clinical analysis,” but an autosomal 
recessive inheritance pattern emerged from studies of urinary 
coproporphyrin excretion (see the following paragraph).*”°”° 

Urinary Coproporphyrin Excretion. Urinary coproporphyrin 
I excretion is increased in patients with Dubin-Johnson syndrome 
to a greater degree than in patients with other hepatobiliary dis- 
orders.” ">? Of the two isomers of coproporphyrin, isomers I and 
UI, coproporphyrin II is a precursor of heme, whereas other 
porphyrin isomers are metabolic byproducts of unknown signifi- 
cance and are excreted in urine and bile.” Normally, approxi- 
mately 75% of total urinary coproporphyrin is coproporphyrin 
HI. In Dubin-Johnson syndrome, total urinary coproporphyrin 
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e Fig. 58-8 Urinary coproporphyrin excretion in normal individuals and 
in patients with Dubin-Johnson syndrome and Rotor syndrome. The 
bars represent total urinary coproporphyrin excretion, normalized to cre- 
atinine excretion. Coproporphyrin | (light orange, light blue, and light cyan) 
excretion and coproporphyrin Ill (deep orange, deep blue, and deep cyan) 
excretion are also shown. In Dubin-Johnson (D-J) syndrome the total 
urinary coproporphyrin excretion is normal, but the proportion of copro- 
porphyrin | is markedly elevated (>80%). In contrast, both total urinary 
coproporphyrin and the proportion of coproporphyrin | are increased in 
Rotor syndrome. (Data from Wolkoff AW, et al. Rotor’s syndrome: a dis- 
tinct inheritable pathophysiologic entity. Am J Med 1976;60:173.) 


excretion is normal but more than 80% is coproporphyrin I (Fig. 
58-8).°°' Although neonates normally have elevated urinary 
content of coproporphyrin I as compared with adults, the levels 
are not as high as those seen in Dubin-Johnson syndrome.*”’ In 
obligate heterozygotes (e.g., unaffected parents, children of indi- 
viduals with Dubin-Johnson syndrome), total urinary copropor- 
phyrin excretion was reduced by 40% of normal.’ The 
mechanism of the abnormal urinary porphyrin excretion and its 
relationship to the organic anion transport defect are not known. 
When the history and physical examination findings are consis- 
tent, the urinary coproporphyrin excretion pattern supports the 
diagnosis of Dubin-Johnson syndrome. However, the overlap of 
results in carriers with those in controls?’ makes identification of 
heterozygotes difficult. 

Animal Models 

Mutant Corriedale Sheep. This mutant strain has an inherited 
defect that closely resembles Dubin-Johnson syndrome. Biliary 
excretion of conjugated bilirubin, glutathione-conjugated BSP, 
iopanoic acid, and indocyanine green is decreased, whereas tauro- 
cholate transport is normal.” These sheep have a mild hyper- 
bilirubinemia, with 60% of the bilirubin being conjugated. The 
liver is pigmented as in Dubin-Johnson syndrome*™ but the his- 
tologic results are otherwise normal. Total urinary coproporphyrin 
excretion is normal, with increased excretion of coproporphyrin 
I being balanced by decreased excretion of coproporphyrin III. 

TR Rats and Eisai Hyperbilirubinemic Rats. These rats have a 
hepatic excretory abnormality that strongly resembles that of the 
mutant Corriedale sheep and patients with Dubin-Johnson syn- 
drome. The biliary excretion of conjugated bilirubin and many 
other organic anions is impaired.” As in Dubin-Johnson syn- 
drome, coproporphyrin I constitutes a major fraction of the total 
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urinary coproporphyrins. As explained previously, the Abcc2 gene 
defect of TR” rats and Eisai hyperbilirubinemic rats has been 
characterized. Different single-nucleotide deletions cause an 
absence of canalicular MRP2 expression in these two animal 
models. '*° 

Rotor Syndrome 

Clinical Findings. In 1948 Rotor et al.”° described several 
individuals from two families who had chronic low-grade (2.4 mg/ 
dL to 6.0 mg/dL) predominantly conjugated hyperbilirubinemia. 
As in Dubin-Johnson syndrome, the findings of routine hemato- 
logic tests and routine blood biochemistry tests are normal, except 
for conjugated hyperbilirubinemia.’” There is no evidence of 
hemolysis. The findings of histomorphologic analysis of the liver 
are normal and, in contrast to the findings in Dubin-Johnson 
syndrome, the liver is not pigmented.” Rotor syndrome is rare 
but has been described in several races. Although Rotor syndrome 
shares the feature of conjugated hyperbilirubinemia with Dubin- 
Johnson syndrome, the basic abnormalities of these disorders are 
different.” 

Organic Anion Excretion. \n contrast to the findings in Dubin- 
Johnson syndrome, more than 25% of injected BSP is retained in 
serum at 45 minutes after intravenous administration of BSP at 
5 mg/kg.” There is no secondary rise of plasma BSP level in 
Rotor syndrome, and conjugated BSP does not appear in plasma.” 
Following intravenous administration, there is also marked plasma 


TABLE 
58-5 


retention of unconjugated bilirubin” and indocyanine green.” 


Phenotypically normal obligate heterozygotes for Rotor syndrome 
have mildly abnormal BSP retention at 45 minutes, which is 
intermediate between results in affected patients and normal con- 
trols.” Oral cholecystographic agents usually do not visualize the 
gallbladder in Dubin-Johnson syndrome but they do in Rotor 
syndrome.” 

Urinary Coproporphyrin Excretion. In contrast to the findings 
in Dubin-Johnson syndrome, total urinary coproporphyrin is 
increased by 250% to 500% over normal in Rotor syndrome, and 
the proportion of coproporphyrin I in urine is approximately 65% 
of the total (see Fig. 58-8).”® These results are similar to those 
seen in many other hepatobiliary disorders.” Obligate heterozy- 
gotes have a coproporphyrin excretory pattern that is intermediate 
between that of control individuals and patients with Rotor syn- 
drome. With respect to urinary coproporphyrin excretion, Rotor 
syndrome is inherited as an autosomal recessive characteristic.’ 
Similar and differential features of Dubin-Johnson syndrome and 
Rotor syndrome are listed in Table 58-5. 

The Genetic and Mechanistic Basis of Rotor Syndrome. The 
recent discovery of genetic abnormalities associated with Rotor 
syndrome has elucidated the mechanism of hyperbilirubinemia 
in this disorder.” The model of bilirubin throughput that has 
been constructed on the basis of these findings is as follows. 
As discussed in the section entitled “Acquired and Inherited 


Inherited Disorders Associated With Elevation of Conjugated Bilirubin Concentrations 


Serum bilirubin pattern and concentrations 


Predominantly conjugated 


Predominantly conjugated 


Usually 50-85 mol/L; can be as high as 340 mol/L 


Usually 50-100 mol/L; occasionally as high 
as 340 mol/L 


Routine liver function test findings 


Normal except for hyperbilirubinemia 


Normal except for hyperbilirubinemia 


Serum bile salt levels 


Normal 


Normal 


Plasma BSP retention 


Normal at 45 min; secondary rise at 90 min 


Elevated; no secondary rise at 90 min 


BSP infusion studies 


Tn very low; storage normal 


Tm and storage both reduced 


Oral cholecystography 


Usually does not visualize gallbladder 


Usually visualizes gallbladder 


Urinary coproporphyrin excretion pattern 


Total: normal; >80% as coproporphyrin | 


Total: elevated; ~50-75% as coproporphyrin | 


Appearance of liver 


Grossly black 


Normal 


Histologic appearance of liver 


Dark pigments, predominantly in centrilobular areas; 
otherwise normal 


Normal, no increase in pigmentation 


Mode of inheritance 


Autosomal recessive 


Autosomal recessive 


Prevalence Rare (1 in 1300 in Persian Jews) Rare 
Prognosis Benign Benign 
Mechanism Defective bile canalicular excretion of bilirubin Defective reuptake of bilirubin glucuronides 


glucuronides and other organic anions, except bile salts 


at the basolateral membrane 


Genetic basis 


Mutations of the ABCC2 gene 


Simultaneous genetic lesions of SLCO1B1 
and SLCO1B3 


Animal model 


BSP, Bromosulfophthalein. 


Mutant TR” rats/mutant Corriedale sheep/golden lion 
tamarin 


None 


Abnormalities of Hepatic Bilirubin Uptake,” the basolateral mem- 
branes of hepatocytes express MRP3, which actively pumps biliru- 
bin glucuronides out of the hepatocytes into the sinusoidal blood. 
In normal conditions, bilirubin entering the hepatic sinusoidal 
blood at the portal triad is efficiently internalized and conjugated 
by hepatocytes in the periportal region. However, because bile 
canalicular excretion is rate limiting in bilirubin throughput, a 
fraction of the bilirubin glucuronides could tend to accumulate 
in the periportal hepatocytes. Bilirubin glucuronides, however, 
are pumped out of the hepatocytes into the sinusoidal blood by 
MRP3. Reuptake of bilirubin conjugates by hepatocytes located 
downstream of sinusoidal blood flow is mediated by two solute 
carrier organic anion transporters, OATP1B1 and OATP1B3 
(encoded by SLCOIB1 and SLCO1B3 respectively). This leads to 
the recruitment of additional hepatocytes to the bilirubin excre- 
tory process, thereby effectively increasing the bilirubin handling 
capacity of the liver. Simultaneous genetic lesions of SLCOIB1 
and SLCO1B3 disrupt the reuptake of conjugated bilirubin, 
which then accumulates in the plasma, giving rise to the Rotor 
syndrome phenotype. Requirement genetic abnormality of two 
genes accounts for the rarity of Rotor syndrome (approximately 
1 in 1 million). Notably, the OATPs are involved in the uptake 
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of other endogenous compounds and drugs as well. This explains 
the abnormal urinary porphyrin excretion found in Rotor syn- 
drome.”” OATP1B1 polymorphisms are known to be associated 
with reduced transport and increased plasma concentrations of 
anticancer agents, methotrexate, and statins, potentially causing 
toxicity. A well-studied example of this is statin-related myopa- 
thy in subjects with polymorphisms of SLCOIB1.''* Although 
no drug toxicity has been reported so far in Rotor syndrome 
patients, in view of these findings, caution is advised when drugs 
transported by OATP1B1 or OATP1B are used in such patients. 
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Wilson Disease 


EVE A. ROBERTS AND GEORGIOS LOUDIANOS 


ABBREVIATIONS 


ALT alanine aminotransferase 
AST aspartate aminotransferase 
ATPase adenosine triphosphatase 
CTR1 copper transporter 1 

LT liver transplantation 


Introduction 


Copper is essential for biologic processes in plants, bacteria, fungi, 
and complex organisms. Because copper can exist in two oxida- 
tion states (Cu* or Cu”), it is a versatile cofactor for numerous 
enzymes but it can also participate in reactions that produce 
activated oxygen species. Although mammals require copper for 
normal cellular functions, they use trace amounts—far lower than 
what is absorbed from the diet. Excess copper is highly toxic in 
tissues, and the disposition of copper is tightly controlled. Copper- 
associated diseases occur when this control is disturbed. There are 
two human diseases involving copper transport that are due to 
defective metal-transporting P-type adenosine triphosphatases 
(ATPases). Menkes disease is an X-linked defect in transport of 
copper from the intestine that results in copper deprivation in 
many organs. Wilson disease, an autosomal recessive disorder, 
leads to copper overload in the liver and other organs. Other 
human diseases characterized by hepatic copper overload have 
been described—Indian childhood cirrhosis and Tyrolean 
cirrhosis—but their possible genetic basis and disease mechanisms 
have not been determined and may not be identical. Recently 
some genetic disorders sharing mechanistic features of Wilson 
disease have been identified. Hepatic accumulation of copper is a 
well-known consequence of severe chronic cholestasis but will not 
be discussed further. 


Wilson Disease: History 


Wilson disease is a prototype of twentieth-century biomedical 
progress through research in clinical and basic science. Wilson’ 
gave its first detailed description in 1912 as a familial disorder 
characterized by progressive, lethal neurologic disease along with 
cirrhosis and a corneal abnormality known as the Kayser-Fleischer 
ring, itself first described approximately 10 years earlier. Although 
numerous observations over the next few decades pointed to 
copper overload as being important in Wilson disease, the etio- 
logic role of copper was not firmly established until 1948.* The 
importance of low concentrations of plasma ceruloplasmin, the 
major serum protein containing copper, was recognized in 1952. 
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By the mid-1950s the main diagnostic criteria for Wilson disease 
were clear, and in 1956 oral chelation therapy with penicillamine, 
a sulfhydryl-containing metabolite of penicillin, was first used. 
This treatment radically changed the outlook for the disease 
because many, if not most, patients could be restored to good 
health. Although Wilson disease could be treated successfully, 
knowledge of its pathobiology remained incomplete. A defect in 
biliary excretion of copper appeared to be the most likely mecha- 
nism of disease but this remained unproven. An autosomal reces- 
sive pattern of inheritance was confirmed in 1960. In 1985 the 
gene was localized to chromosome 13, and in 1993 the abnormal 
gene in Wilson disease was identified.** The ATP7B gene encodes 
the metal-transporting P-type ATPase ATP7B (Wilson ATPase), 
which has six copper-binding units. The N-terminal of the Wilson 
ATPase, including all six copper-binding units, was expressed in 
1997, and the copper-binding action of this domain was charac- 
terized.’ The Wilson ATPase structure was first demonstrated by 
homology modeling in 2002.° Subsequent studies provided a basis 
for predicting the functional effects of mutations. Since identifica- 
tion of the abnormal gene in Wilson disease more than 20 years 
ago, more than 500 mutations have been described worldwide. 
Several animal models have been identified: the Long-Evans cin- 
namon rat, the Rauch toxic milk mouse (C57/BI6 strain), the 
Jackson toxic milk mouse (C3H strain), and a knockout mouse 
with the entire gene disrupted. 


Copper Pathway 


‘The average diet includes ample amounts of copper, and ordinary 
daily intake of copper ranges from 1 mg to 10 mg, usually around 
2 mg to 5 mg, depending on the mix of meat, legumes, shellfish, 
and chocolate. The recommended daily intake is 0.9 mg. Most 
(85%) of the dietary copper is excreted, with only 15% being 
retained in body tissues (Fig. 59-1). Copper is essential for many 
cellular processes.’ Trace amounts of copper are required for the 
action of various essential enzymes. These include lysyl oxidase, 
involved in connective tissue production and elastin cross-linking; 
Cu/Zn superoxide dismutase, a cytoplasmic free-radical scaven- 
ger; cytochrome c oxidase, integral to mitochondrial oxidative 
phosphorylation; tyrosinase, required for pigment production; 
dopamine B-monooxygenase, involved in neurotransmission; and 
peptidyl o&-aminating monooxygenase, which plays a role in pro- 
cessing neurotransmitters. 

Dietary copper, along with copper found in salivary and gastric 
secretions and pancreatic juice, is absorbed in the small intestine, 
mainly in the duodenum and proximal part of the jejunum. 
Absorption is probably via human copper transporter 1 (CTR1) 


Oral intake 
(2-5 mg/day) 


Renal excretion, 
reabsorption 


Transport via plasma BiA. 
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Other tissues, proteins/enzymes: 
Brain 

Connective tissue 

Muscle 


Holoceruloplasmin (ferroxidase) 


Ferritin Transferrin 
Fe3+ Fe?+ 
(iron mobilization) 


Fecal excretion 
(1—4 mg/day) 
e Fig. 59-1 Simplified overview of the pathways for copper transport, with uptake in the small intes- 
tine and excretion predominantly via bile. Two sites of transport disorders are shown: A, Menkes disease 
(related to the ATP7A gene); B, Wilson disease (related to the ATP7B gene). apoCP, Apoceruloplasmin; 


holoCP, holoceruloplasmin; MT, metallothionein. 


expressed on enterocytes, although divalent metal transporter 1 
may play a small role. Once absorbed, copper binds reversibly to 
serum albumin and to various amino acids, of which histidine is 
the most important. Copper-albumin and copper-histidine com- 
plexes distribute copper to various tissues, mainly the liver. Copper 
loosely bound to amino acids is filtered in the kidneys and reab- 
sorbed in the tubules. 

The predominant route for excretion of dietary copper is hepa- 
tobiliary. There is no enterohepatic recirculation of copper. Copper 
is excreted in the feces. Typically, the kidneys account for less than 
5% of copper excretion, unless the renal tubular reabsorption 
capacity is exceeded, as occurs in Wilson disease. Thus, in a 
normal individual, close regulation of excretion of copper into 
bile is critically important for whole-body copper homeostasis. 


Epidemiology: Incidence and 
Geographic Distribution 


Wilson disease is found worldwide. It occurs on average in 30 
individuals per million (i.e., 1 per 30,000) population, with a 
corresponding carrier frequency of approximately 1 in 90. In some 
populations it is quite rare, on the order of 1 per 100,000 popula- 
tion. In other populations, such as Sardinians and Chinese, the 
prevalence is higher than average. Wilson disease is relatively 
uncommon in populations of African origin. 


Pathogenesis 


Basic Defect 


Cloning of the genes for the two known human metal-transporting 
P-type ATPases provided the first key insights into the basic cel- 
lular defects in Wilson disease. ATP7A, the gene abnormal in 
Menkes disease, an X-linked disorder, was cloned by use of a 


chromosomal breakpoint in an affected female. It was found to 
be related to bacterial copper resistance genes. The gene abnormal 
in Wilson disease (ATP7B) is found on chromosome 13. It was 
cloned by a combination of conventional linkage analysis and 
physical mapping of the relevant region of chromosome 13 
(13q14) and, finally, by capitalizing on its extensive homology 
with the Menkes disease gene.” The coding region of ATP7B is 
4.1 kb in length, with messenger RNA of approximately 8 kb. It 
consists of 21 exons; its 5’ untranslated region has also been 
defined. All functionally important regions of ATP7B are con- 
served as compared with homologous genes in bacteria and yeasts. 
Although ATP7A is expressed in many tissues, including muscle, 
kidney, heart, and intestine, ATP7B has a different and somewhat 
complementary pattern of tissue expression. ATP7B is expressed 
predominantly in the liver and kidneys, with minor expression in 
the brain, lungs, and placenta. 

The gene product, known as the Wilson ATPase, is an intracel- 
lular membrane-spanning P-type ATPase consisting of 1411 
amino acid residues with a molecular mass of approximately 
165 kDa. P-type ATPases are functionally diverse but all have a 
cation channel and phosphorylation domains with a highly con- 
served aspartate-containing motif, DKTGT, in which the aspar- 
tate residue is transiently phosphorylated during the transport 
cycle. The Wilson ATPase retains this feature and also a highly 
characteristic CPC motif in a transmembrane segment. The 
Wilson ATPase is notable for having a copper-binding domain 
composed of six copper-binding units in tandem, each featuring 
the CXXC motif, in addition to an ATPase loop region and eight 
transmembrane segments that form a pore.” Recently, extensive 
crystallographic and NMR analyses have further elucidated its 
structure,”'' which was originally shown by homology mapping 
with SERCA1, the sarcoplasmic Ca’ P-type ATPase, as a model.° 
The Wilson ATPase N-terminal copper-binding domain binds 
copper with the stoichiometry of one copper molecule per metal- 
binding unit through a cooperative mechanism.’ Bound copper 
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is in the +1 oxidation state and is coordinated by two cysteines 
in a distorted linear geometry, and the N-terminal region under- 
goes secondary and tertiary conformational changes in response 
to binding of copper. Conformational changes may influence the 
function of the Wilson ATPase, depending on the copper concen- 
tration, in which case the N-terminal region would have a regula- 
tory role. 


Copper Transport and Homeostasis 
in Hepatocytes 


Copper loosely bound to albumin or histidine is available for 
uptake into hepatocytes across the sinusoidal plasma membrane 
(Fig. 59-2). Because copper associated with these transporters is 
in the cupric form (+2 valence state), it must be reduced to the 
cuprous form (+1 valence state) before hepatocellular uptake. 
After the available copper has been reduced by a reductase pre- 
sumed to be located on the outer surface of the hepatocyte mem- 
brane or possibly by dietary reductants, it is taken up into 
hepatocytes via the transmembrane transporter CTR1 (a member 
of the solute ligand carrier superfamily), which is encoded by the 
SLC31A1 gene. Human CTRI1 is a membrane-spanning protein 
that appears to exist as a trimer to form a channel in the hepato- 
cellular plasma membrane. Somewhat analogous to the Wilson 
ATPase, human CTRI has a copper-binding domain near the 
N-terminal, but this domain consists of a different motif: a methi- 
onine cluster (MXXM) as opposed to a cysteine cluster (CXXC). 
Copper uptake may be linked to potassium transport. Although 
CTRL is not the main regulatory control point for copper homeo- 
stasis, it appears to be degraded in the presence of high concentra- 
tions of copper. Degradation of CTR1 with resultant elevation 
of the level of non-ceruloplasmin-bound copper in the plasma 
compartment may occur earlier in the course of the disease than 


hepatocellular necrosis,” and thus it may account for patients 
who have neurologic disease with minimal or no hepatic involve- 
ment. A second copper transporter, known as Auman copper trans- 
porter 2, mediates low-affinity copper uptake. The role of divalent 
metal transporter 1 in hepatocellular copper uptake, apart from 
that mediated by CTR1, is controversial. 

Molecular copper does not exist freely within cells. In hepato- 
cytes and other cells it is bound to low molecular weight proteins 
called metallochaperones, each of which delivers copper to different 
specific target molecules within the cell for use in cellular pro- 
cesses or further protein synthesis. Enterocytes and hepatocytes 
contain metallothioneins, a class of inducible low molecular 
weight cysteine-rich proteins that can sequester copper in a non- 
toxic form. Copper can also form complexes with intracellular 
glutathione. In hepatocytes, copper is incorporated into cerulo- 
plasmin, a 132-kDa 0,-glycoprotein produced in the liver. It 
contains six molecules of copper. As a ferroxidase, ceruloplasmin 
oxidizes iron for transport from ferritin to transferrin. Ceruloplas- 
min lacking copper (apoceruloplasmin) is devoid of ferroxidase 
activity; its halflife within the plasma compartment is compara- 
tively brief, on the order of 24 hours. When copper is inserted 
into apoceruloplasmin, the resulting protein is ceruloplasmin 
(technically known as holoceruloplasmin), which is enzymatically 
active. Approximately 95% of the copper in plasma is integrated 
within ceruloplasmin, and therefore this copper is not exchange- 
able. The Wilson ATPase appears to be essential for synthesizing 
ceruloplasmin. 

Once copper is inside the hepatocyte, complicated cellular 
machinery controls its disposition. Metallochaperones coordinate 
the movement of copper to specific sites in the cell.“ CCS1 guides 
copper to Cu/Zn superoxide dismutase. Cox17 supplies copper 
to cytochrome c oxidase in mitochondria. SCO1 and SCO2 
mediate the transfer of copper to subunit II of cytochrome c 


Secretion into plasma 


Metallothionein 
& (copper storage) 


(Holo)ceruloplasmin 
© 


Cu/Zn superoxide 
=> © dismutase TGN 


a Mitochondria CD 
D => sco1 


Nucleus 


Apoceruloplasmin 


ATP7B COMMD1? 


Cytochrome 
CMD oxidase 
e Fig. 59-2 Proposed model of the intracellular pathways of copper trafficking within the hepatocyte, 
with the major proteins involved shown. Low molecular weight copper chaperones (ATOX1, SCO1/ 
COX17, and CCS) each deliver copper to a specific target protein (ATP7B, Wilson ATPase; cytochrome 
c oxidase; and superoxide dismutase, respectively). SCO1 transports copper across the mitochondrial 
membrane. ATP7B (shown as a channel) traffics from the trans-Golgi network (TGN) to cytoplasmic 
vesicles that deliver copper to the bile canaliculus. Copper metabolism domain-containing 1 (COMMD1) 


is proposed to be involved in excretion of copper from the hepatocyte but may have other functions in 
the intracellular disposition of copper. CTR1, Copper transporter 1. 


oxidase, and other metallochaperones might be involved. The 
chaperone ATOX1 transports copper to the Wilson ATPase, 
located in the trans-Golgi network region. ATOX1 has a single 
CXXC copper-binding domain; it interacts directly with the 
Wilson ATPase to transfer copper, possibly through specific 
copper-binding units; all details of the interaction between the 
Wilson ATPase and ATOX1 remain to be established.” 

The intracellular action of the Wilson ATPase is at least 
twofold: it has a role both in incorporating copper into cerulo- 
plasmin and in facilitating excretion of copper into bile. In vitro 
studies using various continuous cell lines have shown that the 
intracellular location of the Wilson ATPase changes with increased 
intracellular copper concentration. When the intracellular copper 
concentration is elevated, the Wilson ATPase redistributes from 
the trans-Golgi network to vesicles in the apical region of the 
hepatocyte: namely, the vicinity of the bile canalicular mem- 
brane.'*'°!” Evidently the Wilson ATPase can also sense the 
ambient copper concentration within the hepatocyte but the 
mechanism remains unclear. The sixth copper-binding unit 
appears to be essential for normal intracellular trafficking. Interac- 
tion of the Wilson ATPase and the dynactin subunit p62 may be 
part of the mechanism of this intracellular redistribution.'* Many 
details of the cellular mechanism of biliary excretion of copper 
remain unknown. There may be more than one mechanism, one 
being direct exocytosis from cytoplasmic vesicles in the endosome- 
lysosome spectrum. This complicated mechanism is activated 
when ambient concentrations of copper in the hepatocyte are 
elevated; it involves the movement of the Wilson ATPase to a 
lysosome, where it imports copper into its lumen and then inter- 
acts with the p62 subunit of dynactin to enable the lysosome to 
translocate toward the canalicular pole of the hepatocyte.’ 
Whether the Wilson ATPase actually resides transiently in the bile 
canalicular membrane to transport copper into bile remains 
unclear.” A paracellular pathway for copper excretion has also been 
suggested. 

Studies regarding the inherited copper toxicosis in Bedlington 
terriers have identified a new component of the copper transport 
system. This hepatic copper toxicosis is inherited recessively. Clin- 
ical expression is variable, with death occurring at 2 to 3 years of 
age or prolonged chronic disease. The abnormal gene in this dis- 
order was identified in a region equivalent to human chromosome 
2 and not chromosome 13, where the Wilson disease gene is 
located. The causative gene for this condition appears to be 
COMMD1, originally known as MURRI, in which one of the 
three coding exons was found to be completely deleted in affected 
dogs.” However, some affected dogs lack the deletion.” The 
protein encoded by COMMD1 (i.e., copper metabolism domain- 
containing 1) can interact with the copper-binding domain of 
Wilson ATPase”; it interacts with the X-linked inhibitor of apop- 
tosis” and inhibits nuclear factor KB, a transcription factor affect- 
ing immune responses and cell cycle regulation, by affecting the 
association of nuclear factor KB with chromatin in the nucleus. 
Because its effect on cellular copper distribution is modest, copper 
metabolism domain—containing 1 cannot yet be regarded as 
having a proven major role in copper transport. A family of related 
genes has now been identified, named COMMD genes, which 
contain the copper metabolism gene MURRI domain.” 

Some aspects of cellular metal transport are not specific. Plati- 
num (including organic platinum compounds used as chemo- 
therapy for neoplasia) appears to use all of the hepatocellular 
machinery evolved for the disposition of copper.” Resistance to 
the chemotherapeutic effect of cisplatin in some types of neoplasia 
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has been related to function of the Wilson ATPase.” By contrast, 
zinc has its own family of transporters. 


Consequences of Copper Storage 


Because copper is a prooxidant, liver damage in patients with 
Wilson disease is attributed to oxidative stress. Accumulated 
copper is probably a source of activated oxygen species through a 
Fenton-type reaction. Generation of peroxides and hydroxyl radi- 
cals leads to nuclear DNA damage. Studies using primary cultures 
of rat hepatocytes have shown that copper generates more acti- 
vated oxygen species and causes more lipid peroxidation than 
cadmium does.” Incubation of Hep G2 cells with increasing 
concentrations of copper led to the generation of activated oxygen 
species in a dose-responsive pattern, whereas incubation with zinc 
did not have this effect.” 

Copper toxicity in the brain also appears to involve oxidative 
stress. The amyloid precursor protein may regulate copper action 
in the brain but it is not clear whether it functions as a metallo- 
chaperone. Increased concentrations of copper in the milieu sur- 
rounding neurons or altered activities of key copper-containing 
enzymes in the brain may contribute to the neuronal damage and 
possibly account for the selectivity of the damage. 

Some clinical data support a role for oxidative stress in the 
disease mechanism. Focal deletions in mitochondrial DNA typical 
of aging may develop in patients with Wilson disease.” Subnor- 
mal levels of antioxidants such as vitamin E are found in untreated 
Wilson disease, thus suggesting overutilization.*’ Oxygen radical 
damage may also be reflected by increased mutations in the 7P53 
tumor suppressor gene and by increased nitric oxide synthase, as 
reported in the livers of patients with Wilson disease. 


Clinical Manifestations 


Clinical Diagnostic Features 


The clinical findings in patients with Wilson disease are extremely 
variable. The classic patient has typical hepatic or neurologic 
disease, extremely low serum ceruloplasmin level (<50 mg/L), 
basal urinary copper excretion of more than 0.6 Umol/24 hr, and 
detectable Kayser-Fleischer rings. The age at the onset of symp- 
toms is classically between 5 and 40 years.”' It is clear that age is 
no longer a criterion for diagnosis. Wilson disease with hepatic 
involvement has been identified in patients younger than 5 years” 
and in patients in their 70s to 80s.” Wilson disease may be mani- 
fested clinically as chronic or fulminant liver disease, as a progres- 
sive neurologic disorder without evident hepatic dysfunction, or 
as rather nondescript psychiatric illness.**** Some patients have 
one or more episodes of isolated, self-limited acute hemolysis. This 
degree of clinical variability frequently makes confirmation of the 
diagnosis very difficult. Many patients are not classic. A diagnostic 
algorithm” requires continued validation and refinement. Cur- 
rently, validation has been performed only for Wilson disease in 


childhood (Fig. 59-3).** 


Hepatic Involvement 


Wilson disease is manifested as liver disease more commonly in 
children?“ but should be considered as the cause of any acute or 
chronic liver disease in adults. Wilson disease should be consid- 
ered as a possible diagnosis in any child, whether symptomatic or 
not, who has hepatomegaly, persistently elevated levels of serum 
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ATP7B (molecular) testing [Cu] >250 ug/g dry weight 


e Fig. 59-3 Diagnostic approach for patients (of any age) with unexplained liver disease, with or 
without neurologic abnormalities typical of Wilson disease. Slit-lamp examination of the eyes, measure- 
ment of serum ceruloplasmin concentration, and measurement of basal 24-hour urinary excretion of 
copper are primary investigations. Prior determination of liver enzyme levels is assumed; central nervous 
system examination by brain magnetic resonance imaging is highly recommended. For basal 24-hour 
urinary copper excretion, a 40 ug/day cutoff is equivalent to 0.6 umol/day. The dotted lines indicate that 
if the biopsy findings are fully diagnostic of another diagnosis then that is the end of this diagnostic 
process, but if there is any uncertainty, then hepatic copper quantification should be performed. A disease- 
causing abnormality (asterisk) may be homozygosity for a disease-causing alteration in ATP7B or com- 
pound heterozygosity for two different disease-causing gene alterations; alternatively, highly informative 
techniques not requiring genotype analysis might be used. KF, Kayser-Fleischer; MAI, magnetic resonance 
imaging; WD, Wilson disease (Modified from Roberts EA, Schilsky ML. Diagnosis and treatment of Wilson 


disease: an update. Hepatology 2008;47:2089-2111.) 


aminotransferases, or evidence of fatty liver. The symptoms may 
be vague and nonspecific: fatigue, anorexia, or abdominal pain. 
Occasionally, patients of any age are found to have a self-limited 
clinical illness resembling acute hepatitis, with malaise, anorexia, 
nausea, jaundice, elevated levels of serum aminotransferases, and 
abnormal coagulation test results. Frequently, this hepatic disorder 
resembles acute autoimmune hepatitis. Some patients have a 
history of self-limited jaundice, apparently caused by unexplained 
hemolysis. Patients with hepatic Wilson disease may have severe, 
established chronic liver disease as shown by hepatosplenomegaly, 
ascites, congestive splenomegaly, low serum albumin level, and 
persistently abnormal coagulation. Many of these findings relate 
more to portal hypertension as a consequence of Wilson disease 
than to the metabolic disorder itself. A few patients have been 
encountered with isolated splenomegaly, without hepatomegaly, 
or indeed without any evidence of hepatic dysfunction. Initial 
manifestation as splenic rupture has been reported. 

In children and young adults, hepatic Wilson disease may look 
exactly like autoimmune hepatitis.“ As with actual autoimmune 
hepatitis, onset is frequently acute. In Wilson disease mimicking 
autoimmune hepatitis, fatigue, malaise, arthropathy, and rashes 
may occur; laboratory findings include elevated levels of amino- 
transferases, greatly increased serum immunoglobulin G concen- 
tration, and positivity for nonspecific autoantibodies such as 


antinuclear antibody and anti-smooth muscle (anti-actin) anti- 
body. Wilson disease must be specifically investigated because 
treatment of the two diseases is entirely different. Genetic testing 
for Wilson disease is appropriate as an efficient and highly infor- 
mative diagnostic strategy for such cases. With appropriate treat- 
ment, the long-term outlook for patients with Wilson disease 
manifested as autoimmune hepatitis appears to be favorable even 
if cirrhosis is present. 

Recurrent bouts of hemolysis may lead to cholelithiasis with 
bilirubinate stones. Cirrhosis may be a further predisposing factor. 
Children with unexplained cholelithiasis, particularly with small 
bilirubinate stones, should be tested for Wilson disease. Hepato- 
cellular carcinoma is rare in patients with Wilson disease, as 
opposed to other chronic liver diseases, but recent reports suggest 
that it is not as rare as generally thought.“* The reported age at 
diagnosis of hepatocellular carcinoma in patients with Wilson 
disease includes all decades from the teens to the seventh decade, 
including the youngest, a 10-year-old girl. Cholangiocarcinoma 
may also occur. 


Neurologic Involvement 

Neurologic Wilson disease tends to occur in the second and third 
decades or later but it has been reported in children as young 
as 6 to 10 years-old. If Kayser-Fleischer rings and prominent 


cupriuria are not present or if the neuropsychiatric syndrome is 
either atypical or nonspecific, diagnosis can be difficult.*”*** 
Almost all patients with the neurologic form have hepatic involve- 
ment; however, the hepatic disease may be entirely asymptomatic. 
Approximately 40% of patients with a neurologic manifestation 
of Wilson disease have cirrhosis. Neurologic Wilson disease 
follows two main patterns: (1) increased or abnormal movement 
disorder, which may be characterized by tremor or dystonia, or 
(2) a relative loss of movement that resembles parkinsonian rigid- 
ity. Movement disorders tend to occur earlier and include tremors, 
poor coordination, and loss of fine motor control. The earliest 
symptoms may be subtle and attributed to other factors; for 
example, familial tremor has erroneously been implicated in some 
patients. Dystonia involves a sustained focal movement disorder, 
and patients may also have a facial grimace known as the risus 
sardonicus. The disorders with reduced movement and rigidity 
generally develop later. These disorders strongly resemble a par- 
kinsonian phenotype, with masklike facies, gait disturbance, and 
pseudobulbar involvement, such as dysarthria, drooling, and dif- 
ficulty swallowing. The features suggesting pseudobulbar involve- 
ment may, however, occur in any patient with neurologic Wilson 
disease. Various speech disorders may occur with any of these 
neurologic manifestations: speech abnormalities include slurred 
or scanned speech, garbled speech described as difficulty getting 
the words out, and hypophonia, a soft whispery voice. Epilepsy, 
including status epilepticus, can occur in patients with Wilson 
disease. Generally, intellect is not impaired. 

In patients who have predominantly hepatic disease, neuro- 
logic involvement is often subtle. Direct questioning may be 
required to determine whether the patient has significant mood 
disturbance, recent deterioration in academic or occupational per- 
formance, clumsiness, and disorganized cramped handwriting. 


Psychiatric Aspects 


As many as 20% of patients may have purely psychiatric 
symptoms.“ These symptoms are highly variable, although 
depression is common. Neurotic behavior such as phobias or 
compulsive behavior has been reported; aggressive or antisocial 
behavior may also occur, as may psychosis. In some younger 
patients the psychiatric disorder seems disproportionately severe 
for the age. In most patients with purely psychiatric features of 


Wilson disease, the diagnosis is delayed to older age. 


Ocular Features 


The classic Kayser-Fleischer ring is caused by deposition of copper 
in the membrane of Desçemet (Fig. 59-4). Although copper is 
distributed throughout the cornea, fluid streaming favors accu- 
mulation of copper there, especially at the superior and inferior 
poles and eventually circumferentially around the iris. Kayser- 
Fleischer rings are visible on direct inspection only when the iris 
is lightly pigmented and copper deposition is heavy. A careful 
slit-lamp examination is mandatory. Kayser-Fleischer rings may 
be absent in approximately 50% of patients with exclusively 
hepatic involvement and in presymptomatic patients. They are 
less commonly found in children. Most patients with neurologic 
features of Wilson disease have Kayser-Fleischer rings; however, 
approximately 5% do not. Kayser-Fleischer rings are not specific 
to Wilson disease. They may be found in patients with other types 
of chronic liver disease, usually with a prominent cholestatic com- 
ponent, such as primary biliary cirrhosis. With effective chelation, 
the Kayser-Fleischer rings disappear; the lateral edges are resorbed 
first and the superior and inferior poles last. Disappearance of 
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e Fig. 59-4 Kayser-Fleischer ring, a golden-brown deposit seen at the 
outer rim of the iris, in membrane of Desgcemet. Kayser-Fleischer rings 
are present in 40% to 95% of patients, depending on the type of onset. 
(Courtesy of the late Professor Dame Sheila Sherlock, London.) 


e Fig. 59-5 Sunflower cataract, an infrequent ocular manifestation, 
caused by copper deposits in the lens. (Courtesy of the late Dr. Irmin 
Sternlieb, New York.) 


Kayser-Fleischer rings with treatment should not be interpreted 
as casting doubt on the original diagnosis of Wilson disease. 

Copper can be deposited in the lens and lead to the so-called 
sunflower cataract (Fig. 59-5), which does not interfere with 
vision. Like Kayser-Fleischer rings, it disappears with effective 
chelation therapy. 


Involvement of Other Systems 


Wilson disease can be accompanied by various extrahepatic dis- 
orders, apart from neurologic disease. Episodes of hemolytic 
anemia can result from sporadic release of copper into blood. 
Renal disease, mainly Fanconi syndrome, may be prominent. 
Abnormalities include microscopic hematuria, aminoaciduria, 
phosphaturia, and defective acidification of urine, and nephroli- 
thiasis has been reported. Arthritis, affecting mainly the large 
joints, may occur as a result of synovial copper accumulation. 
Other musculoskeletal problems include osteoporosis and osteo- 
chondritis dissecans. Vitamin D-—resistant rickets may develop as 
a result of the renal damage. Copper deposition in the heart can 
lead to cardiomyopathy or cardiac arrhythmias.’ Sudden death 
in patients with Wilson disease has been attributed to cardiac 
involvement but this is rare. Copper deposition in skeletal muscle 
can cause rhabdomyolysis. Children occasionally present with 
muscle cramping. Pancreatitis, possibly caused by deposition of 
copper in the pancreas, may also occur. 
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Endocrine disorders can occur. Hypoparathyroidism has been 
attributed to copper deposition. Amenorrhea and testicular prob- 
lems appear to be due to Wilson disease itself, not as a conse- 
quence of cirrhosis. Infertility or repeated spontaneous abortions 
occur with untreated Wilson disease.” 


Biochemical Diagnostic Features 


The two main disturbances in hepatocellular copper disposition 
in Wilson disease are absent or decreased incorporation of copper 
into ceruloplasmin and greatly decreased biliary excretion of 
copper. Abnormalities in clinical biochemistry revolve around the 
serum ceruloplasmin concentration. The normal serum concen- 
tration of ceruloplasmin in adults is 200 mg/L to 600 mg/L.” In 
the neonatal period, serum ceruloplasmin levels are low (50 mg/L 
to 260 mg/L), and in the first few years of life the levels are in 
the high end of the normal range (300 mg/L to 500 mg/L), with 
adult serum concentrations being reached by adolescence. Ceru- 
loplasmin is an acute-phase protein whose serum levels are 
increased by inflammatory hepatic disease, pregnancy, or estrogen 
supplements. The serum ceruloplasmin concentration is typically 
decreased in patients with Wilson disease, and therefore the serum 
copper concentration is also decreased. A serum ceruloplasmin 
level lower than 50 mg/L is a significant diagnostic finding. It is 
now recognized that many patients with hepatic Wilson disease, 
up to 30% to 40% depending on the reported series, have a 
normal or nearly normal serum ceruloplasmin concentration. This 
is in part methodologic. The immunologic methods routinely 
used in most clinical laboratories measure both apoceruloplasmin 
and holoceruloplasmin; these methods overestimate the true 
amount of ceruloplasmin in plasma. With an immunologic type 
of assay, a serum ceruloplasmin level lower than 140 mg/L may 
be an informative finding for Wilson disease.’ Enzymatic assays 
that measure the ferroxidase activity of ceruloplasmin, the routine 
method in the 1960s, are to be preferred. They provide a more 
reliable measure of ceruloplasmin for the diagnosis of Wilson 
disease by measuring ceruloplasmin that is enzymatically active by 
virtue of it containing copper.” It thus can serve as a mechanistic 
biomarker. The enzymatic assay permits a reliable, reasonably 
accurate estimate of the amount of non-ceruloplasmin-bound 
copper and may indicate early copper deficiency when oxidized 
activity is completely absent.” In some patients with hepatic 
Wilson disease, hepatic inflammation may be sufficient to increase 
serum ceruloplasmin levels to the normal range. In infants, serum 
ceruloplasmin levels may appear consistent with the diagnosis of 
Wilson disease; in preschool-aged children the level may appear 
normal but is actually low for the age. 

Measurement of serum ceruloplasmin concentration by itself is 
not a sufficient diagnostic test for Wilson disease.” Protein synthe- 
sis may be decreased in other types of severe chronic liver disease. 
Protein loss from intestinal malabsorption, nephrotic syndrome, 
or severe malnutrition can cause a reduction in concentration. 
Furthermore, subnormal serum ceruloplasmin concentrations are 
found in at least 10% of heterozygotes for Wilson disease. Near- 
absence of ceruloplasmin is found in hereditary aceruloplasmin- 
emia, a rare autosomal recessive disease caused by mutations in 
the structural gene for ceruloplasmin on chromosome 3. Aceru- 
loplasminemia is associated with neurologic, retinal, and pancre- 
atic degeneration as a result of iron accumulation in the brain, 
retina, and pancreas.» Anemia with increased concentration of 
serum ferritin is found. Excessive hepatic iron storage occurs, 
as in hereditary hemochromatosis. These findings in hereditary 


aceruloplasminemia indicate the critical function of ceruloplas- 
min as a ferroxidase, and targeted disruption of the ceruloplasmin 
gene in a mouse model has confirmed its key role in transport- 
ing iron out of cells. Theoretically, patients with Wilson disease 
who are undergoing prolonged, aggressive chelation therapy could 
show similar effects if copper deprivation reduces the ferroxidase 
activity of ceruloplasmin to undetectable levels. This has been 
found in a few patients after prolonged treatment and in those 
with particularly low ceruloplasmin levels.” 

Typically, the serum copper concentration parallels the serum 
ceruloplasmin level. In severe or untreated Wilson disease, the 
non-—ceruloplasmin-bound copper concentration is elevated. This 
concentration can be estimated by subtraction of the amount of 
copper associated with ceruloplasmin from the total serum copper 
content. The arithmetic method is performed by multiplication 
of the serum ceruloplasmin concentration (in milligrams per liter) 
by 3.15 (the amount of copper, in micrograms, per milligram of 
ceruloplasmin) to determine the amount of copper (in micro- 
grams per liter) associated with ceruloplasmin. If total serum 
copper is reported in micromoles per liter, it must be converted 
to micrograms per liter by multiplication of that value by 63.5, 
the molecular weight of copper. The amount of ceruloplasmin- 
bound copper is then subtracted from the total serum copper. In 
normal individuals the non—ceruloplasmin-bound copper con- 
centration is approximately 50 ug/L to 100 ug/L. In Wilson 
disease the concentration is higher than 200 ug/L, or even 10 
times higher in the presence of fulminant hepatic failure and 
intravascular hemolysis. The usefulness of this calculation is highly 
dependent on the accuracy of the copper and ceruloplasmin mea- 
surements. Serum ceruloplasmin measured immunologically may 
be misleading in this calculation. A direct method for measuring 
non-ceruloplasmin-bound copper has recently become avail- 
able. Neither the estimated version nor this direct measurement 
has been validated as a diagnostic criterion. 

Studies of urinary copper excretion, preferably with three sepa- 
rate 24-hour collections, prove useful for diagnosis. It is critically 
important to ensure that collection is complete and precautions are 
taken against contamination with copper in the collection process; 
in general, problems with urine collection are not sufficient to 
invalidate the usefulness of testing. Spot urine samples are not 
suitable as a basis for diagnosis. The volume and urine creatinine 
concentration should be measured to show completeness of the 
24-hour collection. The conventional cutoff for diagnosing Wilson 
disease has been greater than 100 ug/24 hr (>1.6 Umol/24 hr) in 
symptomatic patients. Studies suggest that this threshold for diag- 
nosis is too high in that basal 24-hour urinary copper excretion 
may be less than 100 ug/24 hr in up to a quarter of patients. Use 
of 40 ug/24 hr (equivalent to 0.6 Umol/24 hr) appears to be a 
better diagnostic cutoff for Wilson disease.°°"’ Reference values 
for normal urinary copper excretion may differ from laboratory 
to laboratory. Heterozygotes usually have normal 24-hour urinary 
copper excretion, although occasionally it is borderline abnormal. 

A provocative test of urinary copper excretion, in which 
D-penicillamine (500 mg orally every 12 hours) is given while a 
24-hour urinary collection is obtained, sometimes provides useful 
information.” Although a normal person may excrete as much as 
20 times the baseline level after D-penicillamine administration, 
a patient with Wilson disease will excrete considerably more. 
Urinary copper excretion of 25 umol or more of copper in 24 
hours (21600 ug/24 hr) is taken as being diagnostic of Wilson 
disease. This provocative test was suggested as more reliable 
than measurement of the hepatic parenchymal copper content.’ 


Although it was initially validated in children, additional experi- 
ence revealed insensitivity for pediatric patients. Some patients 
with Wilson disease do not reach the 25-umol threshold. The 
sensitivity of this test is not as great as initially thought, especially 
for asymptomatic sibs. It has been validated in adults with a 
diagnostic cutoff of 17 [tmol/24 hr, determined by receiver oper- 
ating characteristic analysis. From a practical point of view, it is 
worthwhile performing this test on 3 successive days and making 
three separate 24-hour urine collections during D-penicillamine 
administration. Given these logistic demands and the lack of 
sensitivity, this test may have limited utility at present time; 
genetic testing has clear advantages over it. 

Serum uric acid and phosphate concentrations may be low 
because of the renal tubular dysfunction associated with untreated 
Wilson disease but these findings are not specific for Wilson 
disease nor particularly sensitive. Urinalysis may show micro- 
scopic hematuria. If possible, aminoaciduria, phosphaturia, and 
proteinuria should be quantified. 

The hepatic tissue copper concentration, usually measured by 
neutron activation analysis or atomic absorption spectrometry, 
may provide important diagnostic information. Hepatic copper 
content higher than 250 ug/g dry weight is considered diagnostic 
of Wilson disease. Conversely, hepatic parenchymal copper con- 
centrations less than 40 ug/g dry weight are taken as strong evi- 
dence against the diagnosis of Wilson disease. The upper limit of 
normal for hepatic parenchymal copper has been placed at 55 ug/g 
dry weight.” Liver biopsy samples must be collected without 
extraneous copper contamination, but disposable liver biopsy 
needles can be used. In early stages of Wilson disease, when 
copper is distributed diffusely in the liver cell cytoplasm and 
therefore not detected by histochemical stains, this measurement 
may clearly indicate hepatic copper overload. In later stages of 
hepatic Wilson disease, measurement of hepatic copper is less 
reliable because copper is distributed unequally in the liver. 
However, liver biopsy may not be safe in some patients because 
of coagulopathy or ascites. Transjugular liver biopsy may circum- 
vent this contraindication to percutaneous biopsy. Some patients 
with Wilson disease have a hepatic tissue copper concentration 
intermediate between normal and definitely elevated (between 
55 ug/g dry weight and 250 ug/g dry weight). The 250 ug/g dry 
weight threshold may be too high: a cutoff of 70 ug/g dry weight 
has been suggested on the basis of a large well-characterized clini- 
cal series.’ Others have suggested 209 ug/g dry weight as a highly 
sensitive and specific cutoff. If the hepatic parenchymal copper 
concentration is in the 70 ug/g dry weight to 250 ug/g dry weight 
range, further diagnostic testing (particularly genetic) is war- 
ranted, especially if other clinical features are present. Parenchy- 
mal copper measurement is highly susceptible to sampling 
problems. An adequate core of the liver biopsy specimen, at least 
1 cm in length, should be analyzed. Paraffin-embedded tissue can 
be used for retrospective analysis. An elevated hepatic copper 
concentration is not specific; patients with chronic cholestasis or 
diseases such as Indian childhood cirrhosis may have elevated 
hepatic copper levels. Some heterozygotes have minor elevations 
of liver tissue copper. Although hepatic parenchymal copper con- 
centration is critical information for the diagnosis of Wilson 
disease, treatment should not be withheld from the patient with 
classic clinical and biochemical findings of Wilson disease if liver 
copper determination is not immediately available. 

Because impaired production of ceruloplasmin is an important 
aspect of the hepatocellular pathologic features of Wilson disease, 
measurement of the incorporation of copper (as the radioactive 
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isotopes “Cu or “Cu, or the stable isotope Cu) into apocerulo- 
plasmin has been used as a diagnostic test. This test is obsolete, 
and it does not always distinguish heterozygotes from presymp- 
tomatic homozygous patients. 


Imaging Studies 


Sonography of the liver may reveal features associated with fatty 
infiltration of the liver or advanced chronic liver disease with 
portal hypertension and splenomegaly. Magnetic resonance 
imaging of the brain may be highly informative in the neurologic 
form of Wilson disease®””' and should also be performed in any 
patient with hepatic Wilson disease. 


Histopathology 


Wilson disease can exhibit a broad range of histologic findings on 
liver biopsy specimens, many of which are nonspecific.” In the 
earliest stages the features are nonspecific and include steatosis, 
focal necrosis, glycogenated nuclei in hepatocytes, and occasional 
apoptotic bodies. Mallory-Denk bodies may be found. As the 
parenchymal damage progresses, possibly by repeated episodes of 
lobular necrosis, periportal fibrosis develops. The cirrhosis is 
usually macronodular but may be micronodular. With treatment 
the cirrhosis may regress. 

Early in the disease, hepatocellular copper is bound mainly to 
metallothionein and distributed diffusely in the cytoplasm of 
hepatocytes. Histochemical stains for copper are negative. With 
disease progression, the amount of hepatocellular copper exceeds 
the storage capacity of available metallothionein and hepatocel- 
lular copper is deposited in lysosomes. Staining techniques for 
copper or copper-binding protein (e.g., rubeanic acid, orcein) 
detect these lysosomal aggregates of copper. Copper is usually 
distributed throughout the lobule or nodule, but in a cirrhotic 
liver some nodules may have no stainable copper. 

If the clinical features resemble autoimmune hepatitis, findings 
on liver biopsy may also suggest an autoimmune process. Inflam- 
mation is sometimes severe, with classic piecemeal necrosis. Fea- 
tures not typical of autoimmune hepatitis may be seen, such as 
Mallory-Denk bodies and hepatocellular copper aggregates. When 
Wilson disease is manifested as fulminant hepatic failure, histo- 
logic findings confirm the preexisting liver disease. Cirrhosis is 
found, but parenchymal copper is deposited mainly in Kupffer 
cells rather than in hepatocytes. 

Changes in hepatocellular mitochondria, identified by electron 
microscopy, are an important feature in Wilson disease.” The 
mitochondria differ in size; dense bodies in mitochondria may be 
increased in number. The most striking change is dilation of the 
tips of the mitochondrial cristae as a result of separation of the 
inner and outer membranes of the cristae. The intercristal space 
is widened such that it looks bulbous or, if more extreme, has an 
irregular cystic shape. This finding, though not absolutely specific, 
can be helpful diagnostically, even in quite young and minimally 
affected patients. Not all hepatocytes in a given lobule are affected, 
and some lobules may be more severely affected than others. The 
mitochondrial changes are a consequence of oxidative damage 
from excessive hepatocellular copper.” 


Diagnosis by Mutation Analysis 


Characteristic clinical features, accompanied by typical biochemi- 
cal parameters, can provide a diagnosis of Wilson disease in some 
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cases. However, gene mutation analysis has highlighted that many 
of these traditional parameters can often be misleading because 
of overlap with other liver diseases or borderline biochemical 
results. Diagnosis by DNA mutation analysis plays an impor- 
tant role in providing a reliable diagnosis. DNA diagnosis is 
possible from liver biopsy samples or blood. Mutation analysis 
is valuable in any case in which the biochemical and clinical 
features are atypical, in early stages of the disease when bio- 
chemistry may be borderline, and in patients undergoing liver 
transplantation (LT) because of fulminant hepatic failure. In the 
latter case, DNA analysis will not alter treatment but is essential 
for appropriate follow-up of siblings. Even when the original 
patient has died, accurate diagnosis is important for other family 
members. 

More than 500 mutations in the A7P7B gene have been 
reported from a variety of populations worldwide and are 
listed in various databases: the Wilson disease database main- 
tained at the University of Alberta (available at http://www 
.wilsondisease.med.ualberta.ca), along with all relevant refer- 
ences,’ and others. Although A7P7B is a large gene with 21 
exons and a coding region of 4.1 kb, modern technologies make 
DNA diagnosis feasible. High-throughput analytic methods 
include direct sequencing, denaturing high-performance liquid 
chromatography,” and automated single-strand conformation 
polymorphism analysis. Targeted next-generation sequencing 
may prove most effective.” In some cases combined DNA and 
RNA analysis is required.” New methods involving microarray 
techniques may expedite genetic diagnosis in some populations.” 
Certain mutations in a limited number of exons are often char- 
acteristic of specific populations, and thus feasible methods for 
mutation analysis can be devised to improve cost-effectiveness. 
Most patients are compound heterozygotes; namely, they carry 
two different mutations of A7P7B. Finding one disease-causing 
mutation may be sufficient to confirm the diagnosis when the 
patient has classic clinical signs and at least one biochemical 
assay indicates increased copper storage. Identification of only one 
such mutation is not adequate when copper assays are borderline 
and the clinical features are ambiguous (e.g., psychiatric features, 
slight abnormalities in liver function). Mutation identification 
will very likely become the diagnostic aid of choice when clini- 
cal and biochemical features arouse suspicion of Wilson disease. 
Nevertheless, genetic data are not always simple to interpret.*'*” 

Specific mutations are typical of certain ethnic origins of 
patients. Different populations may have a typical spectrum of 
mutations. The most common mutation, H1069Q, is present 
as at least one of the two mutations in 35% to 75% of affected 
patients of European origin, particularly those from eastern 
Europe.**** This mutation is not found in Chinese and related 
populations, in whom R778L is common.*”*° Patients from most 
populations have a large number of mutations, with none in a 
particularly high frequency. One of the exceptions is the island 
of Sardinia, where most patients have a 15-bp deletion in the 
promoter region.*” Promoter mutations have also been identified 
in some Chinese patients.** In some populations, feasible muta- 
tion identification schemes can be developed for rapid mutation 
assessment in 90% of patients, as in Sardinia® and eastern regions 
of Germany.” Examples of other populations with a characteristic 
limited spectrum of mutations include those in Iceland, Korea, 
Japan, and the Canary Islands.” The spectrum of mutations in 
Brazil is similar to that in the Canary Islands.” 

Mutations have been identified throughout the gene and in the 
promoter region. Most mutations identified to date in ATP7B, 


as recorded in the University of Alberta mutation database, are 
missense mutations (57%), small deletions and insertions (28%), 
nonsense mutations (7%), and splice site mutations (8%). The 
mutation spectrum for ATPZA, which is abnormal in Menkes 
disease, differs from that for ATP7B.” Large gene deletions, 
found in approximately 20% of patients with Menkes disease, 
are apparently rare. Missense mutations tend to lie predominantly 
within functional domains but their functional effects are diff- 
cult to predict. In contrast, deletions, duplications, and nonsense 
mutations can be predicted to severely affect production of the 
Wilson ATPase. 

Given the large number of missense mutations, an important 
challenge is to ensure that mutations identified within ATP7B 
are actually responsible for the defective function causing Wilson 
disease. When only one mutation is used to support the diagno- 
sis, that one mutation must be definitely established as disease 
causing. Prediction of disruption of the molecule, conservation 
of the specific residue between species, and absence in at least 50 
controls are among the features examined in attempts to identify 
which mutations are causing disease. Changes in size, shape, and 
hydrophobicity are compared. Examination of mutation location 
by use of a model of the Wilson ATPase structure can assist in 
assessing which mutations lie in critical regions of the protein.” 
Examination of sequence homology can also be used to predict 
whether a change in an amino acid will affect overall protein func- 
tion.” Functional assays are useful, although they are performed 
fora limited number of mutations. The components of the copper 
transport system in yeasts and humans are similar. Therefore 
a yeast assay may be useful to determine whether the mutant 
Wilson ATPase is capable of transporting copper, a requirement 
for its normal function.” Cell culture assays in Chinese hamster 
ovary or hepatoma cell lines can indicate whether ATP7B is dis- 
tributed normally” and can traffic within the cell from the 
trans-Golgi network to cytoplasmic vesicles in response to elevated 
copper concentrations.” With certain mutations, such traffick- 
ing, required for biliary excretion of copper, does not occur. In 
silico analysis, for example with the Polyphen or Pmut program, 
may also be informative for establishing whether an alteration in 
ATP7B is actually disease causing. 


Specific Mutations and Clinical Features 


Because most patients have two different mutations of the ATP7B 
gene, correlation of clinical features with specific mutations is 
difficult. Data from a number of laboratories indicate that there 
is not a high correlation between specifics of clinical disease 
(phenotype) and a specific mutation (genotype). However, in 
general, the more severe mutations that interfere with production 
of intact Wilson ATPase result in an earlier age at onset and tend 
to be associated with a hepatic manifestation of disease.**'?!'” 
For the most common H1069Q mutation, the age at onset in 
homozygous patients ranges from approximately 10 years to 
50 years (mean age 20 years), and neurologic onset is some- 
what more frequent.’ In addition to functional defects in the 
Wilson ATPase because of specific mutations in the patient, 
disease severity and clinical features are probably influenced by 
numerous other modifying factors that could be genetic or envi- 
ronmental. Monozygotic twins with different clinical forms of 
Wilson disease have been reported.'°*' Apolipoprotein E poly- 
morphisms may affect the severity of Wilson disease.'*” However, 
thus far modifier genes for ATP7B expression have not been 
definitely identified. 


Diagnosis of Presymptomatic 
First-Degree Relatives 


Attention has focused mainly on presymptomatic sibs. Because 
Wilson disease is a recessive condition, brothers and sisters of 
a patient have a 25% chance of also being affected and a 50% 
risk of being heterozygotes. However, all first-degree relatives 
should be screened for Wilson disease because the carrier rate 
may be higher than supposed.'””'” Reliable diagnosis is essential 
for presymptomatic individuals before they embark on lifetime 
treatment. However, initiation of treatment before tissue damage 
occurs offers the best outlook for a normal span and quality 
of life. Because of the variability of biochemical tests, diagnosis 
in the presymptomatic stage can be difficult. Genetic diagnosis 
performed expertly offers the only secure diagnosis. If both 
ATP7B mutations have been identified in the patient, sibling 
diagnosis can be performed directly by mutation analysis. In 
cases in which the diagnosis of Wilson disease is secure in the 
proband by clinical and biochemical criteria but DNA analysis 
has not been undertaken or when only one mutation has been 
identified, DNA marker analysis can be used without knowledge 
of the specific mutations present in the initial patient. Preferred 
markers are variable regions in the DNA within the gene or in 
regions closely flanking the gene. The specific markers allow track- 
ing of the disease gene, along with its accompanying markers, 
from each parental chromosome (Fig. 59-6). When this approach 
is used, the flanking markers must be appropriate and informa- 
tive on both sides of the gene to avoid possible error because of 
a recombination event. Many single nucleotide polymorphisms 
have been identified throughout the genome, and these can also 
be used for marker analysis. The importance of DNA analysis 


D13S314 
D13S301 
ATP7B 

D13S316 
D13S137 


D13S314 8 11 7 10 7 1 8 11 
D13S301 15 6 7 4 7 6 15 6 
ATP7B WwW Ww N N N Ww WwW W 
D13S316 9 6 7 8 7 6 9 6 
D13S137 3 7 2 4 2 7 3 7 
Affected Normal Heterozygote Affected 

(Proband) 


e Fig. 59-6 Polymorphic DNA microsatellite markers, which can be 
used to reliably diagnose the status of siblings of a confirmed patient. 
One or preferably two informative markers should flank the gene on each 
side. DNA markers are listed in centromeric to telomeric order. Numbers 
represent the alleles of each marker listed. The proband (arrow) and pre- 
symptomatic siblings, confirmed as affected, are shown as a filled circle 
or square. Markers indicate the genotype of each sibling. The specific 
chromosome segment can be followed through the family. Mutation iden- 
tification is not necessary when the proband has a firm diagnosis of Wilson 
disease. 
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for sibling diagnosis has been demonstrated by the detection of 
occasional heterozygotes with borderline normal results for copper 
parameters such as ceruloplasmin, urinary copper, and even liver 
copper levels. 

When first-degree relative diagnosis by haplotype is performed 
without mutation analysis, the initial patient must have an 
unequivocal diagnosis of Wilson disease. This analysis assumes 
that there is no other similar disease of copper storage. This 
assumption may no longer hold, but the mechanistically similar 
disorders recently described differ substantially from Wilson 
disease in their clinical features. In the absence of marker analysis 
or until the results of marker analysis are available, screening 
should include physical examination, liver function tests, serum 
copper and ceruloplasmin measurement, 24-hour urinary copper 
measurement, and a careful slit-lamp examination of the eyes. 
Children aged 6 years or younger who appear to be unaffected 
should be rechecked yearly in the next 5 to 10 years. Genetic 
screening with the use of flanking markers or by direct mutation 
analysis remains the most reliable way of identifying affected 
siblings when the patients DNA is available. For deceased patients, 
tissue from autopsy or biopsy can be used. 

Thus far, clinical Wilson disease has not developed in any known 
heterozygotes, and liver tissue from a heterozygote is approved 
for living donor LT. Confirmation of the genotype is highly rec- 
ommended before treatment is initiated because a heterozygote 
should not unnecessarily be consigned to lifelong treatment with 
the inherent risk of adverse side effects. Then again, some muta- 
tions may be functionally more severe than others. Reassessment 
of heterozygotes for hepatic copper accumulation at approximately 
50 years of age may have merit. Surveillance should include liver 
function tests, serum copper and ceruloplasmin measurements, 
measurement of basal 24-hour urinary copper excretion, and a liver 
sonogram. If total body copper overload is detected, treatment with 
zinc might be considered, although no clinical studies are currently 
available to determine whether treatment is ever warranted. Het- 
erozygotes should be counseled to maintain good liver health by 
avoiding abdominal obesity and excessive use of alcohol. 


Diagnosis by Population Screening 


Mass screening of infants or very young children is an emerging 
diagnostic intervention related to Wilson disease. Various methods 
have been proposed and investigated.” The rationale for such 
testing is that early diagnosis with institution of treatment affords 
the best prognosis for patients with Wilson disease. Various tech- 
nical issues require further refinement.''* Mass screening may not 
identify all affected individuals. It potentially avoids the difficul- 
ties associated with confirming the diagnosis of Wilson disease in 
patients who have atypical clinical findings. Current experience 
suggests that molecular mass screening is not cost-effective for 
general populations because of the high allelic heterogeneity exist- 
ing in Wilson disease; however, it is feasible and of benefit in 
isolated populations with a high degree of consanguinity.''’ 
Importantly, what still remains uncertain is the optimal age for 
initiation of treatment and the best treatment to use in patients 
identified by mass screening very early in life. 


Genetic Differential Diagnosis 


A few genetic disorders even rarer than Wilson disease may be 
regarded as candidate mimics of Wilson disease. Patients with 
an uncharacterized congenital glycosylation disorder who have 
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isolated liver disease (hepatic steatosis with abnormal serum levels 
of aminotransferases) have been described.''* They have subnor- 
mal serum ceruloplasmin levels but entirely normal basal 24-hour 
urinary copper excretion. Diagnosis is made by examination of 
glycosylation of transferrin. An autosomal recessive manganese 
retention disorder associated with mutations in SLC30A10 can 
present with parkinsonian dystonia, cirrhosis, and hypermanga- 
nesemia.''”''® The treatment is iron supplementation. MEDNIK 
syndrome (mental retardation, enteropathy, deafness, neuropathy, 
ichthyosis, keratodermia) has clinical features suggestive of both 
Wilson disease and Menkes disease. The serum ceruloplasmin 
level is very low, and basal 24-hour urinary copper excretion is 
elevated; hepatic parenchymal copper concentration may be 
increased, with evidence of chronic liver damage. The neurologic 
findings are strikingly dissimilar to those of Wilson disease. Inher- 
itance of MEDNIK syndome is autosomal recessive, with muta- 
tions in AP1S1, whose gene product is involved in intracellular 
trafficking of copper and affects the action of the Wilson ATPase 
and the Menkes ATPase. Treatment with zinc, as for Wilson 
disease, may be beneficial. 

An important issue is whether mutations in COMMD1 could 
cause copper storage in humans. No mutations of COMMD1 
were identified in a series of patients with early-onset childhood 
cirrhosis or in 24 patients with some features of copper storage. "7 
These findings were confirmed in a larger study from Italy.''® In 
another study, a polymorphic codon alteration that resulted in no 
change in amino acids appeared to influence the age at onset." 
There is still no rigorous evidence that mutations in COMMD1 
cause a human hereditary copper toxicosis. The genetic basis of a 
hepatic copper toxicosis, described from southern India, which 
resembles both Indian childhood cirrhosis and Wilson disease has 
not been determined.'”” 


Treatment 


Medical treatment of Wilson disease involves either chelation or 
induction of metallothioneins (Table 59-1). Treatment options 


TABLE a : 
Pee Treatment of Wilson Disease 


appear limited*”'”'; however, effective pharmacologic therapy can 
be found for most patients. From extensive clinical experience 
with long-term chelator treatment, it is evident that most patients 
live normal, healthy lives with effective treatment. There are 
two generally accepted orally administered chelating agents: 
D-penicillamine and trientine. The potent chelator tetrathiomo- 
lybdate is relatively new and remains an experimental treatment 
modality. Zinc interferes with copper uptake from the intestinal 
contents and stabilizes hepatic copper by inducing metallothio- 
neins. Early institution of treatment is critical to the overall 
success of treatment. The outcome is best for patients who begin 
treatment when their disease is diagnosed before the onset of 
symptoms (presymptomatic). The role of adjunctive treatments 
such as antioxidants has not been formally established, and the 
potential utility of gene transfer therapy is currently undeter- 
mined. New treatments based on improving the intracellular 
function of misfolded mutant versions of the Wilson ATPase are 
being developed. ">> 


Chelation 


Penicillamine, introduced in 1956 by Walshe, has been the 
first-line treatment for Wilson disease for decades and is effec- 
tive in most patients. Penicillamine is the sulfhydryl-containing 
amino acid cysteine with two methyl group substituents (8,B- 
dimethylcysteine). D-Penicillamine is in clinical use. It can be 
administered orally and is rapidly absorbed, with bioavailability 
on the order of 50%. D-Penicillamine greatly increases urinary 
excretion of copper. Studies in the Long-Evans cinnamon rat 
model of Wilson disease indicate that penicillamine inhibits the 
accumulation of copper in hepatocellular lysosomes and, once 
accumulated, solubilizes copper for mobilization from these par- 
ticles but not from cytoplasmic metallothionein. ™* The action 
of D-penicillamine involves reductive chelation in which copper 
bound to proteins as Cu™* is reduced to Cu’, thus diminishing 
the affinity of the protein for copper and permitting chelation 
to D-penicillamine.'” Copper is incompletely removed from 


D-Penicillamine* 


into two or three equal oral doses 


Maintenance: 0.75-1 g/day (in two doses) orally to 
maintain cupruresis 


Initial: 1-1.5 g/day (adult) or 20 mg/kg/day (child), divided 


24-hr urinary copper excretion: 
200-500 ug (3-8 umol)/day 
as a target 


Complete blood count, urinalysis, 
skin examination 


Trientine Initial: 1-1.5 g/day (adult) or approximately 20 mg/kg/day 24-hr urinary copper excretion: Complete blood count, urinalysis, 
(child), divided into two or three equal doses orally 200-500 ug (3-8 umol)/day serum iron and iron-binding 
as a target capacity 
Maintenance: same 
Zinc Initial: 50 mg elemental zinc (adult) or 25 mg elemental 24-hr urinary copper excretion: Serum creatinine, urinalysis, serum 


zinc (child 5-12 years old), three times per day orally, 


21 h away from meals if possible 
Maintenance: titrate the dose as required to achieve 
indicators of efficacy 


*Plus pyridoxine, 25-50 mg daily by mouth. 


<75 wg (1.2 umol)/day as a 
target’ 


zinc (also to monitor adherence), 
serum AST and ALT 


tUrinary copper excretion in 24 hours generally reflects the total body copper load and can be used to monitor zinc treatment, even though zinc does not cause cupruresis; alternatively, an estimated 


serum non—ceruloplasmin-bound copper level of less than 150 ug/L can be used. 
ALT, Alanine aminotransferase; AST, aspartate aminotransferase. 


the liver by D-penicillamine. In addition to its chelating action, 
D-penicillamine inhibits collagen cross-linking and acts as an 
immunosuppressant. 

A host of adverse side effects can occur at any time during 
long-term treatment. Some side effects are minor (loss of taste, 
gastrointestinal upset, and arthralgias), whereas others are severe 
(proteinuria, leukopenia, and thrombocytopenia). Aplastic 
anemia occurs rarely and does not always reverse when use of 
D-penicillamine is stopped. Nephrotic syndrome, Goodpasture 
syndrome, myasthenia syndrome, and a systemic disease resem- 
bling lupus erythematosus have all been reported. All these 
severe side effects require immediate total discontinuation of 
D-penicillamine and use of a different chelator. An adverse effect 
of D-penicillamine sufficiently severe that a change in treatment is 
required develops in up to 30% of patients with Wilson disease.'”° 
Hepatotoxicity of D-penicillamine itself has occasionally been 
suspected. Adverse reactions involving the skin include an assort- 
ment of rashes but, more importantly, pemphigus and elastosis 
perforans serpiginosa. D-Penicillamine is intrinsically less toxic 
than L-penicillamine, which is why the racemic mixture is not 
used. Some chronic adverse events such as optic neuritis may 
be due to pyridoxine insufficiency, and accordingly, pyridoxine 
supplementation (25 mg to 50 mg by mouth daily) is routine 
with D-penicillamine use. 

The overall safety of lifelong treatment with D-penicillamine 
is unknown. Quality of life in patients with Wilson disease may 
be compromised by drug toxicity. Patients who have taken 
D-penicillamine may have chronic skin changes with loss of elastic 
tissue or other significant skin lesions.” Whether the antifibrotic 
effect weakens vascular connective tissues is not known. Anecdotal 
observations suggest that damage to collagen may accrue over 
decades in patients maintained indefinitely with D-penicillamine 
but this risk has not been adequately assessed. Chronic depletion 
of copper can occur, as shown by complete absence of enzymati- 
cally active ceruloplasmin” or very low 24-hour urinary copper 
excretion but it seems to be a rare consequence of long-term 
treatment at appropriate maintenance doses. Patients taking 
D-penicillamine long term should be maintained on the lowest 
effective dose, preferably taken before meals. 

Trientine, or triethylene tetramine dihydrochloride (2,2,2- 
tetramine), introduced by Walshe in the early 1980s, is the usual 
second-line treatment for patients who are D-penicillamine intol- 
erant. A major logistic problem with its clinical use is that it 
remains an orphan drug, neither universally available nor abso- 
lutely sure to remain in pharmaceutical production. Trientine 
differs chemically from D-penicillamine; as a polyamine chelator, 
it has a different structure and lacks sulfhydryl groups. Copper is 
chelated by the formation of a stable complex with the four con- 
stituent nitrogens in a planar ring. Trientine increases urinary 
copper excretion and may interfere with intestinal absorption of 
copper. **'”’ Trientine is a less potent chelator than D-penicillamine 
but this difference is not clinically important. 

Trientine is relatively nontoxic, apart from causing occasional 
gastritis and inducing iron deficiency, apparently by chelating 
dietary iron. Bone marrow suppression may occur but is rare. 
Sideroblastic anemia has rarely been reported. Neurologic worsen- 
ing after initiation of treatment with trientine may occur. Most 
importantly, the adverse effects of D-penicillamine resolve and do 
not recur when patients who are D-penicillamine intolerant are 
switched to treatment with trientine. Trientine appears to be an 
attractive first-line treatment but sufficient clinical data are lacking 
to permit its recommendation as a routine treatment. It is well 
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tolerated in adults'”’ and children."*' Its use in pregnancy is based 
on favorable, but extremely limited, experience. Apart from use 
in patients with Wilson disease, trientine is being investigated for 
treatment of cardiovascular and renal disease in diabetics because 
of its antioxidant effects. Recently, issues of availability and 
extreme cost have compromised its clinical effectiveness. 

Ammonium tetrathiomolybdate may be especially suitable 
for the treatment of severe neurologic Wilson disease because, 
unlike D-penicillamine, it is not associated with early neurologic 
deterioration.'*”'*? Tetrathiomolybdate interferes with copper 
absorption from the intestine and binds to plasma copper with 
high affinity. Studies in Long-Evans cinnamon rats indicate that 
unlike D-penicillamine, tetrathiomolybdate removes copper from 
metallothionein at low doses; at higher doses, an insoluble copper 
complex is deposited in the liver.'** Even though tetrathiomo- 
lybdate is regarded as nontoxic, bone marrow suppression is an 
important and potentially serious adverse side effect, although 
it may be due to copper deficiency.’ Serum aminotransferase 
elevations may occur with treatment. Little is known about where 
the mobilized copper, as well as molybdate, might be depos- 
ited. Cerebral deposition of molybdate is associated with an 
organic brain syndrome. The dose and length of treatment, in 
addition to long-term side effects, must still be determined, but 
short-term use for acute neurologic involvement may be the role 
for this drug. Systemic copper deficiency might be associated 
with prolonged use of this potent copper-binding drug. Tetra- 
thiomolybdate also has antiangiogenic action.'*° Its use remains 
investigational. 


Induction of Metallothioneins and 
Interference With Copper Absorption 


Zinc has been used in Europe since the late 1960s and in North 
America in the past 25 years. Its mechanism of action differs from 
that of chelators. In pharmacologic doses, zinc interferes with 
absorption of copper from the gastrointestinal tract and increases 
copper excretion in stool. Induction of metallothionein in entero- 
cytes is the principal mechanism of action. This metallothionein 
has greater affinity for copper than for zinc and preferentially 
binds copper from the intestinal contents. Once bound, the 
copper is not absorbed but is lost in feces as enterocytes are shed 
in normal turnover. Because some non—ceruloplasmin-bound 
copper is secreted into the intestinal contents through gastric and 
pancreatic secretions, long-term treatment can lead to an overall 
decrease in total body copper stores. Although copper induces 
hepatic metallothionein, it is possible that zinc also has this effect 
because the hepatic parenchymal copper concentration does not 
decrease during long-term treatment with zinc. Zinc may also 
reverse the deleterious effect of hepatocellular copper surfeit on 
nuclear receptor function.” 

Zinc treatment appears to be effective, with few adverse side 
effects.'**'*? Studies in children support these observations.'“° In 
a randomized controlled trial comparing D-penicillamine and zinc 
sulfate, both worked equally well to stabilize the clinical disease, 
but adverse side effects were more numerous with D-penicillamine. 
Gastritis is the most common side effect with use of zinc. Use of 
salts other than sulfate may minimize the gastritis but any zinc 
salt is equally acceptable for the treatment of Wilson disease. Food 
interferes with effectiveness, and some authors recommend taking 
no food for 1 hour before or after the zinc dose. This tends to 
increase the severity of gastritis and may be sufficiently inconve- 
nient to compromise adherence, such as in adolescents. An 
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alternative approach is to be less strict about taking zinc away 
from mealtimes and to titrate the dose against the estimated serum 
non-—ceruloplasmin-bound copper concentration. 

Rare patients experience deterioration in hepatic Wilson 
disease when zinc therapy is started. Zinc may have immunosup- 
pressant effects and may reduce leukocyte chemotaxis. Studies in 
rats suggest possible interference with bone formation. Zinc excess 
is associated with increased serum cholesterol levels, but in the 
doses used for Wilson disease the adverse effects on blood lipids 
appear to be very modest. Zinc interferes with the absorption of 
quinolone antibiotics. The long-term effectiveness and adverse 
side effects of zinc have been reassessed. Although the data avail- 
able indicate that long-term zinc therapy is effective and compara- 
tively nontoxic,” outcomes may differ. Comparison of 
long-term outcomes with zinc monotherapy in patients with 
Wilson disease have indicated that hepatic Wilson disease may 
not be as well treated with zinc as neurologic Wilson disease. “1? 
Numerous studies have shown that hepatic copper content does 
not decline with long-term zinc treatment. Problems with adher- 
ence seem to be the main contributor to clinical deterioration. In 
one study, comparison of cerebral magnetic resonance imaging 
showed progressive structural deterioration with zinc monother- 
apy as compared with D-penicillamine treatment, although no 
functional deterioration was found in the zinc-treated patients.’ 
Patients with Wilson disease treated long term with zinc mono- 
therapy require regular detailed follow-up for changes in serum 
aminotransferase levels and neurologic status. 

The combination of zinc with a conventional chelator 
(D-penicillamine or trientine) has become a popular treatment 
strategy for severe Wilson disease despite a lack of laboratory 
studies to provide a rationale or systematic clinical evidence as 
validation. If zinc and a chelator are used together, the two types 
of treatment must be temporally dispersed throughout the day, 
with at least 4 to 5 hours between administration of either drug, 
or else they may neutralize each other. In general, the routine 
is to alternate the drugs throughout the day at 6-hour intervals 
such that zinc, 50 mg elemental, is given as the first and third 
doses and D-penicillamine or trientine (250 mg or 500 mg) is 
given as the second and fourth doses. The regimen thus involves 
the patient taking some medication four times a day. This inten- 
sive treatment may thus be best suited to patients with very 
severe hepatic or neurologic disease, in whom it has mainly been 
used. “4146 Tt is fundamentally an induction regimen, suitable for 
a treatment duration of approximately 3 months to 6 months; 
patients who respond and stabilize clinically can then be switched 
to a simpler standard regimen, either full-dose zinc or full-dose 
chelator monotherapy. The limited clinical data available suggest 
that of the two chelators in clinical use, trientine is preferable 
for this therapeutic strategy, but further data are required before 
the strategy can be recommended confidently. Prompt diagnosis 
and early institution of pharmacologic treatment in patients with 
severe hepatic decompensation but without encephalopathy is 
critical.’ 

Conversion to zinc monotherapy in patients initially treated 
with a chelator is an important, relatively new aspect of the 
clinical management of Wilson disease. A patient eligible for this 
change in treatment should be clinically well, with normal serum 
aminotransferase levels and good hepatic synthetic function. In 
general, the change to zinc from a chelator is not made until the 
patient has been satisfactorily treated with a chelator for 1 year 
to 5 years; laboratory test results reflecting copper status should 
be normal or stable. Limited clinical data on such treatment 


conversion are currently available. Patients should be aware that 
zinc therapy may be less convenient than the twice-daily dosing 
schedule for a chelator. Adherence to drug treatment remains 
the key issue. No patient should be permitted to discontinue all 
treatment indefinitely (unless, of course, the patient has received 


an LT). 


Antioxidants 


c-Tocopherol may be an important adjunctive treatment for 
Wilson disease, either to prevent or to reverse progressive liver 
damage, but its value remains theoretical. The clinical importance 
of low serum levels of vitamin E in patients with Wilson disease 
is unclear.” Anecdotal evidence supports use of o-tocopherol in 
patients with severe hepatic decompensation; however, rigorous 
clinical data related to this strategy are not available. Conventional 
pharmacologic doses (400 IU by mouth daily) might be consid- 
ered as an adjunct to definitive treatment. Likewise, the role of 
N-acetylcysteine as adjunctive treatment for severe hepatic Wilson 
disease has not yet been investigated systematically. Selenium 
stores appear to be sufficient in Wilson disease, and supplementa- 
tion is not required. 


Dietary Management 


Elimination of copper-rich foods from the diet, especially during 
the first year of treatment in symptomatic patients, may be 
prudent if not mandatory. Complicated dietary management can 
be designed but is probably not required in most patients. The 
main foods to be avoided are organ meats, shellfish, nuts, choco- 
late, and mushrooms. Vegetarians require specific dietary counsel- 
ing. Because dietary restrictions tend to run counter to achievement 
of the goal of normalizing lifestyle as much as possible, patients 
who are clinically stable and adhere to drug treatment may include 
moderate amounts of copper-rich foods in their diet. If there is 
reason to believe that the drinking water is high in copper, the 
water should be analyzed and a copper-removing device possibly 
installed in the plumbing system. Dietary management alone is 
not sufficient to establish control of the disease. Attention to 
adequacy of the nutritional components supporting good bone 
health (as well as pertinent lifestyle habits) should be part of the 
management plan for patients with Wilson disease because bone 
demineralization may occur.'“* 


Liver Transplantation 


The role of LT for Wilson disease is limited but it can be lifesav- 
ing. Fulminant hepatic failure in patients with Wilson disease 
necessitates LT for recovery. Some patients with severe liver 
disease that is unresponsive to drug therapy may also proceed to 
early transplant. The potential for rescue by combination therapy 
with temporally dispersed trientine plus zinc, used along with 
vitamin E and other antioxidants, has not been well explored. 
It has not been established that LT improves severe neurologic 
disease. Favorable’? and unfavorable'’*'” results have been 
reported, but experience is limited and subject to subtle bias. On 
balance, this intervention cannot be recommended, especially 
because its rationale is not apparent. Therefore LT should be 
reserved for patients with severe, decompensated liver disease 
unresponsive to therapy or for those with fulminant hepatic 
failure. Living related transplants, in which the graft may be 
from a heterozygote, have been found to function adequately, 


albeit with minor defects in copper disposition, as encountered in 
heterozygotes. 

Survival rates after LT for Wilson disease are highly favorable, 
on the order of 70% to 88% or greater in various studies!?'’* 
including recent smaller studies!’ and also in those with exclu- 
sively living related donors. >" The renal failure that often 
accompanies Wilsonian fulminant hepatic failure generally 
resolves in the posttransplant period. Kayser-Fleischer rings resorb 
after LT. Pediatric patients with Wilson disease may be more 
prone than other children undergoing LT to neurologic complica- 
tions after LT.'” Patients with neuropsychiatric features of Wilson 
disease may have poorer outcomes after LT, in part because of 
difficulties adhering to the medical regimen.'”* 


Gene Therapy 


Liver cell transplant has shown promising results in various animal 
dels. Th icality of fer th i 
models. e practicality of gene transfer therapy requires 
further investigation, although good outcomes have been reported 
in experimental models.'°''® After further refinement, liver cell 
transplantation and gene transfer therapy could be effective cura- 
tive strategies in the future.'“ Induced pluripotent stem cells may 

be another innovative treatment modality. 


Special Situations 


Pregnancy 


Treatment must be continued throughout pregnancy. There is 
a risk of postpartum hepatic decompensation if treatment is 
stopped altogether. There have been many successful pregnancies 
during D-penicillamine treatment!®”'°’; however, D-penicillamine 
is regarded as fetotoxic and is use is currently avoided if pos- 
sible. The severe collagen defects reported occasionally in the off- 
spring could in part be due to copper deficiency from prolonged 
aggressive treatment, as well as from the teratogenic effects of 
D-penicillamine.'® Zinc treatment may have less risk of adverse 
effects on developing collagen in the fetus.’ Trientine has also 
been used as treatment during pregnancy.'”'”' Judicious reduc- 
tion of the dose of D-penicillamine or trientine, by approximately 
25% of the prepregnancy dose, is advisable in the third trimester, 
especially if cesarean delivery is anticipated.*”'’* Meticulous atten- 
tion to diet, iron sufficiency, and folic acid supplementation is 
important in pregnant women with Wilson disease. 

Women with undiagnosed and thus untreated Wilson disease 
may have difficulty conceiving and maintaining pregnancy if they 
do conceive. Wilson disease should be part of the differ- 
ential diagnosis of recurrent spontaneous abortion. The Wilson 
and Menkes ATPases both play important but complicated 
roles in copper homeostasis in the maternal-fetal unit.'”* Parous 
women with Wilson disease require counseling regarding con- 
traception. They should not use copper-containing intrauterine 
devices. 

No firm consensus exists on whether a mother who has Wilson 
disease should breast-feed her infant. The disease itself does not 
appear to impose a contraindication. D-Penicillamine can enter 
breast milk and is potentially toxic to the infant. Therefore taking 
D-penicillamine, even in relatively low doses, is regarded as a 
contraindication to breast-feeding. The safety of trientine is not 
known, and it is not clear whether trientine is secreted into breast 
milk. Zinc is secreted into breast milk, and although its safety is 
uncertain, breast-feeding seems to be acceptable. The currently 
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available data are too limited to make any firm recommendations. 
Caution should be exercised. 


Wilsonian Fulminant Hepatic Failure 


With at least 80 cases reported and additional cases in liver trans- 
plant databases, this form of Wilson disease is more common than 
was initially supposed.'”'”° It accounts for approximately one 
third of all patients with Wilson disease undergoing LT. Although 
chronic liver disease (usually cirrhosis) is present, the diagnosis is 
not initially suspected. Wilsonian fulminant hepatic failure occurs 
predominantly in females. Most patients are in the 10-year-old to 
30-year-old age bracket but a few very young children have been 
reported. Wilsonian fulminant hepatic has clinical and biochemi- 
cal features that, when considered together, distinguish it from 
acute liver failure associated with acute viral infection or drug 
hepatotoxicity. Coombs-negative acute intravascular hemolysis 
occurs. Renal failure is often present and progresses rapidly. If the 
patient has not been suspected of having underlying liver disease, 
viral hepatitis causing acute liver failure is usually the working 
diagnosis. Unlike acute viral hepatitis, Wilsonian fulminant 
hepatic failure is usually characterized by serum aminotransferase 
levels that are disproportionately low (usually <2000 U/L) for the 
severity of the liver failure from the onset of clinically apparent 
disease. Serum alkaline phosphatase levels are strikingly reduced— 
in the normal range or even low for the age'”’; the mechanism 
of this distinctive finding remains obscure. Serum bilirubin levels 
may be very high because of hemolysis. Urinary copper excre- 
tion is greatly elevated, as is the estimated non—ceruloplasmin- 
bound copper concentration; however, these results may not 
be available soon enough to be diagnostically useful. Slit-lamp 
examination, if it can be performed, may reveal Kayser-Fleischer 
rings. 

Composite biochemical indices for the diagnosis or prognos- 
tication of Wilsonian fulminant hepatic failure have been formu- 
lated. In some patients the level of aspartate aminotransferase 
(AST) is higher than that of alanine aminotransferase (ALT), thus 
suggesting a primary mitochondrial lesion, but this is not a reli- 
able feature of the disorder. A simple biochemical index appears 
informative. It consists of the ratio of alkaline phosphatase con- 
centration to total bilirubin concentration of less than 4 and an 
AST to ALT concentration ratio (AST/ALT) of less than 2.2; this 
combination, calculated in American units, appears to be more 
helpful for the diagnosis of Wilsonian fulminant hepatic failure 
in adults than is serum ceruloplasmin concentration.'” In chil- 
dren with Wilsonian fulminant hepatic failure, the alkaline phos- 
phatase to total bilirubin concentration ratio, in international 
units per micromole, was less than 1, and it distinguished patients 
with Wilson disease from those with acute liver failure of other 
cause.” The Nazer index, based on serum AST concentration, 
total serum bilirubin concentration, and prolongation of the pro- 
thrombin time, identifies most cases of Wilsonian fulminant 
hepatic failure but fails to prognosticate cases of decompensated 
chronic hepatic Wilson disease.’ A recent substitute for this 
index, consisting of total serum bilirubin concentration, white 
blood count, international normalized ratio (INR), serum albumin 
concentration, and serum AST concentration, showed excellent 
predictive value, with the threshold for bad prognosis being a 
score of 11.” Indices may be helpful in some, but not all, difficult 
cases.“ 

Very rarely, patients with Wilson disease have acute liver 
failure because of intercurrent viral hepatitis. The clinical and 
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biochemical features may then be those typical of viral hepatitis. 
Concurrent chronic hepatitis C in a patient with Wilson disease 
has also been reported. 

Liver biopsy findings in Wilsonian fulminant hepatic failure 
usually reveal cirrhosis with intracellular copper detectable in both 
hepatocytes and Kupffer cells.'*' Extensive hepatocellular apopto- 
sis may account for this disease pattern.'** 

Patients with typical Wilsonian fulminant hepatic failure 
require LT urgently. Referral to a transplant center should 
not be delayed. They do not respond to chelation treatment, 
although this may be instituted. Plasmapheresis and exchange 
transfusion, ® hemofiltration, '™ or hemodialysis can be used 
to minimize renal injury before LT. Albumin dialysis'®®'®° and 
related techniques, including the molecular adsorbent recycling 
system,'*’ may serve as valuable temporizing measures until LT 
can be performed. In general, these measures delay, but do not 
eliminate, the need for LT in patients with established Wilsonian 
fulminant hepatic failure, although rare exceptions have been 
reported, '**!*? 

With Wilson disease, variations in the clinical pattern of osten- 
sibly acute liver failure need to be recognized. If the contemporary, 
more inclusive definition of acute liver failure is used—namely, 
new-onset liver disease with coagulopathy (INR >1.5) and any 
grade of hepatic encephalopathy—some patients with Wilson 
disease who present initially with decompensated chronic liver 
disease and some lethargy may be classified as having Wilsonian 
fulminant hepatic failure despite the absence of other features. 
Such patients do not necessarily end up requiring LT. Very early 
institution of albumin dialysis may interrupt the downward 
course.'”’ In some Wilson disease patients with rapidly progressive 
liver failure, intractable liver disease has developed because of 
failure to adhere to the treatment regimen. Whether the same 
intensive clinical management can salvage such patients without 
LT has not been established. Nevertheless, with any patient who 
has Wilson disease and is in liver failure, arrangement for LT as 
a possible intervention is recommended. 


Disease Complications 


Patients who stop taking all treatments have a very poor prognosis. 
New neurologic abnormalities, such as dysarthria, may develop. 
Rapidly progressive hepatic decompensation has been observed; 
it occurs on average within 3 years but has been reported as early 
as 8 months after the stopping of treatment. This reactivated liver 
damage is usually refractory to reinstituted chelator therapy. These 
patients typically require LT. 


Consideration of Risk of Copper Deficiency 


Deficiencies in trace metals may develop with the use of any chela- 
tor, although it is not yet clear whether these deficiencies are 
clinically important. Abnormal iron metabolism leading to hepatic 
iron overload and anemia, as in hereditary aceruloplasminemia, 
can be predicted if ceruloplasmin oxidase activity is reduced to 
zero.” Likewise, this activity is very low or undetectable in patients 
with severe copper deficiency because of overly aggressive chela- 
tion therapy. 


Prognosis and Natural History 


Patients with Wilson disease are generally regarded as having a 
good prognosis if the disease is diagnosed promptly and treated 


consistently. Presymptomatic siblings, with the condition diag- 
nosed on biochemical or genetic grounds before any sign of clini- 
cal impairment, have the best long-term outlook with prompt 
institution of treatment. The optimal time to begin treatment in 
very young asymptomatic children has not been established. 
Treatment of infants and very young children must be evaluated 
carefully in view of the risk associated with copper depletion 
during a critical period of growth. Patients with early hepatic 
disease have a generally favorable prognosis as long as treatment 
is consistent and well tolerated. Severe neurologic disease may not 
resolve entirely with treatment. Adequate adherence to an effective 
drug regimen may be the most important prognosticator apart 
from early diagnosis. 


Conclusion 


Wilson disease is an uncommon disorder of copper disposition 
that affects mainly the liver and brain. The pattern of inheritance 
is autosomal recessive. Its distribution is worldwide, with an 
average incidence of 30 affected individuals per million popula- 
tion; the incidence is higher in some more isolated populations. 
Numerous mutations have been identified since the gene respon- 
sible was first cloned in 1993. Compound heterozygotes predomi- 
nate. This may account in part for the clinical heterogeneity and 
has certainly made it more difficult to find correlations between 
genotype and phenotype. Treatment is usually very effective, but 
these patients require regular follow-up to monitor clinical well- 
being, adherence, and the possible development of adverse effects 
of long-term drug treatment. 


SUMMARY 


Recent Progress 

e More detailed knowledge of the structure of the Wilson ATPase and its 
intracellular action 

e Improved methods for analyzing ATP7B genotypes 

e identification of Wilson disease mimic disorders 


Key Knowledge Gaps 

e Environmental factors that modify disease expression, including 
epigenetic mechanisms 

e Pathogenetic mechanisms besides oxidant stress 

e Just how prevalent Wilson disease really is 

e Risk of hepatic cancer (HCC and cholangiocarcinoma) 


Future Directions 

e Comprehensive studies on how copper, zinc, and other trace metals 
are handled in hepatocytes 

e Determining the interactome of the Wilson ATPase in greater detail 

e Development of innovative medical therapies 

e Addressing global issues of inequalities in access to lifesaving 
treatment for this disease 
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Hemochromatosis 


ANTONELLO PIETRANGELO 


ABBREVIATIONS 


BMP bone morphogenic protein 

DMT1 divalent-metal transporter 1 

FPN1 ferroportin 

HAMP hepcidin gene 

HC hemochromatosis 

HJV hemojuvelin 

IRIDA iron-refractory iron-deficiency anemia 
LCI labile cellular iron 

LEAP-1 liver expressed antimicrobial protein 1 
LPI labile plasma iron 

NTBI non-transferrin-bound forms of iron 
SF serum ferritin 

TfR1 transferrin receptor 1 

TfR2 transferrin receptor 2 

TS transferrin saturation 


Introduction 


Iron is the most abundant element (by mass) on Earth and a vital 
micronutrient for any living organism, including fungi, bacteria, 
and humans.' Our bodies contain much more iron than any other 
essential trace element: iron enables heme proteins to bind and 
deliver oxygen, mitochondria to produce high-energy compounds 
such as ATP, key enzymes to work, and even DNA to be synthe- 
sized.’ Iron is so critical for humans that once it enters the body 
it can hardly get out: humans have an evolutionary tendency to 
retain iron.’ The propensity to keep iron in the body poses, 
however, a real threat to human health. Iron, in an aerobic envi- 
ronment, is extremely reactive and, if it is not bound by specific 
serum carriers and storage proteins, such as serum transferrin and 
cellular ferritin, it can freely interact with vascular, cellular, and 
subcellular structures and cause oxidative damage. In humans 
there are a number of disease states associated with excess iron 
accumulation or disordered iron distribution between organs and 
even between subcellular compartments (Table 60-1). The para- 
digmatic condition of iron overload in humans is hemochroma- 
tosis (HC). The term hemochromatosis (often used as a synonym 
for hereditary hemochromatosis) refers to a syndrome due to the 
spontaneous accumulation of unneeded iron in the liver, heart, 
pancreas, and endocrine glands causing toxicity and disease. What 
makes HC different from all iron-loading conditions is the 


distinctive features (Table 60-2), which all relate to the relentless 
expansion of the plasma iron pool coexisting with unimpaired 
erythropoiesis. The main driver that moves iron from the storage 
sites or increases its absorption is the bone marrow requirements. 
In HC, in the absence of increased erythropoietic needs, an unreg- 
ulated flux of iron through the blood, regardless of its cause, is 
diverted toward parenchymal cells of various organs, where, once 
it saturates the buffering capacity of ferritin and overcomes the 
intracellular antioxidant defense, it causes oxidative damage and 
leads to organ diseases such as cirrhosis, hypogonadism, diabetes, 
cardiomyopathy, and arthropathy. Today we recognize that most 
causes of HC are due to partial or total loss of hepcidin, the iron 
hormone produced by the liver that normally prevents entry of 
unneeded iron into the circulation. 


Historical Aspects 


French physicians first reported HC cases and described the syn- 
drome of “bronze diabetes and pigmented cirrhosis” in the mid- 
1800s*” but they did not recognize the pathogenic link with iron. 
In the same period, Rudolph Virchow, a prominent German 
pathologist, used the Prussian blue reaction to identify a golden 
brown pigment in sites of hemorrhage, and his fellow Max Perls 
combined potassium ferrocyanide and acid to develop the modern 
histologic iron staining method named after him. Yet it was 
another fellow of Virchow, Friedrich von Recklinghausen, who 
used this method during postmortem examinations and coined 
the term hemochromatosis to describe the bronze stain of organs 
due to a blood-borne pigment.° For decades the term hemochro- 
matosis was generically used to describe a variety of iron-loading 
conditions until the English gerontologist Joseph Sheldon,’ in 
1935, suggested that HC was indeed the result of an inborn error 
of metabolism. This paved the way to the seminal reports in the 
early 1970s by Marcel Simon linking the syndrome to the major 
histocompatibility complex haplotypes on chromosome 6,° and 
the discovery in 1996 of HFE, the first HC gene.’ A rich and 
unprecedented succession of new discoveries followed the identi- 
fication of HFE, until researchers working on antimicrobial pep- 
tides incidentally found hepcidin.'*'' Once this small peptide had 
been linked to iron,’* and its iron-regulating function had been 
unraveled,” different studies in mice and humans reported that 
all known forms of HC, including the HFE-associated form, were 
associated with inappropriately low levels of serum hepcidin. It 
thus appeared clear that this was indeed the long-sought-after HC 
gene, and that all known forms of hereditary HC could be attrib- 
uted to hepcidin deficiency." 
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TABLE i x n 
E Common Causes of Iron Overload and Iron Maldistribution in Humans 


Hereditary Hereditary 
Disorder/Cause Pattern of Iron Accumulation Disorder/Cause Pattern of Iron Accumulation 
Hereditary hemochromatosis (HFE-, TFR2-, Systemic X-linked sideroblastic Systemic (mitochondria) 
HFE2-, HAMP-, or SLC40A1-related anemias 
hemochromatosis) 
Ferroportin disease Systemic (preferential iron Friedreich ataxia Systemic (mitochondria) 
accumulation in macrophages) 
Aceruloplasminemia Systemic Neuroferritinopathy Regional (brain) 
Atransferrinemia Systemic 
DMT1 deficiency Regional (mainly liver) 
Ferritin H-related iron overload Systemic 
Hereditary iron-loading anemias with Systemic (early hepatic iron load 
inefficient erythropoiesis due to increased iron absorption) 
Acquired Acquired 
Oral Systemic Disorder/Cause Pattern of Iron Accumulation 
Parenteral Systemic Anemia of chronic diseases Systemic (reticuloendothelial 
cells) 
Posttransfusion Systemic (preferential iron 
accumulation in macrophage) 
Chronic liver diseases (viral and alcohol Regional (liver) 
related; NASH) 
Neurodegenerative disorders Regional (brain) 


Miscellaneous 


Disorder/Cause Pattern of Iron Cccumulation 
Porphyria cutanea tarda Systemic (mainly liver) 

Bantu siderosis Systemic 

Alloimmune (neonatal) hemochromatosis Systemic 


DMT1, Divalent-metal transporter 1; MASH, nonalcoholic steatohepatitis. 


TABLE 5 E 
Main Features of Hereditary Hemochromatosis 


Definition A hereditary multiorgan disease due to the spontaneous accumulation of unneeded iron in parenchymal 
cells of the liver, heart, pancreas, and endocrine glands in individuals with normal erythropoiesis 


Distinguishing features Hereditary (usually autosomal recessive) trait; low hepcidin synthesis or impaired hepcidin activity; 
early and progressive expansion of the plasma iron compartment (increased transferrin saturation); 
progressive parenchymal iron deposition (with iron-spared reticuloendothelial cells) that can cause 
damage and disease of the liver, endocrine glands, and heart; unimpaired erythropoiesis and optimal 
response to therapeutic phlebotomy 


Pathogenic basis Gene mutations leading to inappropriately low hepatic synthesis or impaired activity of hepcidin 
Recognized genetic causes in humans Pathogenic mutations of HFE, TFR2, HFE2, HAMP, or SLC40A1 


Hepcidin, the Hemochromatosis Hormone 


The first defensin-like antimicrobial peptide made by the liver was 
isolated from human blood ultrafiltrate’? and named LEAP-1 for 
liver-expressed antimicrobial peptide 1, and was then renamed hep- 
cidin.'’'* Hepcidin is synthesized in the liver by the HAMP gene 
as an 84—amino acid prepropeptide containing a typical N-terminal 
24—-amino acid endoplasmic reticulum targeting signal sequence 
and a consensus furin cleavage site immediately preceding the 
C-terminal 25—amino acid bioactive peptide. In addition to pro- 
hepcidin and the 25—amino acid form of hepcidin, C-terminal 
22— and 20-amino acid forms of hepcidin are found in the cir- 
culation and/or urine but the 25—amino acid form is the bioactive 
form. ! 1>" 

Hepcidin is a member of the cysteine-rich, cationic, antimi- 
crobial peptide family. It has retained some antibacterial and 
antifungal effects in vitro.'' However, it is the only known anti- 
microbial peptide that evolved a very unique capability to fight 
pathogens: restraining serum iron that is necessary for their growth 
and proliferation during infection. This task is accomplished 
by its binding and degrading ferroportin (FPN1), the sole iron 
exporter in mammals.'’ FPN1, a multipass transmembrane protein 
encoded by the SLC40A1 gene, is highly expressed in cells that 
play key roles in mammalian iron traffic, including placental 
syncytiotrophoblasts, duodenal enterocytes, hepatocytes, and 
reticuloendothelial macrophages.'°'* FPN1 degradation causes 
interruption of the flux of iron from the absorbing enterocytes, 
iron-storing hepatocytes and iron-recycling macrophages, and 
leads to hypoferremia. During infection, hepcidin is induced by 
a variety of inflammatory signals and mediators, particularly 
interleukin-6,'°?! but also interleukin-1,” interleukin-22,”” and 
activin B” (Fig. 60-1).°° Hepcidin is also produced by monocytes/ 
macrophages through toll-like receptors.””* 

Beyond infection, hepcidin induction—a legacy from the 
innate immune response to pathogens—is replicated whenever 
stress factors perturb the internal homeostasis: the aim is to pre- 
serve and retain iron in the body (or within the cells) for vital 
functions.’ This is the case for endoplasmic reticulum (ER) stress, 
primarily associated with disruption of ER homeostasis and accu- 
mulation of unfolded or misfolded proteins in the ER,” but also 
involved in a number of pathophysiologic states, including inflam- 
matory response, nutrient disorders, and viral infection. Exoge- 
nous and endogenous ER stressors trigger hepcidin transcription 
through the cyclic AMP response element binding protein 3—like 
3 (CREB3L3; also known as CREBH), and perturb systemic iron 
homeostasis in vivo” (see Fig. 60-1). Metabolic stress can also turn 
on hepcidin transcription. With use of starvation as a model of 
persistently activated gluconeogenesis and insulin resistance, it 
has been found that peroxisome proliferator—activated receptor Y 
coactivator 10, a transcriptional coactivator, cooperates with 
CREBH to activate hepcidin and regulate iron traffic in vivo 
during food deprivation.” The latter finding has important con- 
sequences for human disorders associated with insulin resistance 
and induced gluconeogenesis, such as obesity, diabetes, and non- 
alcoholic fatty liver disease, in which hepcidin induction and liver 
iron retention have been reported.”' 

It seems, however, that hepcidin has been given another 
fundamental function by nature: to maintain the level of serum 
iron within a narrow physiologic range and avoid iron toxicity— 
both too little and too much iron can be harmful for humans. 
Hypoferremia may be beneficial during infection but iron defi- 
ciency per se, through iron-restricted erythropoiesis, may cause 
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iron-deficiency anemia, one of the most prevalent and serious 
health problems worldwide. Conversely, iron excess, as discussed, 
may cause damage and disease. Maintaining a constant supply of 
iron for hemoglobin synthesis is a priority for humans: when in 
the erythroid compartment demand increases, hepatic hepcidin 
transcription must be reduced so that more iron can be transferred 
from the intestine and storage sites through serum transferrin to 
the bone marrow. Hypoxia and erythropoietin inhibit hepcidin 
synthesis and increase iron absorption.” >” Circulating factors 
derived from maturing erythroblasts in the bone marrow, such as 
growth differentiation factor 15,” a member of the transform- 
ing growth factor P superfamily, twisted gastrulation protein, a 
bone morphogenetic protein (BMP)-binding protein,” and, 
more recently, erythroferrone, have been reported to down- 
regulate hepcidin transcription in the liver (see Fig. 60-1). 

What about the threat of too much iron? How can hepcidin 
sense the rise in the amount of potentially toxic serum iron so 
that its hepatic output can increase and the flux of more iron 
toward the bloodstream can be halted? The iron-sensing system 
resides within the liver, and it is its disruption that is responsible 
for human HC. 


The Genetic and Pathogenic Basis for 
Hemochromatosis 


The Iron-Sensing Machinery 


Iron sensing involves two main signals that trigger, independently 
and/or in combination, hepcidin expression in hepatocytes. One 
is transferrin-iron (i.e., the extent of transferrin saturation, TS, 
with iron within the sinusoidal and perisinusoidal space of the 
liver) (Fig. 60-2). A second signal is delivered by BMPs, a class of 
ligands of the transforming growth factor B superfamily. BMPs, 
beyond the established role in embryonic development and other 
fundamental processes during postnatal life, are, apparently, also 
central in iron homeostasis.“ In particular, BMP6, largely pro- 
duced by hepatic sinusoidal cells and nonparenchymal cells** and 
directly induced by iron,‘ seems to play a key role in the regula- 
tion of hepcidin transcription. Blocking of BMP6 in vivo inhibits 
hepcidin expression and increases the concentration of serum 
iron,’ whereas genetic BMP6 ablation in mice leads to low 
hepcidin expression and iron overload,“ indicating that BMP6 
is an endogenous regulator of hepcidin expression and iron 
metabolism in vivo. How does the iron-sensing system work? 
Transferrin-iron and BMPs take part in a multiprotein complex 
at the hepatocyte plasma membrane made by BMP receptors, a 
BMP coreceptor (hemojuvelin, HJV), and a number of ancillary 
proteins (including HFE and transferrin receptor 2, TRS 
(see Fig. 60-2). This interaction triggers the phosphorylation 
of the SMAD1-SMAD5-SMAD8 complex (receptor-associated 
SMADs), the subsequent binding to SMAD4 (common-partner 
SMAD), the translocation of the SMAD complex to the nucleus, 
and the activation of hepcidin transcription“ (see Fig. 60-1). The 
BMP coreceptor HJV, which is present in either a soluble or a 
cell-associated form, provides specificity to the iron signal in the 
liver and functions as an enhancer for hepcidin.” HFE and TfR2 
are also required for normal signaling of iron status to hepcidin 
via the BMP6-SMAD1-SMAD5-SMAD8 pathway.””?! Func- 
tional loss of HFE in mice” and humans™™ leads to low hepcidin 
expression and HC. Functional loss of TfR2 in mice” and 
humans” is also associated with blunted hepcidin expression 


and HC. The role of HFE and TfR2 in the context of the 
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e Fig. 60-1 Signals and pathways controlling hepcidin transcription. The main hepcidin stimulatory 
signals identified include iron, inflammation/infection, and endoplasmic reticulum (ER)/metabolic stress. 
The iron signal converges on a membrane-associated heterotetrameric signaling complex, composed of 
transferrin, bone morphogenetic protein (BMP) ligands, two type | and two type II serine threonine kinase 
receptors, a coreceptor (hemojuvelin, HJV) and ancillary proteins (including HFE and transferrin receptor 
2, TfR2) that trigger a common signal transduction cascade involving receptor-associated SMADs and 
common-partner SMADs and activate transcription of the hepcidin gene (see the text for details). A key 
mediator of hepcidin response to inflammation is interleukin-6 (IL-6), which stimulates hepcidin transcrip- 
tion through signal transducer and activator of transcription 3 (STAT3), possibly by interacting with the 
BMP-SMAD pathway. Activin B likely uses the BMP-SMAD pathways to induce hepcidin during inflam- 
mation. Hormonal and nutrient signals during activated gluconeogenesis induce hepcidin through cyclic 
AMP (cAMP) and involve the transcriptional coactivator peroxisome proliferator—activated receptor y 
coactivator 1a (PPARGC1A) and cAMP response element binding protein 3-like 3 (CREBH) (see the text 
for details). The main signals for hepcidin inhibition arise in the bone marrow during active erythropoiesis: 
putative mediators include growth differentiation factor 15 (GDF15), twisted gastrulation protein (TWSG1), 
and erythroferrone (ERFE) (see the text for details). Three negative modulators of the BMP-SMAD signaling 
pathway have also been identified: the soluble form of HJV (SHJV), type Il transmembrane serine protease 
6 (TMPRSS6), and SMAD7 (see the text for details). Neogenin, a membrane receptor for repulsive guid- 
ance molecule, has been proposed to stabilize HJV, and participate in HJV shedding. BMPR I, Bone 
morphogenetic protein receptor type |; BMPR II, bone morphogenetic protein receptor type Il; H/Fa, 
hypoxia-inducible factor a; /L6R, interleukin-6 receptor; 7fR71, transferrin receptor 1. 


BMP-SMAD signaling pathway is just beginning to be clarified. disulfide bond required for HFE binding to B,-microglobulin and 
HFE is a major histocompatibility class I-like protein that inter- prevents HFE transport to the cell surface and endosomal mem- 
acts with transferrin receptor 1 (TfR1),” the receptor for serum branes, where it interacts with TfR1.° The H63D mutation, a 
transferrin that mediates uptake of transferrin-bound iron. The common HFE polymorphism, does not impair HFE-TfR1 inter- 
C282Y HFE mutation associated with human HC disrupts a action. Loss of HFE reduces BMP6 signaling in vitro and in 
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e Fig. 60-2 The iron-sensing machinery in the liver. lron-transferrin from the portal vein enters the 
sinusoids and induces the local production of bone morphogenetic proteins (BMPs), such as BMP6, 
by sinusoidal cells, Kupffer cells, and hepatic stellate cells. Both iron-transferrin and BMPs engage the 
membrane-associated heterotetrameric signaling complex, composed of BMP receptors, the hemojuvelin 
(HJV) coreceptor, and a number of ancillary proteins that activate a common signal transduction cascade 
leading to induction of hepcidin transcription. BMPR I, Bone morphogenetic protein receptor type |; 
BMPR II, bone morphogenetic protein receptor type Il; 7f transferrin; 7fR7, transferrin receptor 1; TfR2, 
transferrin receptor 2; TMPRSS6, type Il transmembrane serine protease 6. 


vivo.” ™” A recent in vitro study has shown that HFE interacts with 
the BMP type I receptor activin receptor-like kinase 3 to stabilize 
it and increase its expression, thereby inducing hepcidin expres- 
sion.” TfR2 mediates the uptake of transferrin-bound iron by 
hepatocytes in vitro,°' but its in vitro affinity for transferrin is 
much less than that of TfR1.” It has been postulated that TfR2 
also interacts with HFE, forming a unique iron-sensing complex 
with TfR1-HFE that modulates hepcidin expression in response 
to transferrin.” ® However, human studies in patients with com- 
bined TFR2 and HFE mutations” and studies in Hfe/Tfr2 double 
knockout mice’®”* have shown that the contemporary loss of 
HFE and TfR2 has additive phenotypic effects. This indicates that 
both proteins are important for BMP signaling and are necessary 
for an optimal response to BMPs, but they likely regulate hepcidin 
and iron metabolism in an independent manner. 


The BMP-SMAD pathway is counterregulated by a number of 
feedback regulatory signals that prevent overshooting of hepcidin 
expression in response to positive stimuli. A key role is likely 
played by type II transmembrane serine protease 6 (also called 
TMPRSS6), which functions by inhibiting the BMP pathway (see 
Figs. 60-1 and 60-2). A possible target for TMPRSS6 is HJV,” 
but this is still controversial." Loss of TMPRSS6 in humans 
causes a syndrome known as iron-refractory iron-deficiency anemia 
(IRIDA) characterized by hyperhepcidinemia and microcytic iron- 
deficiency anemia resistant to oral iron supplementation. 47 A 
second BMP-pathway inhibitor is SMAD7, induced by long-term 
dietary iron loading and BMP-SMAD signaling pathway activ- 
ity in the liver.” Another player in the BMP-SMAD pathway is 
neogenin, a member of the deleted in colorectal cancer family of 
tumor suppressor molecules. Neogenin appears to interact with 


946 SECTION XI 


Inherited and Pediatric Liver Diseases 


HJV” (see Figs. 60-1 and 60-2) but its definite role in HJV 
biology and hepcidin synthesis is still unclear.” "The livers of 
neogenin-mutant mice exhibit reduced BMP signaling, low levels 
of hepcidin, and iron overload.”! 


The Common Pathogenic Basis of 
All Forms of Hemochromatosis 


Hemochromatosis arises when the liver is unable to produce suf- 
ficient hepcidin to match the level of serum iron or when the 
activity of normally produced hepcidin is impaired: that is, when 
the hepcidin-ferroportin axis is disrupted. Therefore, considering 
the hepcidin side of the axis, genetic loss of hepcidin itself or loss 
of any factor essential for constitutive hepcidin transcription or 
important for the “iron-sensing machinery” can potentially cause 
HC. In mice loss of Hfe2,°*? Bmpo,° He,” Tfr2, Smad4,” 
Neol,*' Cepba,® and Hamp itself” leads to reduced hepcidin 
synthesis and iron overload that resembles human HC. In humans 
HC has been associated with mutations involving HFE, >" 
TFR2, HFE2,® and HAMP” (Table 60-3). As discussed, HFE, 
TfR2, and HJV are all independent but complementary compo- 
nents of the iron-sensing machinery in the liver (Fig. 60-3; see 
also Fig. 60-2). If the HAMP gene is intact and each of the three 
regulators is functioning as it should, the amount of iron trans- 
ferred into the blood will be appropriate to the body’s needs, and 
excessive iron deposition in tissues will be avoided (see Fig. 60-3, 
A). Loss of one of the minor regulators (HFE or TfR2) will result 
in an appreciable increase in the amount of iron entering the 
bloodstream, but the second minor regulator, together with HJV, 
will still be able to ensure some type of hepcidin response (see Fig. 
60-3, B and C). Consequently, plasma iron loading will proceed 
at a slower rate, and iron buildup in parenchymal tissues will be 
more gradual—as it is in TfR2-related and, particularly, in adult- 
onset HFE-related HC. HJV, however, is a major hepcidin regula- 
tor, and its loss will have a more dramatic effect on influx of iron 
into the bloodstream and result in a more severe, early-onset HC 
(see Fig. 60-3, D), similar to that provoked by loss of HAMP itself 
(see Fig. 60-3, £). As discussed, a similar juvenile phenotype is 
also found in individuals in whom both minor regulators, HFE 
and TfR2, are lost.“ For the opposite side of the hepcidin- 
ferroportin axis, it is anticipated that any defect that prevents 
ferroportin inhibition by hepcidin will likely result in HC. This 
is the case for unusual gain-of-function mutations of ferroportin 
reported in patients with HC (such as N144H, C326Y, and 
C326S mutations)?” (see Fig. 60-3, F). These changes in ferro- 
portin prevent hepcidin binding and/or ferroportin internaliza- 
tion, so, although hepcidin is produced normally, ferroportin is 
resistant to its inhibitory activity and persistently exports iron 
toward the bloodstream, ultimately resulting in HC. 

This pathogenic model of HC is highly reminiscent of diabetes 
that can be caused by loss of the glucose-regulating hormone 
insulin or resistance to its action. Seemingly, loss of the HC 
hormone, hepcidin, or resistance to its activity can also lead to 
HC, which, in this framework, qualifies as a classic endocrine 
disorder” (Fig. 60-4). On the basis of this model, we must assume 
that, as in diabetes, nongenetic causes that chronically and con- 
sistently prevent the synthesis/activity of hepcidin can also lead to 
a hemochromatotic syndrome (see Fig. 60-4). This is the case of 
massive liver iron overload resembling HC associated with end- 
stage liver disease due to loss of hepcidin-producing liver tissue,” 
or acute or subacute liver failure due to toxic or immune-mediated 
insults of the liver,”””® all conditions that can be associated with 


iron accumulation in the liver and other vital organs (see also the 
section entitled “Acquired Hemochromatosis”). 

On the basis of the definition of HC discussed so far, disrup- 
tion of any regulatory mechanism that prevents an unregulated 
flux of iron toward the blood, in the presence of normal erythro- 
poietic activity, can lead to HC. Today we recognize the hepcidin- 
ferroportin axis as the main homeostatic control of serum iron 
movements, and its disruption is at the basis of all known hemo- 
chromatoses. However, other regulatory systems may exist, still 
unrecognized or ill-defined, that dictate the extent of iron transfer 
to the bloodstream. An important control center can reside within 
the iron-absorbing enterocytes, in which the level of iron stores 
could affect the expression of apical or basolateral iron transport- 
ers, such as divalent-metal transporter 1 (DMT1) or ferroportin 
respectively. Mice with an intestinal ferritin H gene (Ft) dele- 
tion show high TS and develop body iron overload resembling 
HC, indicating that intestinal ferritin H is also required to limit 
iron efflux from intestinal cells toward the circulation, and that 
Fth1 is an iron-loading gene, at least in mice.” It is noteworthy 
that iron overload resembling HC has also been described in a 
Japanese pedigree carrying a mutation of ferritin H.” Although 
no further cases have been reported since then, these observations 
suggest that hereditary HC may also exist beyond the presently 
recognized forms due to mutations in proteins involved in hepci- 
din synthesis or function. 

Regardless of its genetic cause, any form of HC is characterized 
by inappropriate intestinal iron absorption. Old radioiron- 
absorption studies showed that in HC patients (most likely 
patients with HFE-related disease) the rates of dietary iron absorp- 
tion by the intestine exceed iron loss by approximately 3 mg/ 
day.” Pioneering studies by McLaren et al.” in the early 1990s 
demonstrated that the basolateral step of iron transfer was abnor- 
mally elevated in HC. We now know that this inappropriately 
high flux of dietary iron across duodenal enterocytes is largely due 
to unchecked activity of ferroportin at the basolateral sites. 
Intestine-derived iron clearly plays a role in elevating the total 
body iron content in HC but most iron found in the plasma 
compartment comes from reticuloendothelial macrophages.” 
These cells remove senescent or damaged red blood cells from the 
circulation and recycle their hemoglobin iron into the plasma, 
where it can be reused for the production of new red blood cells 
in the bone marrow (and for other purposes). Early studies showed 
that hemochromatotic macrophages release more iron than their 
normal counterparts,” and the pathologic hallmark of the disease 
is that tissue iron overload spares macrophages, such as Kupffer 
cells, until late in the course of the disease (see the section entitled 
“Suspecting and Diagnosing Hemochromatosis”). 

In HC, iron excess in the circulation will sooner or later satu- 
rate the buffer capacity of serum transferrin, and non—transferrin- 
bound forms of iron (NTBI) with high propensity to induce 
noxious reactive oxygen species (so-called labile plasma iron, or 
LPI)’ and cross biologic membranes through non-receptor- 
mediated processes will appear. This will translate into increased 
redox-active forms of iron (so-called labile cellular iron, or LCI) 
within iron-loaded parenchymal cells of the liver, heart, and endo- 
crine glands, and oxidative damage of intracellular structures. 
Early studies showed that iron has a prominent profibrogenic 
potential in the liver.'°*'° The effect of iron is not direct but 
through specific mediators, such as reactive oxygen species and 
lipid peroxidation by-products generated in iron-loaded hepato- 
cytes that ultimately trigger proliferation and activation of hepatic 
stellate cells and portal myofibroblasts responsible for collagen 
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e Fig. 60-3 Hepcidin as the central hormone in hemochromatosis. A, In normal individuals the liver, in 
response to the iron signals, secretes hepcidin, which dictates the extent and rate of iron release from 
macrophages and enterocytes. HFE, transferrin receptor 2 (TfR2), and hemojuvelin (HJV) are required for 
hepcidin activation in response to the circulatory iron signal. B through F, Depending on the role of the regu- 
lators in the control of hepcidin expression, the rate and extent of circulatory iron overload is slow and 
limited (HFE-associated hemochromatosis in B, TFR2-associated hemochromatosis in C, and SLC40A1- 
associated hemochromatosis in F) or rapid and massive (HFE2-associated hemochromatosis in D and 
HAMP-associated hemochromatosis in E) (see the text for details). HAMP. Hepcidin antimicrobal peptide. 
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An Endocrine Model for 
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deposition and fibrosis?!” Heart and endocrine glands are par- 
ticularly susceptible to rapid iron loading, probably because their 
cells are richer in mitochondria than liver cells, and their antioxi- 
dant defenses are also inferior. °" 

The specific HC phenotype is determined largely by the rate 
and magnitude of the circulatory iron overload, which in turn 
depends on the specific HC protein that is altered and the role it 
plays in hepcidin biology. Rapid massive influx of iron into the 
plasma causes severe early-onset organ disease (Fig. 60-5). Heart 
failure and endocrine insufficiency dominate the clinical pictures 
associated with these juvenile forms of HC. In contrast, more 
gradual iron loading leads to a milder phenotype with later onset 
of symptoms (e.g., classic HFE-related HC) (see Fig. 60-5). It is 
important to remember that, variations notwithstanding, all of 
these genetic mutations cause the same syndrome, the targets of 
iron toxicity are identical (i.e., liver, heart, and endocrine glands), 
and the pathogenic basis of all forms is hepcidin deficiency. 


Genetics and Epidemiology 


The pattern of inheritance of all forms of hereditary HC, except 
the form associated with SLC40A/ mutations, is autosomal reces- 
sive; that is, for the HC trait to be displayed, two copies of the 
trait need to be presented (homozygote state) (Fig. 60-6; see also 
Table 60-3). This implies that, assuming there are no paternity 
issues, the parents are usually heterozygotes (carriers) for the 
pathogenic mutation, and the main genetic risk is on siblings 
(usually 25%, on the basis of the Hardy-Weinberg equilibrium) 


The receptor 
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e Fig. 60-4 Hemochromatosis as an endocrine disease. Similarly to diabetes, the paradigmatic endo- 
crine disorder due to lack of the glucose-regulating hormone insulin, hemochromatosis, results from lack 
of the iron-regulating hormone hepcidin, caused by inappropriate hepcidin synthesis (e.g., hepatic 
acquired or genetic factors that impair hepcidin production) or reduced hepcidin sensitivity (e.g., gain-of- 
function ferroportin mutations leading to hepcidin resistance), both responsible for progressive and 
unchecked increase of serum iron levels and tissue iron overload. FPN, Ferroportin; HAMR. hepcidin 
antimicrobal peptide; HJV, hemojuvelin; 7fR2, transferrin receptor 2. 


(see Fig. 60-6). In evolutionary terms, a recessive disease can 
remain hidden for several generations before displaying the phe- 
notype. In the case of SLC40A I-associated HC and the so-called 
ferroportin disease, the trait is autosomal dominant; that is, a 
single copy—inherited from either parent—is enough to cause 
this trait to appear. Therefore one of the parents must have the 
disease, the disease trait is associated with a heterozygote state, 
and risk for siblings rises to 50% (see Fig. 60-6). 
HFE-associated HC is the most common form of HC (see 
Table 60-3). It is associated with homozygosity for the 845G-A 
polymorphism in HFE that results in the C282Y change in the 
gene product. This polymorphism is highly prevalent in whites 
and HFE-associated HC would be the most frequently inherited 
metabolic disorder among white individuals if it were not for 
the fact that the phenotype penetrance of the polymorphism is 
low: the HC mutation is frequent but the disease is rare. The 
C282Y mean allelic frequency is approximately 6%,'”” and the 
prevalence of C282Y homozygosity among Caucasians is 1:200 
to 1:300,'"° with a typical north-south gradient in Europe: the 
frequency ranges from 12.5% in Ireland to 0% in southern Euro- 
pean regions. The origin of the C282Y polymorphism is still 
debated. It had been originally considered a “Celtic mutation”’— 
originating in a couple in central Europe and spreading west and 
north by population movement. It has been suggested that Viking 
migrations were largely responsible for the distribution of this 
mutation. However, evidence has been provided that this muta- 
tion may have occurred in mainland Europe much earlier, before 
4000 BC. The C282Y polymorphism may have conferred 
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e Fig. 60-5 The phenotypic continuum of hemochromatosis. Hereditary 
hemochromatosis can be produced by pathogenic mutations in a number 
of iron metabolism genes, such as HFE2, HAMP, TFR2, SLC40A71, and 
HFE. Depending on the gene involved and its role in hepcidin biology, the 
hemochromatosis phenotype varies and ranges from the severe, early- 
onset juvenile forms associated with mutations of HAMP itself or HFE2 
(and characterized by full-blown organ disease particularly affecting the 
heart and endocrine glands) to the milder, late-onset phenotypes, such 
as that associated with the HFE C282Y homozygosity with the clinical 
picture dominated by a liver disease. HC, Hemochromatosis; HCC, hepa- 
tocellular carcinoma. 
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advantages against iron deficiency when archaic societies moved 
from an iron-rich, heme-based diet to an iron-poor agriculture- 
based diet.’ The prevalence of C282Y is higher in certain patient 
populations, particularly in those with liver disease, but also type 
1 diabetes, chondrocalcinosis, and porphyria cutanea tarda. 

The H63D polymorphism, appearing in evolution earlier than 
C282Y and present in different ethnicities, has a higher prevalence 
in the general population (average allelic frequency approximately 
14%) but has limited if any clinical penetrance.''*''> Some indi- 
viduals with compound heterozygosity (H63D/C282Y) or H63D 
homozygosity present with abnormal iron values, or even increased 
deposits of hepatic iron, but these patients usually have disease 
cofactors carrying the main pathogenic driver''*''” (see the section 
“Suspecting and Diagnosin Hemochromatosis”). 

The S65C polymorphism in HFE has also been associated with 
excess iron in very rare cases when it is inherited along with 
C282Y on one allele. 

The non—HFE-related forms of HC are rarer than HFE- 
associated HC, but unlike HFE-associated HC are not restricted 
to northern European descent, and the presence of a pathogenic 
mutation invariably result in a disease state. Most cases of non— 
HFE-associated HC in adults are due to TFR2 mutations,''° 
originally reported largely in inbred families with high consan- 
guinity, and now identified in different ethnicities, including 
southern Asian populations''”'”’ (see Table 60-3). 
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Fig. 60-6 The different inheritance patterns of the autosomal recessive HFE-associated hemochroma- 
tosis and the autosomal dominant ferroportin disease. See the text for details. 


Usually, SLC40A1 mutations result in a pathogenically and 
clinically distinct iron overload syndrome, known as ferropor- 
tin disease’ (see the section entitled “Non-Hemochromatotic 
Genetic Iron Overload: The Ferroportin Disease”). However, as 
discussed previously, missense heterozygote mutations of ferro- 
portin that cause resistance of ferroportin to hepcidin can result 
in an HC syndrome—the only known form of HC with an 
autosomal dominant trait””?”'”?'°* (see Table 60-3). 

Loss of HAMP itself”! and, more frequently, pathogenic 
mutations of HFE2* cause the early-onset form historically 
referred to as juvenile hemochromatosis.'**'*” Most HFE2-associated 
mutations are private, but a common G320V mutation has been 
reported in different pedigrees from different countries." 


The Clinical Spectrum of Hemochromatosis 


Hereditary HC is a genetically heterogeneous disease that results 
from the complex interaction between genetic and acquired 
factors. As discussed in the section entitled “The Common Patho- 
genic Basis of All Forms of Hemochromatosis,” clinical expression 
of the disease depends on the gene involved and on the role that 
its protein product plays in the hepcidin-ferroportin axis. 

If the altered gene plays a dominant role (e.g., HAMP itself or 
HFE2), circulatory iron overload occurs rapidly (see Figs. 60-3, 
D and E and 60-5). In these rare cases, the modifying effects of 
acquired environmental and lifestyle factors will be negligible and 
the clinical presentation will invariably be dramatic, with early 
onset (usually second decade) of a full-blown organ disease. In 
contrast, if the gene has a less critical role in hepcidin expression, 
such as in the case of HFE, clinical manifestations occur later 
(usually in the fourth to fifth decade), with liver disease dominat- 
ing the clinical picture (see Figs. 60-3, B and 60-5). This is because 
the functional loss of HFE protein due to p.C282T homozygosity 
results in a genetic predisposition that requires the concurrence 
of host-related or environmental factors to produce disease. 


Fully Expressed Hemochromatosis 


HC is a systemic multiorgan disease. The clinical spectrum of fully 
expressed HC, regardless of the underlying genetic defect, includes 
liver disease, diabetes, endocrine failure, joint inflammation, heart 
disease, and bronze skin. In such a patient, TS and serum ferritin 
(SF) level will be invariably elevated. 

Liver disease is common in HC. A prototypic physical sign at 
presentation is hepatomegaly, which usually indicates the presence 
of clinically relevant iron excess and is associated with sinusoidal 
and portal fibrosis on liver biopsy. Hepatomegaly may be absent 
in young HFE C282Y homozygotes detected by genetic screening. 
The levels of liver enzymes are usually normal or only slightly 
elevated. Micronodular cirrhosis is part of the clinical manifesta- 
tions of fully expressed adult HC. A critical threshold of hepatic 
iron concentration greater than 283 mol/g dry weight (normal, 
0 to 35 mol/g dry weight)'*’ and 236 [mol/g dry weight'“* has 
been proposed for cirrhosis in HFE-associated HC but higher iron 
concentrations may also be found in the absence of cirrhosis. 
Conversely, asymptomatic patients may present with fibrosis and 
also cirrhosis. Therefore additional factors exist that contribute to 
the development of cirrhosis in HC. According to Fletcher 
et al.,“ individuals with HC who drink more than 60 g alcohol 
per day are approximately nine times more likely to develop cir- 
rhosis than those who drink less than that amount. In another 
retrospective study in C282Y homozygotes, the presence of 
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diabetes was independently associated with more severe hepatic 
fibrosis independent of iron loading, male sex, and alcohol con- 
sumption.'“° In an Italian HC population the 1148M polymor- 
phism of the patatin-like phospholipase domain—containing 3 
gene (PNPLA3) was found to be associated with the risk of higher 
stage of fibrosis, and possibly cirrhosis.'*” Evidence has also been 
provided for a role of fatty liver, high body mass index,'“*'” and 
oxidative stress-related gene polymorphisms.'”’ A more recent 
retrospective genome-wide association study has reported that the 
variant rs236918 in the proprotein convertase subtilisin/kexin 
type 7 gene (PCSK7) is associated with cirrhosis or advanced 
fibrosis.’ In summary, the risk of hepatic fibrosis and cirrhosis 
in hereditary HC relates to the degree of iron loading but requires 
additional host-related acquired and genetic factors to fully 
develop and progress. 

Hepatocellular carcinoma is a common complication in these 
patients, with a relative risk of approximately 200-fold.'” Cases 
of liver cancer in the absence of cirrhosis have also been reported. 

Diabetes has been part of the hemochromatotic triad since its 
first description in the late 1800s. The pathogenesis of diabetes 
associated with HC was originally related to a toxic effect of iron 
on pancreatic beta cells. Decreased insulin secretory capacity was 
reported in human HC!” and Hfe hemochromatotic mice; the 
latter also exhibited an increase in iron content in the islets of 
Langerhans, beta-cell oxidant stress, and inability to increase 
insulin levels as they aged,'™ but these effects are not sufficient to 
fully explain the diabetes risk phenotype. Paradoxically, mice and 
nondiabetic humans with HC exhibit increased insulin sensitiv- 
ity,” which may depend on the fact that, in HC, a low adipocyte 
iron level (secondary to increased adipocyte ferroportin expres- 
sion) favors synthesis of adiponectin, an insulin-sensitizing adipo- 
kine.’ Two additional factors, both related to the liver, seem to 
contribute to the development of diabetes in HC: one is the 
increased glucose output by the liver due to a shift in fuel prefer- 
ence from glucose to fatty acid oxidation in muscle, leading to 
increased hepatic pyruvate/lactate recycling in the liver and 
glucose production'”’; the other is the underlying chronic liver 
disease and the associated insulin resistance. 

Endocrine manifestations in HC include hypogonadotropic 
hypogonadism, leading to impotence in men, which is particu- 
larly frequent in cirrhotic patients, and amenorrhea and infertility 
in women; other manifestations are hypothyroidism and osteopo- 
rosis, the latter often related to low testosterone levels in men. 

Cardiomyopathy and arrhythmias are found in HC, particu- 
larly in the early-onset forms (see later). 

Joint disease is common in HC and typically involves the 
proximal interphalangeal joints of the hands but also the wrists, 
shoulders, and knees. Synovial inflammation is common from 
calcium pyrophosphate dihydrate deposition disease. The most 
typical associated radiologic features are chondrocalcinosis, sub- 
chondral cyst formation, osteopenia, and squaring of the meta- 
carpophalangeal joint heads. 


The Low Penetrance of HFE C282Y Homozygotes 


Today the classic syndromic presentation is rare in HFE-associated 
HC and diagnosis is made at earlier stages as an effect of screening 
and enhanced case detection due to greater clinician awareness 
and higher index of suspicion (Table 60-4). Widespread use of 
HFE testing has increased the chance of detecting C282Y homo- 
zygosity in asymptomatic individuals. The most common symp- 
toms at presentation include fatigue, malaise, and arthralgia, 
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TABLE 


SECTION XI 


Inherited and Pediatric Liver Diseases 


fa Suspecting and Diagnosis of Hemochromatosis and Ferroportin Disease 


Hemochromatosis 
HFE-Related Hemochromatosis 


Male 


Caucasian 40-50 


Fatigue, arthralgia, dark skin, and/or 
hepatomegaly and elevated ferritin level and 
serum transferrin saturation; unexplained 
hyperferritinemia and increased transferrin 
saturation; parenchymal iron overload on liver 
biopsy (with decreasing portocentral gradient 
and iron-spared Kupffer cells) in the absence of 
end-stage cirrhosis and hematologic disorder 


Liver fibrosis/cirrhosis, 


diabetes, 
hypogonadism, 
arthropathy, 
cardiomyopathy, 
melanodermia 


Non-HFE-Related Hemochromatosis: Adult-Onset Forms (7fR2 and SLC40A1-related) 


Male 


Any 


30-50 


Unexplained symptomatic organ disease (e.g., 
cirrhosis, diabetes) and elevated serum 
transferrin saturation and serum ferritin level; 
unexplained hyperferritinemia with increased 
transferrin saturation in a non—HFE C282Y 
homozygote with signs and symptoms 
suggesting hemochromatosis; non—HFE C282Y 
homozygote with signs and symptoms 
suggesting hemochromatosis in the absence of 
end-stage cirrhosis and hematologic disorders 
with parenchymal iron overload on liver biopsy 
(with decreasing portocentral gradient and 
iron-spared Kupffer cells) 


Non-HFE-Related Hemochromatosis: Juvenile-Onset Forms (HAMP and HFE2-related) 


HFE C282Y homozygosity and evidence 


of iron overload 


Liver fibrosis/cirrhosis, Parenchymal iron overload on liver 
diabetes, biopsy (with portocentral gradient and 
hypogonadism, iron-spared Kupffer cells) in a 
arthropathy, non—HFE C282Y homozygote, in the 
cardiomyopathy, absence of end-stage cirrhosis and 
melanodermia hematologic disorders; positive TFR2 


or SLC40A7 gene mutation analysis 


Either Any 15-30 Impotence or amenorrhea and/or cardiomyopathy  Hypogonadotropic Hypogonadism or amenorrhea and/or 
and marked elevation of serum iron values hypogonadism, cardiomyopathy in young patients with 
diabetes, marked hyperferritinemia; massive 
cardiomyopathy, liver panlobular parenchymal iron overload 
cirrhosis, arthropathy on liver biopsy in the absence of 
end-stage cirrhosis or hematologic 
disorder in young patients; positive 
HFE2 or HAMP gene mutation analysis 
(in rarer cases, combined mutations of 
HFE/TFR2 or HFE/HFE2/HAMP) 
Ferroportin Disease 
Either Any 10-80 Unexplained hyperferritinemia and normal or Hypogonadotropic Heterozygosity for SLC40A7 mutation 
inappropriately low transferrin saturation; hypogonadism, and hyperferritinemia with normal or 
isolated hyperferritinemia in father or mother; diabetes, inappropriately low transferrin 


MRI, Magnetic resonance imaging. 


sinusoidal (Kupffer) cell iron overload on liver 
biopsy or spleen (and liver) iron accumulation 
on MRI in patients with unexplained 
hyperferritinemia and normal or inappropriately 
low transferrin saturation 


cardiomyopathy, liver 
cirrhosis, arthropathy 


saturation and sinusoidal (Kupffer) cell 
iron overload on liver biopsy 


symptoms that are nonspecific, particularly in an elderly popula- 
tion. If these symptoms are due to HC, TS and SF level are ele- 
vated. There are also nonexpressing C282Y homozygotes with 
slightly elevated TS and normal SF level. At diagnosis, excess 
hepatic iron as assessed by liver biopsy has been detected in 52% 
of female and 75% of male C282Y homozygotes,” increased 
levels of transaminases in 24% to 32% of patients, fibrosis in 30% 


to 42 % of male patients and in 2.7% to 4.0% of female patients, 
and cirrhosis in 4.4% to 11.8% of male patients and in up to 
2.7% of female patients.'“*'”” 

As discussed, the HFE C282Y mutation has a low clinical 
penetrance, ™ and the disease progresses in only a minority of 


untreated patients with HFE C282Y.'”"*' As many as 38% to 
50% of patients homozygous for HFE C282Y will develop iron 


overload, and 10% to 33% will eventually develop HC-associated 
morbidity.'°”' An estimate of the rate of iron accumulation with 
age indicates that the mean age of homozygotes whose health 
could be adversely affected by hepatic iron level greater than 
236 mol/g dry weight would be approximately 21 years after the 
hepatic iron stores begin to increase in both men and women." 
Penetrance is usually higher among male patients homozygous for 
HFE C282Y than among female patients, probably because of 
menstruation, lactation, and pregnancy. Apart from male sex, 
alcohol abuse is likely an important factor associated with 
HC-telated cirrhosis. Combinations of mutations in HAMP, 
HHF2, and TFR2°°'**'°"© have been associated with a more 
severe phenotype, but patients with this combination of muta- 
tions are rare. Polymorphic variants of BMP2 are also associated 
with higher penetrance of HFE-associated HC.'® In recent years 
next-generation gene sequencing studies have identified novel loci 
affecting iron homeostasis in individuals at risk of HC. These 
include known (such as HFE, SLC40A1, TF, TFR2, TFR1, and 
TMPRSS6) and novel iron-related genes (such as the aryl hydro- 
carbon receptor nuclear translocator 1 gene, ARNT7).'” A 
genome-wide association study using DNA collected from 474 
unrelated C282Y homozygotes identified the rs3811647 poly- 
morphism in the transferrin gene as the only SNP significantly 
associated with iron metabolism through serum transferrin and 
iron levels, indicating an indirect link between the rs3811647 
polymorphism and the phenotypic presentation of HFE-associated 
HC.'® More recently, in an exome sequencing study of DNA 
from male HFE C282Y homozygotes with different rates of iron 
accumulation 10,337 genes were tested for a difference between 
case participants and controls. A p.D519G variant in the glycero- 
nephosphate O-acyltransferase gene (GNPAT) showed the most 
significant association with severe iron overload.'® Yet this asso- 
ciation has not been confirmed in a different HC population.” 


Non-HFE-Associated Hemochromatosis 


TFR2-Associated Hemochromatosis 

HC that is associated with mutations in 7FR2 presents at an 
earlier age than HFE-related HC and the phenotype is usually 
more severe (see Table 60-4). Most patients already have symp- 
tomatic organ disease (liver disease, diabetes, cardiomyopathy) at 
the time of diagnosis. ‘7! Unlike HFE-related HC, this form strikes 
Caucasians and non-Caucasians. Apparently, the clinical appear- 
ance of 7TFR2-associated HC patients mimics that of HFE- 
associated HC—namely patients with high TS and SF level and 
low penetrance in premenopausal women!" (see Fig. 60-6). Some 
variability in clinical expressivity has been reported that may also 
depend on the underlying 7FR2 mutation that may have different 
effects on hepcidin expression and the resulting iron-loading 
phenotype. 


SLC40A1-Associated Hemochromatosis 

Patients with SLC40A1-associated HC (erroneously classified as 
nonclassic ferroportin disease, or ferroportin disease type B) 
present clinical manifestations identical to HFE-associated (or 
TFR2-associated) HC with high TF and SF levels, predominant 
hepatic parenchymal iron overload, and cirrhosis and organ failure 
in advanced cases (see Table 60-4). It is associated with SLC40A1 
mutations that prevent hepcidin inhibition and cause the unchecked 
iron-transfer activity by the transporter. As expected, and similarly 
to the other forms of HC, phlebotomy appears to be well tolerated 
and effective. 
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HAMP- and HFE2-Associated Hemochromatosis 
(Juvenile Hemochromatosis) 


‘These are the most severe forms of HC (see Table 60-4), known 
since the 1950s as juvenile hemochromatosis.” The first review of 
all published cases and the first description of the main clinical 
features of juvenile HC appeared in 1971.'”* The syndrome differs 
from the adult forms by the early onset, an almost equal ratio 
between the sexes, and greater frequency of cardiac and endocrine 
disturbances.'’*'”° The patient usually presents in the second to 
third decade with hypogonadism that manifests itself as primary 
infertility in the female patient and a dilated cardiomyopathy that 
often becomes refractory to treatment. The hepatic complications 
of iron overload in juvenile HC may not seem to be as common 
as in the case of hereditary HC but this may be simply because 
the clinical picture is dominated by endocrine and cardiac failure. 
However, the clinical diagnosis of juvenile HC is often coinciden- 
tal, relating to investigation of endocrine or cardiac abnormalities, 
including cardiac shock. Glucose intolerance is manifest in almost 
two thirds of patients, and there may be presentation due to 
arthropathy or skin changes. Iron liver disease in juvenile HC is 
similar to that of adult HC in that there is progressive iron loading 
of parenchymal cells with typical sparing of the reticuloendothe- 
lial system (see the section entitled “Suspecting and Diagnosing 
Hemochromatosis’). 


Acquired Hemochromatosis 


The pathogenic model of HC is based on genetic or functional 
loss of hepcidin. This also implies that a nongenetic cause that 
impairs the hepatic production of hepcidin or its activity may lead 
to an iron overload syndrome similar if not identical to HC (see 
Fig. 60-4). Whether or not this abnormality will only result in a 
marginal/transient iron accumulation in the liver or translate into 
a systemic hemochromatotic syndrome will depend on the extent 
and duration of hepcidin inhibition. During chronic liver dis- 
eases, pathogenic factors related to the underlying disorder may 
inhibit hepcidin. This is the case of alcohol abuse'’”'”* or chronic 
viral hepatitis,'””'* in which oxidative stress-related phenomena 
suppress hepcidin transcription. Epidermal growth factor and 
hepatocyte growth factor, which contribute to liver regeneration 
after injury, also suppress hepcidin.'*' Finally, gonadal hormones, 
particularly testosterone, have been reported to inhibit hepcidin 
transcription. Testosterone will inhibit hepcidin transcription 
through its interaction with the BMP-SMAD signaling and 
enhanced erythropoietin expression.'*'*’ All these factors, 
through hepcidin inhibition, can lead to excess iron accumulation 
that likely contributes to progression of the underlying hepatic 
disease but unlikely causes systemic iron perturbation and extra- 
hepatic iron overload. 

A different case is when the loss of hepcidin is massive and 
persistent. Marked liver iron overload resembling HC can be 
associated with end-stage liver disease due to loss of hepcidin- 
producing liver mass” (see Fig. 60-4). Seemingly, acute or sub- 
acute liver failure due to toxic or immune mediated insults—an 
illustrative example is the dramatic neonatal hemochromatosis 
syndrome associated with alloimmune gestational liver disease” — 
may be also contributed to by a loss of hepcidin function. Interest- 
ingly, in a recent study in patients with acute-on-chronic liver 
failure (ACLF) and multiorgan failure (MOF), serum iron and 
ferritin levels were markedly elevated, hepcidin levels were lower, 
and high TS correlated with poor outcome.” 
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e Fig. 60-7 Algorithm for the diagnosis and management of hemochromatosis. Different clinical sce- 
narios in which hemochromatosis can be suspected and the relevant diagnostic workup are shown (see 
the text for details). ALT, Alanine transaminase; AST, aspartate transaminase; FD, ferroportin disease; 
FPN, ferroportin; HAMP. hepcidin antimicrobal peptide; HC, hemochromatosis; HJV, hemojuvelin; /.O., 
iron overload; LB, liver biopsy; LIC, liver iron concentration; MRI, magnetic resonance imaging; S-Ft, 
serum ferritin; T/R2, transferrin receptor 2; TfSat, transferrin saturation. 


Suspecting and Diagnosing Hemochromatosis 


HFE-associated HC should be suspected in a middle-aged Cau- 
casian presenting with unexplained cirrhosis of the liver, bronze 
skin, diabetes and other endocrine failure, or joint inflammation 
and heart disease” (Fig. 60-7). A symptomatic untreated HC 
patient with such a clinical presentation invariably shows high 
rates of TS and high levels of SE and C282Y homozygosity in the 
HFE test. However, as discussed, this classic syndromic presenta- 
tion is rare (see Table 60-4). More and more patients are asymp- 
tomatic when identified through the HFE test. In such cases, 
C282Y homozygote management is guided by the SF concentra- 
tion. If the SF concentration is normal, follow-up once a year is 
sufficient. If the SF concentration is elevated (and is not explained 
by concomitant infections or other causes of nonspecific increase 
of ferritin concentration), diagnosis of HC is made and clinical 
full workup should be initiated (see Fig. 60-7). For the staging of 
liver fibrosis, liver biopsy should be considered in patients with 


an SF concentration exceeding 1000 ug/L, unless cirrhosis is 
obvious. 

As discussed, most common symptoms at presentation are 
nonspecific (fatigue, malaise, and arthralgia, and hepatomegaly) 
(see Fig. 60-7). If TS and SF level are both increased in these 
patients, HFE gene testing should be performed. TS has high 
sensitivity for an expressed HC and is usually elevated before iron 
overload develops (and SF level increases) in young HC patients. 
A usual TS threshold in screening studies is 45% in women and 
50% in men. If the patient is a C282Y homozygote, the diagnosis 
of HFE-related HC is confirmed. Before HFE was identified, HC 
was diagnosed on the basis of the results of liver biopsy and 
hepatic iron content and distribution (an approach introduced in 
the early 1950s). Today diagnosis can be made on the basis of 
HFE C282Y homozygosity and increased levels of TS and SE 
Although analysis of liver biopsy specimens is not required for 
diagnosis of HC in C282Y homozygotes, it might be used in 
certain cases to rule out the presence of hepatic fibrosis or cirrhosis 
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e Fig. 60-8 Liver pathology of hereditary hemochromatosis. Microphotographs of Perls’ Prussian 
blue-stained liver tissue from patients with hemochromatosis showing, regardless of the genetic cause, 
the typical hepatocellular iron deposits, the portocentral gradient, shown here in patients with HFE- 
associated and TFR2-associated hemochromatosis, and massive, panlobular iron overload in the juvenile 
HFE2-assocaited hemochromatosis form. The selective iron accumulation in hepatocytes is also appre- 
ciable in a SLC40A7-associated hemochromatosis because of gain-of-function SLC40A7 mutations 
(causing hepcidin resistance), as opposed to the Kupffer cell iron loading pattern of a patient with fer- 
roportin disease due to lack-of-function SLC40A71 mutations, shown in Fig. 60-10. 


(e.g., in patients who are homozygous for HFE C282Y, older than 
40 years, and with SF levels above 1000 ug/L, increased transami- 
nase levels, and hepatomegaly).'**'° In the presence of C282Y/ 
H63D or H63D/H63D genotypes, comorbidities (e.g., obesity, 
chronic alcohol consumption) must be considered first. Pure 
C282Y/H63D or H63D/H63D can present with increased iron 
levels and modest periportal hepatic iron overload, which can be 
reversed by phlebotomy. In the absence of these comorbidities, or 
if the iron abnormalities persist after these conditions have been 
effectively treated, tissue iron overload must be confirmed by liver 
biopsy or magnetic resonance imaging. In the absence of hema- 
tologic disorders or advanced cirrhosis (see the next paragraph), 
parenchymal iron overload is typical of TFR2- and SLC40AI- 
related HC (Fig. 60-8), which require gene sequencing for final 
diagnosis. 

Hemochromatosis can also be suspected during an unexplained 
finding of parenchymal iron overload on liver biopsy (see Fig. 
60-8). HC-related iron accumulation typically affects the hepato- 
cytes; Kupffer cells are usually spared until late stages of disease 
progression'”' (see Fig. 60-8, A). In patients displaying hepatic 
iron deposition in their liver biopsy, further diagnostic consider- 
ations depend on the cellular and lobular distribution of iron and 
on the presence or absence of associated findings.'”” Pure paren- 
chymal (i.e., hepatocellular) iron overload may be associated 
with a pretransfusion or non—-transfusion-dependent iron-loading 


anemia, such as thalassemia intermedia. Moreover, as discussed, 
end-stage cirrhosis may also lead to hepatocellular iron deposition 
because of reduced hepcidin output, but usually iron distribution 
is heterogeneous from one nodule to the next, and there are no 
iron deposits in fibrous tissues, biliary walls, or vascular walls. 
In the presence of pure parenchymal iron overload and negative 
HFE test findings, non—HFE-associated HC should be considered 
and investigated by gene sequencing (see Fig. 60-7). This is 
particularly true among non-Caucasian patients, because HFE- 
associated HC is extremely rare. Severe hepatic iron overload can 
also be caused by the hereditary disorders aceruloplasminemia and 
hypotransferrinemia or atransferrinemia (see Table 60-4). Both 
are extremely rare and can easily be distinguished from HC by 
their clinical features such as the neurologic manifestations 
in aceruloplasminemia and anemia in hypotransferrinemia or 
atransferrinemia (see the section entitled “Nonhemochromatotic 
Genetic Iron Overload”). 

In patients with pure nonparenchymal (Kupffer cell) iron over- 
load, the most common form of hereditary hyperferritinemia, 
so-called ferroportin disease, should be suspected (see later). 

Young patients with unexplained severe cardiac and endocrine 
disturbances may have juvenile-onset forms of HC (see Fig. 60-7). 
HAMP and HFE2 gene sequencing will confirm the diagnosis. 

Abnormal TS is a serologic hallmark of HC. Therefore in 
symptomatic patients with increased SF levels and normal TS, 
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e Fig. 60-9 A diagnostic algorithm for hereditary hyperferritinemia with normal transferrin saturation. 
In patients with unexplained hyperferritinemia and normal or low transferrin saturation (TS), cofactors and 


comorbidities associated with increased serum ferritin | 


evels (e.g., long-term alcohol consumption, meta- 


bolic disturbances or obesity, and inflammation) should be considered first. In the absence of these 
comorbidities or if a high serum ferritin level persists, the workup should focus on documenting an iron 
overload state by liver biopsy (LB) or magnetic resonance imaging (MRI). Depending on the pattern of 


iron distribution (e.g., preferential Kupffer cell, KC, iron 


overload) and/or accompanying symptoms (¢.g., 


severe anemia and/or neurologic disorders), ferroportin disease or other much rarer hereditary iron-loading 
diseases can be considered (see the text for details). DMT-1, Divalent-metal transporter 1. 


the workup should focus on other causes of hereditary hyperfer- 
ritinemia. First, common causes of hyperferritinemia, such as 
metabolic disorders, inflammation, and cancer, should be consid- 
ered (Fig. 60-9). If they are not found, or if the hyperferritinemia 
persists after treatment, the next step depends on whether or 
not the liver iron content is increased on magnetic resonance 
imaging or liver biopsy. If it is, hereditary non—HFE-related iron 
overload such as ferroportin disease can be considered. Depending 
on the accompanying symptoms, other rare causes of hereditary 
hyperferritinemia, such as atransferrinemia and aceruloplasmin- 
emia (see Fig. 60-9), should be considered. Elevated SF levels 
and normal TS in the absence of body iron accumulation have 
been reported in familial cases of autosomal dominant hyperfer- 
ritinemia cataract syndrome. "> 


Management 


Phlebotomy is the standard treatment for all forms of HC. It is 
safe and effective in removing iron from tissues and preventing 
complications, although for obvious ethical reasons this assump- 
tion has never been validated in controlled studies. Phlebotomy 
was first used to eliminate excess iron in patients with HC in 
1950, after being tested in experimental models and humans as a 
tool to study iron balance.'” There are still no evidence-based 
guidelines on the use of therapeutic phlebotomy. Systematic 


studies have never been conducted to determine when it should 
be started, how frequently it should be performed, or the target 
that should be aimed for. Treatment is conventionally initiated 
when SF levels exceed the normal range. 

The goal of phlebotomy during the iron-depletion stage is 
generally the induction of a mildly iron-deficient state. Weekly 
removal of one unit (400 mL to 500 mL) of blood (which con- 
tains approximately 200 mg to 250 mg of iron) can generally 
restore safe blood levels (reflected by SF levels below 20 ug/L to 
50 ug/L and a TS of less than 30%) within 1 to 2 years. Main- 
tenance therapy, which typically involves the removal of 2 units 
to 4 units per year, is then started to keep SF levels between 
50 ug/L and 100 ug/L, whereas iron deficiency with lower SF 
levels should be avoided because this may be associated with 
unnecessary symptoms or, paradoxically, lead to further hepcidin 
concentration depression and increased iron absorption. '”° Despite 
the nonspecificity, SF levels should always be monitored during 
phlebotomy. When possible, blood taken from patients with HC 
should be made available for transfusion. Many patients with 
HFE-associated HC will be rejected as donors for other reasons 
(e.g., abnormal liver function test findings, diabetes, medication 
use), but in the absence of these factors there is no good reason 
why their blood should not be transfused. If phlebotomy is con- 
traindicated because of severe anemia or cardiac failure or is poorly 
tolerated, other strategies can be considered, such as the use of 


iron chelators. In a phase 1/2 dose-escalation trial, the orally 
administered iron chelator deferasirox was reported to be safe 
(although at doses lower than those currently used in transfusion- 
dependent anemias) and effective in reducing SF levels in C282Y 
homozygotes.'”” 

Survival benefits of phlebotomy have never been evaluated in 
HC patients with confirmed C282Y/ C282Y genotypes, but 
studies conducted in the pre-HFE testing era on patients with 
clinically diagnosed HC who were treated with phlebotomy 
revealed clearly increased survival rates compared with that 
observed in historical series of patients who underwent inadequate 
phlebotomy or did not undergo phlebotomy.'”*'” In the absence 
of cirrhosis or diabetes, the life expectancy of treated HC patients 
is similar to that of the general population. Phlebotomy seems to 
improve transaminase levels, skin pigmentation, and hepatic 
fibrosis. Regression of biopsy-proven liver fibrosis has been 
reported in 13% to 50% of HC patients who underwent phle- 
botomy, and the best results are seen when baseline fibrosis 
is mild.’ Other features of the disease are unlikely to improve 
with iron depletion, joint pain in particular. HC-related hypogo- 
nadism, cirrhosis, destructive arthritis, and insulin-dependent 
diabetes are usually irreversible, but daily insulin requirements 
and elevated aminotransferase levels may be reduced and weak- 
ness, lethargy, and abdominal pain may be relieved by phlebot- 
omy. Erythrocytapheresis has been used but is more expensive 
than simple phlebotomy therapy. There is no evidence that 
patients may benefit from dietary iron restrictions. It is advisable 
to avoid oral iron therapy and alcohol abuse. Tea consumption 
has been shown to decrease intestinal iron absorption. 

End-stage liver disease and hepatocellular carcinoma secondary 
to HC are frequently treated by orthotopic liver transplant, but 
posttransplant survival rates in these cases are reduced compared 
with those of non—iron-loaded patients because of cardiac and 
infectious complications.” 

The keys to survival in HC are early diagnosis and prompt 
initiation of iron-depletion therapy. Genetic testing for the HFE 
C282Y polymorphism is a powerful tool for early diagnosis of 
HC, but the penetrance of this mutation is highly variable, so 
positivity alone does not indicate a disease state. This is the main 
argument against the use of genetic screening in the general popu- 
lation. However, biochemical and genetic screening should be 
considered in selected groups with a high prevalence of this poly- 
morphism (patients with liver disease, porphyria cutanea tarda, 
and/or chondrocalcinosis; HC family members; northern Euro- 
peans and their descendents). 


Nonhemochromatotic Genetic Iron Overload 


Ferroportin Disease 

In 1999, a non-HFE hereditary autosomal dominant iron over- 
load condition with typical reticuloendothelial iron deposits was 
described in a large family from southern Italy.” In the wake of 
the discovery of ferroportin, genome-wide screening procedures 
confirmed that the disease gene was SLC40A1, coding for ferro- 
portin, on 2q32.°” All patients were heterozygous for a c.230 
CA substitution resulting in the replacement of alanine 77 with 
aspartate. This was subsequently referred to as ferroportin disease.” 
As opposed to HFE-associated and non—HFE-associated HC, the 
pattern of inheritance of ferroportin disease is autosomal domi- 
nant (see Table 60-4 and Fig. 60-6). Therefore either parent carries 
the pathogenic mutation of SLC40A1 and presents with unex- 
plained hyperferritinemia. Numerous mutations of the SLC40A1 
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gene have been identified so far in families of French-Canadian, 
Melanesian, Thai, Asian, and European heritage.'’' Yet, a few 
common SLC40A1 mutations have been independently reported 
in different countries (e.g., p.V162del; p.A77D; p.G80S). Overall, 
these features make ferroportin disease the most common 
form of hereditary iron overload beyond HFE-associated HC. 
Ferroportin disease is caused by loss-of-function mutations in 
SLC40A1, These mutations impair iron export, particularly by 
reticuloendothelial macrophages. The result is an accumulation of 
iron in macrophages of the spleen, liver, and bone (reflected by 
high levels of SF). Parenchymal cells of these organs are largely 
spared (Fig. 60-10), but discrete hepatocytic iron deposits are also 
appreciable, because of defective SLC40A1 activity in hepatocytes, 
even at early stages.”’’ Clinical presentation appears heteroge- 
neous, but, overall, expressivity is milder than in classic HC and 
the associated liver disease is usually not as severe. Hypochromic 
anemia is common in young menstruating women. Although 
venesection is again the cornerstone of therapy, it may not be 
tolerated equally in all patients, and low TS with anemia may be 
rapidly established despite SF levels still being elevated." The 
disease must be suspected in any individual with unexplained 
hyperferritinemia, and must be investigated with serum iron 
studies and genetic testing, if available, of the immediate family. 
Abdominal magnetic resonance imaging is a useful noninvasive 
diagnostic tool to categorize and diagnose the disorder, as it can 
differentiate patients with classic ferroportin disease, characterized 
by liver, spleen, and bone marrow iron retention (see Fig. 60-10, 
C), from the rarer nonclassic form of SLC40A1-related iron load 
(i.e., SLC40A1-associated HC; see Fig. 60-8) associated with liver 
iron overload but normal spleen and bone marrow iron content” 


(see Fig. 60-10, D). 


Aceruloplasminemia 

Aceruloplasminemia was originally reported and is still mainly 
described in Japanese patients.” This rare autosomal recessive 
disease is due to mutations in the ceruloplasmin gene (CP) that 
cause iron overload in the liver and pancreas and progressive 
neurodegeneration.”””*”” Ceruloplasmin is a copper-containing 
ferroxidase synthesized by hepatocytes and catalyzes the oxidation 
of ferrous to ferric iron, this being necessary for the release of iron 
by ferroportin to plasma transferrin.”**'° Patients develop diabe- 
tes mellitus, retinal degeneration, ataxia, and dementia late in 
life.’ A mild-to-moderate degree of anemia with low serum iron 
and elevated SF levels is a constant feature, and the pattern of 
hepatic iron overload is reminiscent of hereditary HC, but fibrosis 
or cirrhosis are uncommon (see Table 60-4). The disease should 
be suspected in patients presenting with anemia, high SF levels, 
and neurologic involvement, and should be confirmed by brain 
magnetic resonance imaging showing typical iron accumulation 


in the basal ganglia and the thalamus. Iron chelators have been 
found to be beneficial.2!22 


Atransferrinemia/Hypotransferrinemia 

Autosomal recessive atransferrinemia was originally reported in a 
patient with severe hypochromic anemia and marked iron over- 
load’* and has since been described in very few families 
worldwide.” It is due to decreased iron delivery to the bone 
marrow for hemoglobin synthesis causing a severe microcytic, 
hypochromic anemia (see Table 60-4). The associated parenchy- 
mal cell iron overload in the liver, myocardium, pancreas, and 
endocrine glands likely results from increased intestinal iron 
absorption due to anemia. Biochemical hallmarks are high serum 
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e Fig. 60-10 The paradigmatic histopathology and magnetic resonance imaging patterns of ferro- 
portin disease. A, Microphotograph of Perls’ Prussian blue-stained liver tissue of a patient with ferroportin 
disease (G80S mutation) showing the typical, selective iron accumulation in Kupffer cells. B through D, 
T2-weighted gradient echo magnetic resonance imaging (MRI) sequences of a normal individual (B) and 
patients with ferroportin disease (C) or SLC40A7-associated hemochromatosis (D). As compared with a 
normal individual (B), a ferroportin disease A77D patient shows a darker MRI signal in the liver and, 
particularly, in the spine and the spleen, indicating marked iron accumulation in splenic and bone marrow 
macrophages (C). In contrast, in a patient with SLC40A7-associated hemochromatosis due to an 
SLC40A1 N144H mutation (D), as in all other forms of hemochromatosis, the spine and spleen show 


normal MRI signals (arrows). 


iron and SF levels but low total iron-binding capacity. Treatment 
includes combined infusion of fresh frozen plasma, and subse- 
quent phlebotomy or chelation therapy. 


Divalent-Metal Transporter 1 Deficiency 


DMT1 is the protein at the apical membrane of the duodenal 
enterocyte that transports iron (and other divalent ions) on reduc- 
tion to its ferrous state by the brush-border ferrireductase DcytB.™”" 
DMT1 also allows the iron to exit from the acidified endosomes. 
Autosomal recessive mutations of SLCI1A2 (which encodes 
DMT1) have been reported recently.”**”” All patients with 
DMTI deficiency present with severe hypochromic microcytic 
anemia at birth, increased TS with normal total iron-binding 
capacity, slightly elevated SF levels, and increased soluble transfer- 
rin receptor. All reported patients except one,” unlike the DMT1 
mutant animal models, presented with marked hepatic iron over- 
load. Patients appear to respond to erythropoietin.” ®?? 


Hereditary Iron-Loading Anemias With Inefficient 
Erythropoiesis or Altered Intracellular Iron Traffic 


The thalassemias, due to inherited defects of either the alpha 
globin chain or the beta globin chain of hemoglobin, are the most 
common single gene inherited disorder in the world.” Beyond 
the iron-loading effect of transfusions, ineffective erythropoiesis 


is a strong driver for increased iron absorption via inhibition of 
hepcidin synthesis. This leads to hepatic iron overload. This is 
especially evident in patients with thalassemia intermedia who 
present with marked parenchymal iron overload that mimics 
HFE-associated HC. Similar mechanistic phenomena may occur 
in the sideroblastic hereditary (and acquired) anemias character- 
ized by anemia with ringed sideroblasts in the bone marrow and 
iron overload.”*' 

A new class of iron-loading disorders due to iron maldistribu- 
tion within the cell has been identified recently (see Table 60-1). 
In X-linked sideroblastic anemia, due to mutations of the 
d-aminolevulinic acid synthetase 2 gene (ALAS2), the primary 
pathogenic event is excessive deposition of mitochondrial iron. 
Seemingly, in Friedreich ataxia,” an autosomal recessive, degen- 
erative disease that involves the central and peripheral nervous 
systems and the heart, a defect in iron-sulfur cluster assembly 
interferes with iron export from mitochondria. Patients seem to 
benefit from the use of iron chelators.” 


Porphyria Cutanea Tarda 

Porphyria cutanea tarda, the most common porphyria, is caused 
by a deficiency of uroporphyrinogen decarboxylase activity,” 
only in the liver, in the sporadic subtype (75% of cases), or in the 
familial subtype (25% of cases). It is an autosomal dominant 


disorder with early onset affecting both sexes.” In porphyria 
cutanea tarda, both a multigenic predisposition and environmen- 
tal risk factors are needed for clinical expressivity, when residual, 
hepatic uroporphyrinogen decarboxylase activity decreases below 
a threshold of approximately 25%. Photosensitive skin lesions, 
hepatic accumulation and urinary excretion of uroporphyrins, 
altered iron indices, and hepatic iron overload are the classic clini- 
cal features. Phlebotomy is effective in controlling symptoms and 
biochemical abnormalities.” A number of factors exacerbate the 
disease by interfering with uroporphyrinogen decarboxylase, such 
as alcohol abuse, estrogens, hepatitis C, and to a lesser extent, 
HIV infections and inheritanceofone or more HFE genotypes.” *”” 


Miscellaneous 


Bantu Siderosis 

African iron overload, also called Bantu siderosis,“ affects up to 
15% of adult males in rural societies. It was originally described 
in southern and central Africa.” Iron overload was first attributed 
to consumption of food or, more significantly, large quantities of 
traditional beer prepared in iron pots or drums.”*” A subsequent 
study hypothesized the concurrence of a genetic component,” 
and more recently an SLC40A1 polymorphism (Q248H) that is 
restricted to Africans and African-Americans has been considered 
as a candidate modifier*“**“” but no conclusive evidence has been 
provided so far. Regardless of a predisposing genetic trait, alco- 
holic beverages are a main factor leading to iron overload and liver 
disease in the southern Africa rural adult population. Members 
of that population may develop cirrhosis and hepatocellular 
carcinoma.” ° 


Alloimmune (Neonatal) Hemochromatosis 

Neonatal HC is a severe neonatal disease characterized by abor- 
tion or neonatal liver failure in the antenatal or early neonatal 
period, usually within a period of hours to days after delivery.“ 
Intrauterine growth retardation and, often, associated placental 
edema and either oligohydramnios or polyhydramnios are 
common. The prevailing presentation is jaundice with coagulopa- 
thy, hypoglycemia and hypoalbuminemia, and a high SF level. 
Thus diagnosis is made after exclusion of other causes of liver 
failure and may be confirmed by salivary gland biopsy, which 
demonstrates excess iron, and magnetic resonance imaging, which 
typically shows iron deposition in the liver, pancreas, and heart 
but with sparing of the spleen.” Various theories have been 
proposed to explain the cause of neonatal HC.” There is a high 
rate of recurrence if a mother had a previous pregnancy compli- 
cated by neonatal HC, and occasionally it has also been docu- 
mented in consanguineous families, which has been considered 
support for neonatal HC being a genetic disease. However, a 
candidate gene has not yet been identified. On the contrary, an 
alloimmune mechanism for the disease has recently been postu- 
lated.” Neonatal HC may represent the phenotypic expression 
of gestational alloimmune fetal liver disease induced by the pla- 
cental passage of a specific reactive immunoglobulin G and 
involving the activation of fetal complement by the classic 
pathway leading to the formation of the membrane attack 
complex as the effector of cell injury. Pan et al.” found that the 
percentage of hepatocytes containing antiterminal complement 
cascade neoantigens involved in membrane attack complex for- 
mation in neonatal HC was much greater than that in non- 
neonatal HC liver disease. In this vein, high-dose intravenous 
immunoglobulin therapy for the mother appears to significantly 
increase survival of newborns,”' and high-dose intravenous 
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immunoglobulin therapy, with or without exchange transfusions, 
for newborns achieved a good outcome in 75% of cases compared 
with 17% in historical controls not treated with intravenous 
immunoglobulin therapy.””’ The prognosis of neonatal HC is 
extremely poor. Antioxidant therapy and chelation appear to be 
of limited value, and although liver transplant has been identified 
as a viable therapeutic option, there may be reaccumulation of 
hepatic iron.” 


Conclusion 


Fighting pathogens and avoiding starvation have been major chal- 
lenges for human evolution.’ Hepcidin, a small hormone peptide 
produced by the liver, originally evolved as part of innate immu- 
nity to fight the iron piracy of pathogens and was strategically 
placed at the center of a defensive system aimed at retaining iron 
during infection. In the early days, human genetics was also opti- 
mized to store energy and micronutrients and to avoid starvation, 
and this genetic makeup has remained largely the same today, in 
the modern setting of caloric excess. A genetic disposition for 
increasing body iron stores (i.e., a thrifty genetic makeup to save 
iron) may have been evolutionarily advantageous for individuals 
with a low-hepcidin phenotype who could form iron reserves and 
survive in iron-poor environments, but it may expose them now 
to high risk of iron overload in a context of iron repletion.’ This 
is the case for carriers of the HFE C282Y polymorphism, who 
may once have been protected but when exposed to lifestyle and 
dietary habits (e.g., alcohol) that favor iron accumulation are now 
at risk of developing an iron-overload disease (e.g., HC). In addi- 
tion, considering that HFE is by nature a major histocompatibil- 
ity class I-like protein and that it is highly expressed in 
macrophages, we cannot exclude that it might also exert some still 
elusive immunological activity and play a role in host defense 
against pathogens. Therefore individuals with HFE variants might 
have additional evolutionary advantages over the population 
favoring positive selection and mutation spreading. 

The new notion that hepcidin is the central hormone in HC 
has shed new light on the pathogenesis of the different forms of 
the disease, which, regardless of the gene involved, all present the 
same basic defect, biochemical and clinical manifestations, and 
therapeutic approach. In the future, diagnosis and therapy could 
also benefit from these advances. The notion that deficiency may 
contribute to the dysregulation of iron homeostasis in HC raises 
the possibility that hepcidin-enhancing agents may be an effective 
strategy for curing the disease. Minihepcidins,”’ TMPRSS6 
inhibitors,” and BMP6””* have already shown some potential 
in preclinical settings and have provided a proof of the concept 
that modulators of the BMP-SMAD pathway can cure experi- 
mental HC. It is anticipated that phlebotomy will remain for a 
long time the standard treatment for HC, but in the future, if 
phlebotomy is contraindicated or impracticable, a hormone- 
replacement therapy, as in the case of diabetes, could also be 
considered for HC. 
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o,-Antitrypsin Deficiency 


DAVID PERLMUTTER 


ABBREVIATIONS 


Q,AT o1-antitrypsin 

ER endoplasmic reticulum 

IL interleukin 

MPT mitochondrial permeability transition 
PBA 4-phenylbutyric acid 

SERPIN serine protease inhibitor 

SNP single nucleotide polymorphism 


Introduction 


,-Antitrypsin (QAT) deficiency is an autosomal codominant 
disorder associated with premature development of pulmonary 
emphysema, chronic liver disease, and hepatocellular carcinoma. 
A point mutation results in a protein that is misfolded and 
retained in the endoplasmic reticulum (ER) of liver cells rather 
than secreted into the blood and body fluids. The misfolded 
mutant protein is also prone to polymerization within the ER. 
Loss of function permits uninhibited proteolytic destruction of 
the connective tissue matrix of the lung, ultimately leading to 
emphysema. Cigarette smoking exacerbates the development of 
emphysema because residual AT molecules are functionally 
inactivated by the increased load of active oxygen intermediates 
that are produced by smokers’ alveolar macrophages. In contrast, 
liver disease results from a gain-of-toxic function mechanism 
whereby the retention of mutant AT in liver cells somehow 
triggers a series of events that lead to liver injury and a predilection 
for hepatocellular carcinoma. Although it is the most common 
genetic cause of liver disease in children, clinically significant liver 
disease appears to affect a subgroup of homozygotes during the 
first 3 decades of life, an observation that has provided the basis 
for the notion that genetic modifiers and environmental factors 
play a role in susceptibility to and/or protection from liver disease 
in 0AT deficiency. Recent observations suggest that liver disease 
affects more adults with o&,AT deficiency than previously recog- 
nized and that adults with pulmonary emphysema may also be 
affected by liver disease. Although liver transplantation is the only 
effective treatment available for the liver disease caused by o1,AT 
deficiency, there are several attractive new concepts for chemopro- 
phylaxis and treatment of this liver disease. 


Epidemiology 


The incidence of AT deficiency is 1 in 3000 live births in most 
populations that have been carefully studied.’ Most of the studies 
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of lung and liver disease in this population have been biased in 
ascertainment because they involve patients referred to specialty 
clinics. The only unbiased study comes from nationwide screening 
of all newborns in Sweden in the 1970s.*’ More than 200,000 
newborns were screened and 127 homozygotes for the @,AT Z 
alleles were identified; most of these individuals have now been 
followed for almost 30 years. The results show that only 14 of 
these individuals (11%) had prolonged obstructive jaundice in 
infancy, and only 9 (7%) have developed clinically significant liver 
disease. Of the remaining 0,AT-deficient population, 85% have 
shown persistently normal transaminase levels as they have aged. 
Liver biopsies have not been done in this study and therefore it 
is not known whether some of these seemingly unaffected indi- 
viduals have subclinical histologic abnormalities and will develop 
clinical signs of liver disease as they reach the fourth and fifth 
decades of life. Furthermore, we now know that liver disease may 
be first diagnosed in adults, with the peak age range being 50 to 
65 years of age. Thus it is likely that the proportion of affected 
homozygotes that develop liver disease is higher than 7% but 
certainly many completely escape clinical manifestations of liver 
disease. Although it is widely believed that lung disease affects a 
higher percentage of homozygotes,’ a valid determination of inci- 
dence will not be possible until the Swedish prospective cohort 
reaches the peak age range for emphysema, 40 to 60 years of age. 


Pathogenesis 
As the archetype of the serine protease inhibitor (SERPIN) family, 


o,AT mainly functions as a blood-borne inhibitor of destructive 
neutrophil proteases, including elastase, cathepsin G, and protein- 
ase 3. QAT is predominantly derived from parenchymal liver 
cells, constituting the most abundant glycoprotein secreted by 
the liver. &,AT is also considered a positive acute-phase reactant 
because its plasma concentration increases during the host 
response to inflammation/tissue injury. 

The classic deficiency mutant O,ATZ is characterized by a 
point mutation that results in the substitution of lysine for gluta- 
mate 342 and by itself accounts for defective secretion. The 
mutant &,ATZ molecule is misfolded and retained in the ER of 
liver cells (Fig. 61-1). Furthermore, misfolded &,ATZ is unstable 
as a monomer and is prone to polymerization.’ Polymers have 
been detected by electron microscopy in hepatocytes of a liver 
biopsy specimen from an 0,AT-deficient individual’ and by 
sucrose density gradient centrifugation in transfected cell lines 
that express mutant 0,ATZ.’* Although initial studies suggested 
that polymerization involved a “loop-sheet” insertion mechanism, 
more recent studies have provided strong evidence for a more 
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¢ Fig. 61-1 Secretory defect in «AT deficiency. The mutant o,AT protein is retained in the endoplasmic 
reticulum, whereas another hepatic secretory protein, complement factor B, is distributed throughout the 
secretory pathway and is efficiently secreted. œAT, o,-Antitrypsin; ER, endoplasmic reticulum. (Repro- 
duced from Perlmutter DH. Alpha-1-antitrypsin deficiency. In: Walker WA, et al, editors. Pediatric gastro- 
intestinal disease. Philadelphia: BC Decker, 1991:979. Used with permission.) 


conventional “domain-swapping” mechanism.”'' Lomas et al. 
have argued that polymerization of &,ATZ is responsible for its 
retention in the ER.” The strongest evidence supporting this 
theory is derived from studies showing partial correction of the 
secretory defect by insertion of a second mutation into «ATZ 
that suppresses polymerization.'*'* However, those studies do not 
exclude the possibility that there is an abnormality in folding that 
is distinct from the tendency to polymerize and that is also par- 
tially corrected by the second, experimentally introduced muta- 
tion. Other studies militate against the concept that polymerization 
is the cause of ER retention. First, naturally occurring variants of 
OAT with truncated carboxyl-terminal tails are retained in the 
ER of liver cells even though they do not form polymers.”* 
Second, only a minor proportion (approximately 15%) of the 
intracellular pool of &,ATZ at steady state in model cell lines is 
in the form of polymers.’* Third, structural information that led 
to the domain-swapping mechanism of polymerization predicts 
that alteration in folding of &,ATZ precedes polymerization.’ 
Thus most of what we know indicates that misfolding is the 
primary defect that leads to retention in the ER. As it accumulates 
in the ER of liver cells, polymers of o,ATZ form as a secondary 
effect and eventually the polymers become insoluble. Even though 
it might not cause the retention and accumulation, the formation 
of polymers in that intracellular compartment appears to have a 
specific impact on how the liver cell responds and, moreover, to 
dictate the pathobiology of liver inflammation, fibrosis, and car- 
cinogenesis, as described later in this section. 

There is relatively limited information about how accumula- 
tion of mutant &,ATZ in the ER leads to liver injury by a gain- 
of-toxic-function mechanism. One series of studies has shown 
that liver from ,AT-deficient patients is characterized by signifi- 
cant mitochondrial injury and mitochondrial autophagy, as well 


as activation of caspase-3 and caspase-9.'”'® Studies in the PiZ 
mouse model also showed activation of the ER-localized caspase, 
caspase-12, and BAP31, an ER protein that mediates direct inter- 
actions between ER and mitochondria that are proapoptotic.” 
Furthermore, treatment of the PiZ mouse model with cyclosporin 
A, which inhibits the mitochondrial permeability transition 
(MPT) pore, resulted in diminished hepatic mitochondrial injury 
and caspase activation, and improved survival.’ However, mito- 
chondrial dysfunction probably has mostly a cytostatic effect in 
the liver because apoptosis, necrosis and inflammation are not 
major pathologic characteristics of the liver in &,AT deficiency. 

Indeed, the dominant pathologic features of &,AT deficiency 
in the liver are fibrosis/cirrhosis and carcinogenesis, but how the 
proteinopathy leads to hepatic fibrotic and carcinogenic responses 
is also not well understood. Genomic analysis of a mouse model 
with inducible expression of mutant 0,ATZ, ideal for elucidating 
signal transduction pathways that are activated by intracellular 
accumulation of the misfolded protein, identified a relatively rich 
network of downstream targets of the TGFB pathway, including 
up-regulation of connective tissue growth factor (CTGF).'* The 
TGEB pathway and CTGF have been previously implicated in 
the hepatic fibrotic response.'””° Activation of the NF«B signaling 
pathway is an important and specific effect of hepatic 0,ATZ 
accumulation,” and this pathway has also been implicated in 
hepatic fibrosis.*' The mechanism of the fibrotic response in the 
liver in & AT deficiency is likely to have overlapping characteris- 
tics with other proteinopathies because the fibrotic response is 
seen in the lung in proteinopathies of the respiratory epithelial 
cells, in the heart when proteinopathy occurs in cardiomyocytes, 
and in the skeletal muscle in myocyte proteinopathies.””” 

One of the most important pathologic signatures of intracel- 
lular accumulation of O&,ATZ is activation of the autophagic 
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e Fig. 61-2 Autophagosomes in (A) normal and (B) «,AT-deficient liver cells. In the normal liver cell, 
stress, such as starvation, leads to induction of vacuolar membranes, formation of an autophagosome 
that envelops cytoplasm and organelles, docking and fusion of the autophagosome with lysosome, and 
breakdown of its contents within the lysosome. In the ,AT-deficient cell, accumulation of mutant a,ATZ 
in the endoplasmic reticulum (ER) leads to induction of vacuolar membranes and pinching-off of ER to 
form autophagosomes. (Adapted from Klionsky DJ, Emr SD. Autophagy as a regulated pathway of cellular 
degradation. Science 2000;290:1717-1721. Used with permission.) 


response. Autophagy is a ubiquitous, highly conserved cellular 
mechanism by which senescent and/or denatured constituents in 
the cytoplasm and intracellular organelles or whole organelles are 
sequestered from the rest of the cytoplasm within newly formed 
vacuoles that then fuse with lysosomes for degradation (Fig. 61-2). 
It is believed to be a mechanism for turnover of cellular constitu- 
ents during nutritional deprivation, stress states, morphogenesis, 
differentiation, and aging. Our previous studies have shown that 
ER retention of &,ATZ is a powerful stimulus for the autophagic 
response.'””°*” A marked increase in autophagosomes has been 
observed in several different model cell lines genetically engi- 
neered to express &,ATZ, including human fibroblasts, murine 
hepatoma, and rat hepatoma cell lines.” Moreover, in a HeLa cell 


line engineered for inducible expression of @,ATZ, autophago- 
somes appear as a specific response to the expression of ATZ 
and its retention in the ER. There is a marked increase in autopha- 
gosomes in hepatocytes in transgenic mouse models of o,AT 
deficiency and a disease-specific increase in autophagosomes in 
liver biopsies from patients with the deficiency.” Autophagy 
clearly plays a major role in disposal of the mutant &,ATZ mol- 
ecule, as demonstrated in autophagy-deficient mammalian cell 
lines” and yeast strains.” Indeed, in yeast it appears that the 
autophagic pathway is specialized for disposal of the insoluble 
forms of &,ATZ that accumulate at higher levels of expression.” 
Kruse et al. have discovered that a mutant subunit of fibrinogen 
that aggregates in the ER of liver cells in a rare inherited form of 


fibrinogen deficiency depends on autophagy for disposal.” Inter- 
estingly, this type of fibrinogen deficiency is associated with 
chronic liver disease, providing evidence both for the concept that 
the accumulation of aggregation-prone protein in the ER is hepa- 
totoxic and for the notion that autophagy is particularly special- 
ized for disposal of insoluble mutant proteins. The autophagic 
pathway is also specifically and selectively activated by accumula- 
tion of &,ATZ in the ER. This has been definitively determined 
by breeding the Z mouse model, which has hepatocyte-specific 
inducible expression of Q,ATZ, with the GFP-LC3 mouse, 
which renders autophagosomes fluorescent (LC3 is an autopha- 
gosomal membrane-specific protein). Although green fluores- 
cent autophagosomes are seen in the liver of the GFP-LC3 mouse 
only after starvation, they were observed in the liver of the Z x 
GFP-LC3 simply by inducing expression of the o,ATZ gene.” 
This effect appears to be specifically elicited by the polymerizing 
properties of o,ATZ because autophagy is not activated when the 
nonpolymerogenic Saar variant of o,AT accumulates in the ER 
of liver cells. Thus the autophagic pathway is activated when 
insoluble o,ATZ accumulates in the ER and then it plays a critical 
role in disposing of the insoluble o,ATZ. 

There is also very little known about the pathogenesis of hepa- 
tocellular carcinoma in OAT deficiency. Studies by Rudnick 
et al.'° have suggested an interesting hypothesis for hepatocellular 
hyperproliferation. Using bromodeoxyuridine labeling in the PiZ 
transgenic mouse model of 04,AT deficiency, these authors dem- 
onstrated an increase in proliferation of hepatocytes in the liver 
of these mice under resting conditions, and this increase is pro- 
portional to the amount of ©, AT that has accumulated in the ER 
in globules. However, the cells that proliferate are the ones that 
do not have the globules. Furthermore, in two different transgenic 
mouse models of &,AT deficiency the number of globule-devoid 
hepatocytes, and the area of the liver occupied by globule-devoid 
hepatocytes, increase with age and this is the area where carcino- 
mas arise.’ Hepatocellular carcinomas in @,AT-deficient 
patients are often negative for &,AT-staining globules and are 
surrounded by nontransformed hepatocytes that contain 0,AT 
globules.” Taken together, these observations suggest that hepa- 
tocytes that have accumulated significant &,AT and have formed 
globules are sick but not dead, that globule-devoid hepatocytes 
therefore have a selective proliferative advantage, and, most 
importantly, that carcinomas evolve in the globule-devoid hepa- 
tocytes because they are chronically stimulated to regenerate in 
an injury milieu by signals generated from the sick, globule- 
containing hepatocytes. This theory for the mechanism of hepa- 
tocellular hyperproliferation has been supported by the results of 
experiments in which normal hepatocytes are transplanted into 
the PiZ mouse model.” Transplanted normal hepatocytes had a 
selective proliferative advantage that depended on the number of 
adjacent globule-containing hepatocytes. For instance, repopula- 
tion was greater in male PiZ mice because the males had signifi- 
cantly more globule-containing hepatocytes than female PiZ 
mice. It is interesting to note that hepatocellular carcinoma devel- 
ops with aging in male PiZ mice’ í and males with AT deficiency 
were disproportionately affected by hepatic cancer in the autopsy 
studies of Eriksson et al.” 

We believe that the NF«B signaling pathway plays an impor- 
tant role in the mechanism of hepatic carcinogenesis. This signal- 
ing pathway is dramatically activated when o,ATZ accumulates 
in the liver.” However, genomic analysis of the liver after con- 
trolled induction of &,ATZ expression demonstrated a relatively 
limited repertoire of downstream NF«B targets and not the full 
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repertoire that is seen with conventional inflammatory activation 
of this pathway. '* One of the target genes, early growth response 
Egrl, was markedly down-regulated and it is known to be a 
transcriptional activator of hepatocyte regenerative activity.” 
This could mean that NFKB signaling leads to decreased Egr1 
expression and relatively decreased proliferation of globule- 
containing hepatocytes as the first step in the process that leads 
to carcinogenesis. 

Even though polymerization per se is not the primary cause of 
the proteinopathy, there are several lines of evidence that the 
pathway to polymerization plays a significant role in the hepatic 
pathologic effects of the proteinopathy, including fibrosis, 
deranged hepatocellular proliferation and autophagy. First, all of 
the AT alleles that have been associated with liver pathology 
appear to have the capacity to form polymers. Second, polymero- 
genic variants of another serpin that is expressed in neurons, 
neuroserpin, cause a neuronal degenerative disease.” Third, liver 
damage occurs very similarly in another genetic disease, inherited 
hypofibrinogenemia, associated with accumulation of fibrinogen 
polymers and aggregates in the endoplasmic reticulum of liver 
cells.” Interestingly, liver disease has not been described for poly- 
merogenic variants of other serpins, such as C1 inhibitor,” but 
this may be explained by the fact that these serpins are expressed 
at much lower levels than o,AT. 

It is very important to point out, however, that we have no 
evidence that it is the &,ATZ polymers themselves that are directly 
toxic to liver cells. It is still possible that other forms of &,ATZ 
that accumulate in liver cells, such as monomeric misfolded 
O,ATZ or soluble ,ATZ oligomers or even a combination of 
misfolded monomers and polymers, are responsible for the cyto- 
toxic effects. This means that polymerization could be a process 
that is associated with the generation of a toxic intermediate and, 
if that is the case, it would represent a very reliable marker for 
some toxic misfolding event. It is even possible that polymeriza- 
tion is itself a mechanism for protecting cells from toxic misfolded 
o,ATZ and always occurs when toxic misfolding is present but in 
some cases is insufficient to provide the necessary protection. In 
studies of another proteinopathy, Alzheimer’s disease, there is 
evidence suggesting that soluble oligomers of amyloid-B peptide 
are toxic to neurons” whereas aggregates, and particularly denser 
aggregates, are protective.“ Further studies of this issue will be 
very important for determining novel treatment strategies in the 
future. 

To address the question of how a subpopulation of o,AT- 
deficient individuals becomes susceptible to liver disease and how 
the remainder of the population is apparently protected from liver 
disease, in the early 1990s the following hypothesis was intro- 
duced: genetic modifiers or environmental factors that affect the 
fate of the ATZ molecule once it accumulates in the ER or the 
protective cellular response pathways activated by accumulation 
of o,ATZ in the ER play an important role in determining sus- 
ceptibility to liver disease. This hypothesis was validated by a series 
of experiments in which the fate of &,ATZ in skin fibroblast cell 
lines from deficient individuals with liver disease (susceptible 
hosts) was compared with its fate in skin fibroblast cell lines from 
deficient individuals without liver disease (protected hosts) after 
expression was established in each by stable gene transduction 
techniques.“ The results showed that 0,ATZ was retained in the 
ER in each case, but it was degraded more efficiently in cell lines 
from the protected hosts (Fig. 61-3). Recently, these results were 
confirmed by investigating the same question in human-induced 
pluripotent stem cells from patients with o,AT deficiency, showing 
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e Fig. 61-3 Fate of mutant o,ATZ in liver cells from protected and susceptible hosts. In the susceptible 
hosts, there is a subtle block in endoplasmic reticulum (ER) degradation of o,ATZ or cellular protective 
responses to a,ATZ. RER, Rough endoplasmic reticulum; UPR, unfolded protein response. 


increased rate of degradation in patients who do not have liver 
disease.“ 

The mechanisms for the degradation of mutant &,ATZ once 
it has accumulated in the ER are very complex. There appear 
to be ubiquitin-dependent® and ubiquitin-independent protea- 
somal pathways,“ as well as nonproteasomal pathways, involved. 
The proteasome is part of a pathway for degradation that has 
been termed ERAD (ER-associated degradation) and involves a 
mechanism by which proteins that are destined for disposal are 
translocated retrograde from the ER to the cytoplasm. At least 
two nonproteasomal pathways, autophagy” and a pathway that 
involves transit to the ¢rams-Golgi and then targeting to the lyso- 
some are involved.” Genetic modifiers that affect the function 
of any of these pathways would theoretically increase susceptibil- 
ity to liver disease. Indeed, a single nucleotide polymorphism 
(SNP) in the downstream flanking region of the gene for ER 
mannosidase I has been implicated in early-onset liver disease 
among 01,AT-deficient individuals.“° Because the SNP reduces 
the expression level of the mannosidase,“° and it has recently been 
shown to play a role in ERAD,” this polymorphism represents 
a good example of a genetic modifier that would predispose to 
liver disease in OAT deficiency according to our hypothetical 
paradigm. However, this SNP was not identified as a statistically 
significant modifier in another population, and so further epi- 
demiologic studies are needed to determine if this SNP is truly 
affecting liver disease susceptibility. In another study, an SNP in 
the upstream flanking region of the AT gene itself has been 
implicated in liver disease susceptibility.” However, this study 
could have led to an entirely different conclusion with a legitimate 
alternative way of classifying one of the patient groups. 

The protective cellular response pathways that are activated by 
ER retention of mutant 0,ATZ could also be the target of genetic 
modifiers. The autophagic response is certainly one of these.” 
Indomethacin could represent an environmental modifier of liver 


disease in OAT deficiency. In one study, indomethacin adminis- 
tration to the PiZ mouse model resulted in increased hepatic 
o,ATZ accumulation and hepatocyte injury.” The effect of indo- 
methacin appeared to involve increased expression of 0,AT at the 
transcriptional level via interleukin-6 (IL-6) signaling. 


Clinical Features 


In many cases this liver disease first becomes apparent at 4 to 8 
weeks of age because of persistent jaundice (Table 61-1). Conju- 
gated bilirubin and transaminase levels in the blood are mildly to 
moderately elevated. The liver may be enlarged, but symptoms, 
signs, or laboratory abnormalities that suggest significant liver 
injury are rarely present. It is very difficult to clinically differenti- 
ate these infants from infants affected by many other causes of 
neonatal liver disease, including infections, metabolic diseases, 
and even the destructive hepatobiliary lesions of biliary atresia; 
therefore AT deficiency is usually considered one of the causes 
of a broad diagnostic category termed neonatal hepatitis syndrome. 
Occasionally, the diagnosis will be discovered in a newborn with 
bleeding symptoms, such as hematemesis, melena, bleeding from 
the umbilical stump, or bruising.” In some cases there may be 
cholestatic manifestations including icterus, pruritus, and labora- 
tory abnormalities, such as hypercholesterolemia. Indeed, this 
subgroup of 04,AT-deficient infants may have severe biliary epi- 
thelial cell damage and even paucity of the intrahepatic bile ducts 
detected in their liver biopsies.” 04AT deficiency rarely manifests 
with severe progressive liver disease in the first year of life.” 

The liver disease of &,AT deficiency may also be diagnosed 
later in childhood because of asymptomatic hepatomegaly, ele- 
vated levels of transaminases detected incidentally, or jaundice 
that develops during an intercurrent illness. Finally, this disease 
can first present in childhood, adolescence, or adult life with 
complications of portal hypertension, including splenomegaly, 
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Diagnostic features 


hypersplenism, gastrointestinal bleeding from varices, ascites, 
and/or hepatic encephalopathy (see Table 61-1). It should be part 
of the differential diagnosis in any adult patient with chronic liver 
disease, cryptogenic cirrhosis, or hepatocellular carcinoma. An 
autopsy study done in Sweden suggested that as many as 25% of 
o,AT-deficient men who die between the ages of 40 and 60 have 
evidence of liver inflammation, necrosis, and/or carcinoma.” 
The natural history of liver disease in AT deficiency is quite 
variable. Most infants who present with prolonged jaundice are 
asymptomatic by the time they reach 1 year of age. In the majority 
of these cases there is no further evidence of liver disease for many 
years. Because this diagnosis has only existed for approximately 
35 years, it is not yet clear what proportion of these individuals 
progress to develop liver disease and/or hepatocellular carcinoma. 
The only prospective data on the course of OAT deficiency are 
available from the Swedish nationwide screening study started by 
Sveger in the early 1970s.” In that study, 200,000 newborn infants 
were screened and 127 were found to have the classical form of 
OAT deficiency. Of the 127 affected patients, 14 had prolonged 
obstructive jaundice and 9 of these 14 had clinically significant 
liver disease. Another 8 of the 127 had hepatomegaly with or 
without elevated bilirubin or transaminase levels. Approximately 
50% of the remaining population had elevated transaminase levels 
alone. The long-term outcome for these infants was last published 
when their mean age was 30 years.’ There has been no evidence 
for the development of clinically significant liver disease in any of 
the patients since the first year of life. This indicates that only 8% 
of the population have encountered clinically significant liver 
disease to date. Of the remaining population of a,AT-deficient 
children identified in this cohort, 85% showed persistently normal 
transaminase levels as they aged. Liver biopsies have not been 
conducted in this study and therefore it is not known whether 
some of these seemingly unaffected individuals have subclinical 
histologic abnormalities and will develop clinical signs as they 
reach the fourth and fifth decades of life. There is evidence that 
adults develop liver disease from the deficiency more frequently 
than previously recognized. Over the past 2 decades, there has 
been an increase in the number of adults undergoing liver trans- 
plantation for the diagnosis of AT deficiency. Indeed, from 
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2005 to 2015, 85% to 90% of all liver transplant procedures 
carried out in the United States for OAT deficiency were in 
adults, typically between the ages of 50 to 65. 

Even patients with severe liver disease caused by AT defi- 
ciency may have a stable or relatively slowly progressing course. 
In one retrospective review of a pediatric hepatology service, 9 of 
17 patients with 0AT deficiency and cirrhosis or portal hyperten- 
sion, or both, had a prolonged, relatively uneventful disease course 
for at least 4 years after the diagnosis of cirrhosis or portal hyper- 
tension was made.” Two of these patients eventually underwent 
liver transplantation, but seven were leading relatively healthy 
lives for as long as 23 years while carrying a diagnosis of severe 
OAT deficiency—associated liver disease. 

It has not yet been possible to identify specific clinical and/or 
laboratory signs that can be used to predict a poor prognosis for 
liver involvement in AT deficiency. Results of one early study 
suggested that persistence of hyperbilirubinemia, development of 
hard hepatomegaly or splenomegaly, and progressive prolongation 
of the prothrombin time were indicators of poor prognosis.” In 
another study, elevated transaminase levels, prolonged prothrom- 
bin time, and lower trypsin inhibitory capacity correlated with a 
worse prognosis.” In my experience, the first definitive evidence 
of poor prognosis is typically a complication that affects the 
overall life functioning of the patient. 

It is still unclear whether heterozygotes for the classical form 
of a, AT deficiency are predisposed to liver disease. Early studies 
of liver biopsy collections suggested that there was a relationship 
between heterozygosity and the development of liver disease.” 
This has been confirmed by later studies of liver biopsy collections. 
In particular, the liver biopsies from patients who have undergone 
liver transplantation show a higher-than-expected prevalence of 
heterozygosity for the classic form of OAT deficiency without 
another diagnostic explanation for severe liver disease.” However, 
these studies and others like them have an inherent bias in ascer- 
tainment. In another cross-sectional case-control study, the MZ 
phenotype was not increased in chronic liver disease versus con- 
trols, but it was higher in prevalence in patients with more severe 
liver disease from other causes.” In another retrospective study, 
8.2% of patients who underwent liver transplantation were MZ 
heterozygotes compared to historic control rates of 2% to 4% for 
the general population. MZ heterozygotes were not found in 
another study that reviewed 80 consecutive cases of cryptogenic 
cirrhosis and chronic active hepatitis.“ In our experience, severe 
liver disease occurs in some MZ heterozygotes in which no other 
known cause of liver disease can be identified. Furthermore, a 
number of adults with the MZ phenotype undergo liver trans- 
plantation each year. In a review of liver transplants at the Uni- 
versity of Pittsburg Medical Center (UPMC) from 1991 to 2012, 
QAT phenotypes were carried out on 89 patients with pathologic 
features of &,AT deficiency, and 44 of these were MZ heterozy- 
gotes (unpublished data). Furthermore, our conceptual model 
for the pathogenesis of liver disease in ZZ homozygotes is consis- 
tent with the prediction that some MZ heterozygotes, who also 
have one or more particularly powerful negative genetic and/or 
environmental modifiers, would have increased susceptibility to 
liver damage from a lesser degree of proteinopathy. 

Liver disease occurs in individuals with 0AT allotypes other 
than the homozygous 0,ATZ allotype. Compound heterozygotes 
for the S and Z allele have a risk of liver disease that is similar to 
ZZ homozygotes.’ The Swedish screening/cohort study identified 
39 SZ compound heterozygotes, and 4 of these had elevated 
serum transaminases (10%), compared with 4 out of 89 subjects 
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with the ZZ allotype (5%).’ Patients with the SZ allotype were 
found to represent 4% of pathology-confirmed adult cases of 
0,AT deficiency in our study of the UPMC liver transplant data- 
base from 1991 to 2012 (unpublished data). Data from three liver 
transplant centers from 1987 to 2012 indicated that 50 ZZ and 
23 SZ adults had undergone liver transplantation.” Liver disease 
in individuals with the SZ allotype is likely to be related to 
accumulation of misfolded protein in the intracellular secretory 
compartments because the S variant is known to be prone to 
intracellular accumulation, albeit to a milder extent than the Z 
variant.” Another variant that misfolds and polymerizes, o&,AT 
Mmao“ has been associated with liver disease.” The variant 
Siiyama Which has a tendency for misfolding and polymerization, 
was reported in a patient with emphysema and hepatocyte inclu- 
sions, but the patient did not manifest clinical liver disease.” The 
W variant was reported in three consanguineous children homo- 
zygous for the allele, two of whom died during infancy of severe 
liver disease. Another variant, Yorzinuovi [Pro391His], associ- 
ated with reduced serum 0,AT levels and an increased tendency 
to form intracellular polymers with increased intracellular accu- 
mulation, was recently reported.” The patient was 46 years old 
and had a 10-year history of elevated serum transaminases, but 
there was no further characterization of the liver involvement, and 
no indication as to whether the patient had been evaluated for 
other causes of liver disease. However, 0;AT inclusions were not 
detected in the liver biopsy by immunohistochemistry.” Miranda 
et al. reported the novel King’s variant that was discovered in a 
6-week-old boy with prolonged jaundice.” Laboratory studies 
demonstrated a significant reduction in the patients serum AT 
level and a liver biopsy that was characteristic of classic œ,AT 
deficiency with intrahepatocytic inclusions. The child was found 
to be compound heterozygous for the Z and Kings variant. Bio- 
chemical studies showed that the Kings variant forms polymers 
within the ER and accumulates within cells.” In reports of rare 
«AT variants, it is important to note the difficulty in ascertaining 
whether the 0,AT allele truly causes liver damage unless alcohol 
consumption, viral hepatitis and autoimmune disease have been 
extensively explored and eliminated from consideration. Further- 
more, based on what we know about the incidence of liver disease 
among ZZ homozygotes, one would predict that only a subpopu- 
lation of individuals with each allotype would develop clinically 
significant liver disease and that would mean that a considerable 
number of patients with the allotype existed. 

Several investigators have investigated the concept that other 
causes of liver disease act in concert with o,AT deficiency. For 
instance, the possibility that AT deficiency and cystic fibrosis 
(CF) occur together and increase the risk of liver disease in each 
of the populations was explored in patients identified by genotyp- 
ing patients with portal hypertension in a CF registry from the 
United States and Japan. The results showed that a single copy of 
the Z allele is a risk factor for incidence and severity of liver disease 
in CE No ZZ homozygotes were identified in that study.” Studies 
of other liver disease have been plagued with inconsistencies, in 
many cases because heterozygotes for QAT deficiency are grouped 
together with a small number of homozygotes or, on occasion, no 
homozygotes. For instance, in one study MZ heterozygotes were 
10 times more common in patients with hemochromatosis com- 
pared with the general population (20% vs. 2.2%). However, 
other studies have not found an association between these two 
conditions.”*”* There are case reports of more rapid clinical pro- 
gression when hepatitis C virus infection is encountered in the 
setting of at least one Z allele,” but other studies have failed to 


identify a clear synergizing effect for &,AT deficiency and hepatitis 
C virus infection.” We have encountered a number of middle- 
aged patients who are ZZ homozygotes and obese, with features 
of hepatic steatosis in liver biopsy specimens. One uncontrolled 
registry survey suggested that obesity is common in 0, AT-deficient 
patients with active liver disease,” but there are no other studies 
of the impact of nonalcoholic hepatic steatosis together with 0, AT 
deficiency. 

Although alcohol abuse is frequently on the list of diagnoses 
for patients with @,AT deficiency who undergo liver transplanta- 
tion, there is extremely limited research on the role of alcohol in 
predisposing o,AT-deficient individuals to liver disease or more 
severe liver disease. In the registry survey carried out by Bowlus 
et al.” only 14% of patients of homozygotes reported significant 
alcohol risk. The registry included 41 patients who required liver 
transplantation and also included 25 patients who had the MZ 
heterozygous phenotype. In a recent retrospective case-control 
study from a tissue pathology registry, patients with both alcoholic 
liver disease and an MZ heterozygous AT allotype were more 
likely to have cirrhosis than patients with alcoholic liver disease 
and MM QAT allotype.® 

Several studies have investigated the possibility that heterozy- 
gosity for the Z allele is a risk factor for other liver diseases. In 
one retrospective study at a single pediatric liver disease center, 
OAT heterozygosity was more common in children with other 
chronic liver diseases compared with a reference database.*' This 
difference remained true when their population was subdivided 
between biliary atresia and nonbiliary atresia patients and there 
was evidence for more severe disease in the heterozygotes. 

Destructive lung disease/emphysema caused by 0,AT defi- 
ciency probably does not clinically manifest until late in the third 
decade of life. Although there are a few reports of younger indi- 
viduals with lung disease, the diagnosis of AT deficiency in 
these cases was not convincing.” 

There is still limited information available about the incidence 
of liver disease in 0,AT-deficient individuals with established 
emphysema. In a study of 22 PIZZ patients with emphysema, 
there were elevated transaminase levels in 10 patients and cho- 
lestasis in 1 patient.” Because liver biopsies were not carried out 
in this study, the extent and incidence of liver disease in adults 
with emphysema as their predominant clinical problem may be 
underestimated. 


Diagnosis 


,-Antitrypsin deficiency should be considered in anyone with 
elevated levels of transaminases or conjugated bilirubin, asymp- 
tomatic hepatomegaly, signs or symptoms of portal hypertension 
or cholestasis, or bleeding/bruising with a prolonged prothrombin 
time. It should be considered in adults with chronic idiopathic 
hepatitis, cryptogenic cirrhosis, and hepatocellular carcinoma. 

e diagnosis is established by means of serum ,AT pheno- 
type (PI type) determination using isoelectric focusing electropho- 
resis or agarose gel electrophoresis at acid pH (Fig. 61-4). Serum 
concentrations can be used for screening with follow-up PI typing 
of any values below normal (85-215 mg/dL). A retrospective 
study of all pediatric patients who had both serum concentrations 
and PI typing done at one center indicated that the serum con- 
centration determination had a positive predictive value of 94% 
and a negative predictive value of 100% for homozygous PIZZ 
ot, AT deficiency™; however, because of the inherent limitations of 
retrospectively defining a patient population for the analysis, the 


MM; 


MM2 MZ 
e Fig. 61-4 Isoelectric focusing gel. Blood specimens from three indi- 
viduals are shown: normal with M, and M; alleles; heterozygote with M 
and Z alleles (arrow); normal with two M; alleles. (Reproduced from Perl- 
mutter DH. Alpha-1-antitrypsin deficiency. In: Snape WJ, editor. Consulta- 
tions in gastroenterology. Philadelphia: WB Saunders, 1996:791-801. 
Used with permission.) 


results of the study are not necessarily applicable to each diagnos- 
tic situation that might be encountered. In my experience it is 
wise to both measure the serum concentration and perform PI 
typing when seriously considering this diagnosis. Serum concen- 
trations increase during the host response to inflammation and 
therein may reach normal levels in heterozygotes and near-normal 
levels in homozygotes. Both the serum concentrations and the PI 
type will be needed to confirm the homozygous and compound 
heterozygous and the heterozygous states that can be present at 
the OAT locus. In some cases, phenotype determinations of 
parents and other relatives are necessary to confirm the diagnosis 
if there is any discrepancy, and to ensure the distinction between 
the ZZ and SZ allotypes, for which isoelectric focusing may not 
be straightforward. This distinction and the others will be impor- 
tant for genetic counseling. 

The PI type is particularly important in the neonatal period 
because it may be very difficult to distinguish patients with o,AT 
deficiency from those with biliary atresia. Moreover, it is not 
uncommon for neonates with a PIZZ phenotype to have no 
biliary excretion on scintigraphic studies.” There is one report of 
o,AT deficiency and biliary atresia in a single patient. I have 
seen several patients with homozygous PIZZ 0, AT deficiency and 
cholestasis for whom there was no biliary excretion of technetium- 
labeled mebrofenin, but with more prolonged observation, in 
each of these cases, cholestasis remitted such that it was then 
obvious that the patients did not have biliary atresia. 

The distinctive histologic feature of homozygous PIZZ 
OAT deficiency, periodic acid—SchifF-positive, diastase-resistant 
globules in the ER of hepatocytes, substantiates the diagnosis 
(Fig. 61-5). According to some observers, these globules are not 
as easy to detect in the first few months of life.” The presence of 
these inclusions should not be interpreted as diagnostic of œ,AT 
deficiency. Similar structures are occasionally present in other 
liver diseases.” The inclusions are eosinophilic, round to oval, and 
1 um to 40 um in diameter. They are most prominent in peri- 
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e Fig. 61-5 Liver biopsy from an a,AT-deficient patient. Cells with peri- 
odic acid-Schiff-positive, diastase-resistant globules are shown with 
arrows. (Reproduced from Perlmutter DH. Alpha-1-antitrypsin deficiency. 
In: Snape WJ, editor. Consultations in gastroenterology. Philadelphia: WB 
Saunders, 1996:793. Used with permission.) 


portal hepatocytes but may also be seen in Kupffer cells and 
biliary epithelial cells.” The dominant feature of liver histology 
is fibrosis and cirrhosis with minimal inflammation. Ultrastruc- 
tural studies have also shown evidence for autophagosomes and 
mitochondrial injury in addition to the classical inclusions” 


(Fig. 61-6). 


Treatment 


There is no specific therapy for OAT deficiency—associated liver 
disease; therefore clinical care involves avoidance of cigarette 
smoking to prevent exacerbation of destructive lung disease/ 
emphysema, supportive management of symptoms caused by liver 
dysfunction, and prevention of complications of liver disease. 
Cigarette smoking markedly accelerates the lung disease associated 
with AT deficiency, reduces quality of life, and significantly 
shortens the longevity of these patients.” 

Progressive liver dysfunction and failure in children with @,AT 
deficiency has been managed successfully with liver transplanta- 
tion, with survival rates well over 92% for 5 years.’' Nevertheless, 
a number of homozygotes with severe liver disease, even cirrhosis 
or portal hypertension, may have a relatively low rate of disease 
progression, and lead a relatively normal life for extended periods. 
With the availability of living related donor transplantation tech- 
niques, it may be possible to observe these patients for some time 
before transplantation becomes necessary. 

Patients with o,AT deficiency and emphysema have been 
treated with purified plasma or recombinant 0,AT administered 
intravenously or by means of aerosol as replacement therapy.” 
This therapy is associated with improvement both in AT con- 
centrations in serum and bronchoalveolar lavage fluid and in 
neutrophil elastase inhibitory capacity in lavage fluid without 
significant side effects. Although results of initial studies have 
suggested that there is a slower decline in forced expiratory volume 
in patients undergoing replacement therapy, this only occurred in 
a subgroup of patients and the study was not randomized.” This 
therapy is designed for established and progressive emphysema. 
Protein replacement therapy is not being considered for patients 
with liver disease because there is no evidence that deficient serum 
levels of o,AT play a role in the development of liver injury. 
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e Fig.61-6 Electron micrographs of liver biopsy from an œ,AT-deficient patient. (A) Rough endoplasmic 


reticulum (RER) from a normal liver cell. (B) RER distended with proteinaceous material. (C) Autophagic 
vacuole pinching-off RER. (D) Early autophagosomes (AVi) adjacent to RER. (E) Degradative autophago- 
somes (AVd) adjacent to RER. (Scale bars, 100 nm.) M, Mitochondrion. (Reproduced from Teckman JH, 
Perlmutter DH. Retention of the mutant secretory protein a1-antitrypsin Z in the endoplasmic reticulum 
induces autophagy. Am J Physiol 2000;279:G961-G974. Used with permission.) 


A number of patients with severe emphysema from 0,AT 
deficiency are being treated with lung transplantation. Over a 
13-year experience, 86 patients with 04AT deficiency underwent 
lung transplantation in St. Louis with an approximately 60% 
5-year survival rate.” 

New treatment strategies to obviate the need for organ trans- 
plantation and chronic immunosuppression are being investi- 
gated. One such strategy involves drugs that enhance autophagy 
and could theoretically reduce the cellular load of misfolded 
protein and its proteotoxic consequences. We theorized autophagy 
as a target because it is specifically activated when 0,ATZ accu- 
mulates in cells and because it participates in intracellular disposal 
of œ, ATZ. This approach was first theorized when several drugs 
that could enhance autophagic degradation of other misfolded 
proteins, such as mutant polyQ proteins that cause Huntington 
disease, were being described.” It had also become apparent that 
onset of OAT deficiency liver disease at 50 to 65 years of age 
coincided with the decline in autophagy function that is believed 
to trigger other age-dependent degenerative diseases associated 


with misfolded proteins. Initially we investigated the drug carba- 
mazepine (CBZ), which is known for its widespread use in 
humans as an anticonvulsant and mood stabilizer, and found that 
it enhanced autophagic degradation of o,ATZ in mammalian cell 
line models of AT deficiency.” Moreover, administration of this 
drug by oral gavage to the PiZ mouse model of &,AT deficiency 
over a 3-week period significantly reduced hepatic o,ATZ load 
and hepatic fibrosis in vivo.” Because CBZ is already FDA- 
approved, it was moved immediately into a phase II/III clinical 
trial for treatment of severe liver disease due to &,AT deficiency 
and that trial is currently in progress. 

Other drugs that enhance autophagic degradation of o ATZ 
have been identified by high-throughput automated screening of 
a drug library containing 1280 compounds in a C. elegans model 
system of QAT deficiency.” Four of the five top hits were found 
to have autophagy enhancer activity and have already been in 
clinical practice for some time. Two of the hits, fluphenazine 
and pimozide, belong to the phenothiazine drug family, which 
is structurally similar to the tricyclic antidepressant family to 


which CBZ belongs. The phenothiazines were also previously 
shown to accelerate autophagic disposal of polyQ proteins.” 
Fluphenazine has been the most extensively tested, and it reduces 
cellular &,ATZ load in all the model systems and decreases hepatic 
fibrosis in vivo.'*° Other promising drug candidates discovered 
through this model system and high throughput screening plat- 
form, together with computational-based drug discovery strate- 
gies, are now in the pipeline for treating liver disease due to 04,AT 
deficiency. °»? 

Several other drugs that increase autophagy have recently been 
reported and could theoretically be candidates for treating liver 
disease due to œAT deficiency. Spermidine,'”’ combination 
therapy with spermidine and resveratrol, "and chemical inhibi- 
tors of transcription factor STAT3 such as JSI-124, Stattic and 
WP1066,'” have been shown to induce autophagy in model 
systems. Omega-6-polyunsaturated fatty acids,” glucosamine 
and N-acetylglucosamine have enhance autophagy in mammalian 
cell lines.” A cholesterol-reducing drug, ezetimibe, activates 
autophagy in primary cultures of intestinal epithelial cells.'°° In 
contrast to the others, which have not yet been tested for effects 
on ATZ, ezetimibe was shown to reduce cellular ©, ATZ load 
in a model system of human hepatocytes in primary culture and 
engineered for transient o1,ATZ expression.” An autophagy- 
inducing peptide, Tat-beclin 1, which enhances both the degrada- 
tion of mutant huntingtin (HTT) and the host defense against 
invasive viral and bacterial pathogens, has been described as 
well.''® Drugs based on the structure of this peptide have the 
potential for treatment of a broad range of human diseases caused 
by proteotoxicity and infectious pathogens. 

Several gene therapy strategies are being investigated. One 
attractive approach, silencing of &,ATZ expression, can theoreti- 
cally be done in several ways, including the use of vectors that 
have the additional capability of encoding wild type o,AT to 
address both gain- and loss-of-function sequelae of o,AT defi- 
ciency, respectively. >"? Li et al. employed an adeno-associated 
virus harboring short-hairpin RNA to knockdown endogenous 
ATZ expression together with a codon-optimized wild-type 
o,AT transgene cassette.''’ Mueller et al. tested an adeno- 
associated virus harboring microRNA to silence endogenous 
ATZ gene expression together with a microRNA-resistant wild- 
type OAT gene.''” Although each of these approaches decreased 
hepatic &,ATZ load and increased serum human QAT in a trans- 
genic mouse model of 04,AT deficiency, it was not clear that the 
silencing was potent enough to eliminate hepatic fibrotic activity. 
Another study using antisense oligonucleotides by systemic 
administration to silence &,ATZ gene expression had a more 
impressive effect in reducing hepatic fibrosis in the PiZ mouse 
model system.” 

Another potential approach championed by Pastore et al. 
involves gene therapy with transcription factors that activate 
autophagy and therein reduce &,ATZ accumulation and pro- 
teotoxicity.''* Using helper-dependent adenovirus for systemic 
delivery of the master transcriptional activator of autophagolyso- 
somal genes, TFEB, hepatic &,ATZ load and liver fibrosis were 
significantly reduced in the PiZ mouse model. 

Genomic editing has not yet been carried out in systems that 
model AT deficiency but CRISPR/Cas-9-mediated genome 
editing was recently reported with encouraging results in a mouse 
model of Duchenne muscular dystrophy.''? Eventually, this 
strategy will have considerable appeal for correcting other 
diseases caused by single gene mutation events including o,AT 
deficiency. 
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Several research groups have explored the concept that drugs 
that prevent polymerization of the mutant 0,ATZ could facilitate 
secretion and functional activity of mutant protein. The initial 
study using a small molecule compound that fit into a lateral 
hydrophobic cavity in &,ATZ prevented its polymerization, but 
the effect in a cell line model was enhanced intracellular degrada- 
tion only, with minimal effect on secretion." These results 
provide evidence that it is the misfolding of %,ATZ, independent 
of its tendency to polymerize, which is primarily responsible for 
impaired secretion. Another small molecule, designed on the basis 
of peptide structures which fit into the reactive center loop of 
0, AT, appeared to have a modest impact on secretion of ATZ.''” 
However, the efficacy of this peptide in an animal model system 
for either increasing secretion or reducing liver damage in vivo 
remains to be tested. It also remains possible that this type of 
peptide binding changes the conformation of the mutant protein 
in such a way that both misfolding and polymerization are reduced 
independently. 

Chemical chaperones that theoretically facilitate folding of 
diverse proteins in a nonselective mechanism have also been tested 
for efficacy in model systems of 04,AT deficiency, including glyc- 
erol and 4-phenylbutyric acid (PBA). PBA was particularly effec- 
tive in the PiZ mouse model with blood levels of human o,AT 
reaching 20% to 50% of the levels present in normal humans.''* 
However, a pilot clinical trial in 10 patients with o,AT deficiency— 
associated liver disease did not show increases in serum levels of 
OAT after 14 days of treatment with PBA without evidence for 
any hepatic accumulation of the misfolded protein.’ It is not 
clear why the drug lacked effect, but the large doses required are 
known to be quite challenging to tolerate and so it may be worth- 
while to test in the future if newer, more tolerable formulations 
are developed. A drug that is similar to PBA in several pharma- 
cologic characteristics, suberoylanilide hydroxamic acid (SAHA), 
enhances secretion of o,ATZ in cell line models of @,AT defi- 
ciency.” However, this drug also increased synthesis of œ ATZ, 
and this effect has the potential of producing more rather than 
less cellular proteotoxicity when it is tested in vivo. 

Cellular treatment strategies for o&,AT deficiency have also 
been discussed, and hepatocyte transplantation is one that has 
been tested for other metabolic liver diseases.'*"'’? Compared 
with orthotopic liver transplantation, it has the advantage of 
being a minimally invasive procedure with little known morbidity 
and less expense. We do know that wild-type donor hepatocytes 
can repopulate almost the entire liver of the PiZ mouse model of 
QAT deficiency.” This result showed that transplanted hepato- 
cytes hada selective proliferative advantage over &,ATZ-containing 
endogenous hepatocytes and therein provided experimental 
validation for the overall concept of cellular therapy for o,AT 
deficiency. 

Another form of cellular therapy that could now be envisioned 
is combining genomic editing with hepatocyte transplantation. 
Yusa et al. tested this concept by correcting the mutation in the 
o,AT gene in human-induced pluripotent stem cells derived 
from an 0,AT-deficient patient using a combination of zinc- 
finger nucleases and transposon techniques.'”’ Importantly, the 
corrected human-induced pluripotent stem cell lines could 
then be engrafted into the liver of the transgenic mouse model 
system. This strategy, if it proves successful in further preclinical 
models, has the potential to address both the loss- and gain- 
of-function mechanisms of organ damage and the advantage 
of personalized treatment options without any need for 
immunosuppression. 
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Conclusion 


A subgroup of homozygotes for the classical form of 0AT defi- 
ciency develop liver disease predominantly characterized by 
fibrosis/cirrhosis and carcinogenesis. Genetic and environmental 
modifiers play a major role in determining susceptibility and 
severity of liver involvement. This liver disease in being recognized 
more in adults, with a peak age of 50 to 65 years and the adult- 
onset form of the disease should probably be considered a degen- 
erative disease influenced by the age-dependent decline in 


proteostasis mechanisms, especially autophagy. The liver disease 
that occurs in infants, children and adolescents is likely to reflect 
particularly powerful and rare combinations of modifiers. A pipe- 
line of therapeutic strategies, including drug, gene and cellular 
approaches, has evolved in recent years, including one autophagy 
enhancer drug that is now in Phase I/II] clinical trials. 
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Approach to and Evaluation of 
Metabolic Liver Diseases 


SAUL J. KARPEN 


Introduction 


The liver is, arguably, the principal orchestrator of metabolism in 
the body, essentially acting as the responder, arbiter, and trans- 
former of the molecules of life. It is anatomically positioned to be 
the first organ to receive substances from the gut (food as well as 
various ingestions and molecules from microbes), spleen, endo- 
crine pancreas, and visceral fat stores, thereby integrating multiple 
molecular inputs. Moreover, from a microvascular standpoint, the 
sinusoidal endothelium is fenestrated, thereby placing no impedi- 
ment for portal blood contents to directly contact hepatocytes 
that have variable functions in the different zones of the liver 
lobule.'* The hepatocytes are, therefore, the shield, deflector, and 
biotransformer/repository for a variety of molecules to then be 
repackaged before either secretion into the circulation (e.g., lipo- 
protein particles, glucose) or to be destined for elimination into 
bile (e.g., toxins, conjugated bilirubin, bile acids). The molecules 
that hepatocytes are destined to handle are either exogenous in 
origin (e.g., food substances, toxins, drugs) or from an endoge- 
nous source (various lipids from visceral fat stores, carbohydrates). 
Of the approximately 23,000 genes in humans, approximately 
11,000 are actively transcribed in hepatocytes,’ many of which 
are related to the unique integrated metabolic functioning of 
hepatocytes. 

Thus it should come as no surprise that metabolic derange- 
ments and progression of liver damage can develop when one or 
more of these crucial genes are mutated and functionally 
inadequate.*” This occurs when the function of these genes cannot 
be supplanted by that of another gene, and therefore nonredun- 
dancy is an obligate setting for impairments in the metabolic 
pathway of interest and the physiologic consequences thereof. 
Broadly, such disorders are termed metabolic liver diseases, and 
these often present in infancy and early childhood because there 
are great metabolic demands at this time of life (mostly due to 
the need to grow) but also because ex utero, the infant’s genes are 
being used without the support of the linked maternal circulation. 
But it should be noted that there is no time of life when genetic 
variants that underlie metabolic liver disease are not possible 
causes or modifiers of another reason for liver dysfunction. 


General Approach and Clinical Evaluations 


In essence, the broadest definition of metabolic liver disease is a 
condition or setting where a genetic variant negatively impacts 


liver development, basal functioning, or adaptations to a stressor. 
Given the essential role of the liver in the body’s metabolism of 
nutrients (carbohydrates, proteins, fats) and their subsequent 
storage, packaging, and delivery to other tissues, it is not surpris- 
ing that reduced functioning of key enzymes encoded by genes 
with less-functional variants will lead to disease due to either an 
absence of a needed end product (e.g., glucose from glycogen) or 
the accumulation of toxic intermediate molecules upstream of a 
block in a sequential metabolic pathway (e.g., atypical bile acid 
intermediates in bile acid synthesis defects). It is also clear that 
some metabolic diseases are evident from global alterations in 
subcellular organelle structure and function, which for the liver 
often involve mitochondria or peroxisomes. 

There are select clinical situations where the patient is noted 
to be impaired from birth (respiratory difficulties, organomegaly) 
but often metabolic diseases can take months to years to present. 
It is likely that expression of many of the genes involved in core 
aspects of metabolism may be further reduced in the setting of a 
stressor, often an infection or exposure to a new medication. Thus 
a previously normal child may, at 5 years to 10 years of age, after 
a seemingly insignificant viral infection, become jaundiced, 
obtunded, and have markedly elevated serum alanine aminotrans- 
ferase (ALT) and aspartate aminotransferase (AST) levels from 
hepatocellular destruction initially ascribed to a direct viral effect 
on hepatocytes (see later). Moreover, as a component of the nega- 
tive hepatic acute phase response, many genes involved in key 
metabolic pathways are naturally reduced in expression because of 
inflammation. If one of these genes also has a significant sequence 
variant that impacts the encoded enzyme’s functioning, then one 
can see the additive effects of inflammation-mediated reductions 
in gene expression combined with a basally reduced function 
due to the sequence variant, which together can lead to serious 
metabolic consequences uncovered during this time of illness. In 
general terms, many enzymes function at higher than their thresh- 
old capacity and thus can adequately perform day-to-day func- 
tions even with sequence variations. But when there is an additional 
hit, the system may not be adequately counterbalanced, harmful 
abnormal metabolites accrete, and liver disease may ensue. ‘This is 
often a clinically useful paradigm to consider when one is pre- 
sented with patients who may have metabolic liver diseases yet 
have had no significant indication of metabolic impairments 
beforehand. 

Thus the lack of disease in infancy or early childhood should 
not provide the clinician with the solace that a patient’s clinical 
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disease is not metabolic in origin—rather this particular episode 
tipped the balance from acceptable functioning of the pathway to 
one that is unacceptable. Stressors other than infection can also 
lead to a clinical uncovering of metabolic liver disease, including 
puberty, aging, surgery, medications, starvation, and obesity. The 
prepared clinician can help uncover those situations where this 
may in fact be at play. This chapter is focused on helping clinicians 
to recognize when metabolic liver diseases may be primary com- 
ponents of a patients presentation and overall well-being. 


Diagnostics for Metabolic Liver Diseases 


There are a number of clinical clues that suggest a patient may 
have a metabolic liver disease. Excluding the contributions of the 
two most prevalent genetic liver diseases in U.S. populations, 
,-antitrypsin deficiency and hereditary hemochromatosis (due 
to specific variants in the SERPINAI and HFE genes), Table 62-1 
lists common clinical conditions or indications that should 
prompt a clinician to consider exploring the potential for meta- 
bolic liver disease. 


TABLE 
62-1 


As can be gleaned from Table 62-1, the presentations of many 
conditions substantially overlap, often without pathognomonic 
features that can lead to one, and only one, diagnosis. For example, 
many different liver diseases present in infancy with hypoglycemia 
as a key clinical feature, due to a global hepatocellular metabolic 
impairment in either the accumulation or the degradation of 
glycogen. This may lead some clinicians to focus exclusively on 
genetic disorders of glycogen metabolism and explore the group 
of glycogen storage diseases as primary diagnostic possibilities, yet 
hypoglycemia may just be a feature of intermediary metabolic 
derangements from a completely different disorder. 


Use of Age as a Determining Factor for 
Diagnostic Approach and Urgency 


Infancy 


The first postnatal days are the time of life when metabolic inde- 
pendence from the womb is initiated and the infant’s own geneti- 
cally programmed machinery engages. Therefore any significant 


Clinical Presentations of Metabolic Liver Diseases (All Ages) 


Clinical 

Lethargy UCDs, mitochondrial enzymopathies 

Intermittent jaundice PFICs 

Growth failure Numerous disorders of intermediary 
metabolism 


Numerous diseases 


Serum Biochemical Findings—cont’d 


Direct hyperbilirubinemia Many diseases, including PFIC1 and 


PFIC2 
Low alkaline phosphatase level Wilson disease 
Elevated GGT level PFIC3/ABCB4 deficiency 


Developmental delay 
Bone fractures 


Neurologic (reduced tone or 
seizures) 


Poor feeding 


Physical Examination 
Hepatomegaly 


Splenomegaly 


Jaundice 
Kayser-Fleischer eye rings 
Pruritic scars 


Serum Biochemical Findings 


Hypoglycemia 
Hyperammonemia 


Elevated ALT, AST, and alkaline 
phosphatase levels 


Cholestatic syndromes, tyrosinemia 


Numerous diseases, including UCDs, 
FAO disorders, and mitochondrial 
enzymopathies 


UCDs, mitochondrial enzymopathies 


Numerous storage disorders 


Storage disorders or portal 
hypertension 


Cholestatic diseases 
Wilson disease 


Cholestatic diseases 


Many diseases, including GSDs 
UCDs 


Numerous diseases 


Unexpected low GGT level 
Low albumin level 
Low ceruloplasmin level 


Elevated serum bile acid levels 


Normal or low serum bile acid levels 
in the setting of cholestasis 


Low serum levels of vitamins A, D, 
and E and elevated INR 


Liver Histology 
Glycogen 


Lipid 


Glycoproteins 
Bile accumulation 
Bile duct paucity 


Bile duct proliferation/small duct 
PSC 


BASD, PFIC1, PFIC2 
Nonspecific 
Wilson disease 


Numerous diseases, including PFIC1 
and PFIC2 


PFIC1, PFIC2, TJP2 


Various cholestatic conditions, 
including BASDs, PFIC1, and PFIC2 


GSDs 


CESD, mitochondrial disorders, FAO 
disorders 


A1AT deficiency, CDGS 
Many, PFICs 

Alagille syndrome 
PFIC3 


ATAT, o-Antitrypsin; ABCB4, ATP-binding cassette, subfamily B, member 4; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BASD, bile acid synthesis defect; CDGS, carbohydrate- 
deficient glycoprotein syndrome; CESD, cholesterol ester storage disease; FAO, Fatty acid oxidation; GGT, y-glutamyl transpeptidase; GSD, glycogen storage disease; /NR, international normalized ratio; 
PFIC, progressive familial intrahepatic cholestasis; PFIC7, progressive familial intrahepatic cholestasis type 1; PFIC2, progressive familial intrahepatic cholestasis type 2; PFIC3, progressive familial 
intrahepatic cholestasis type 3; PSC, primary sclerosing cholangitis; 7UP2, tight junction protein 2; UCD, urea cycle defect. 
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impairment in day-to-day metabolic functioning of the liver due 
to a gene variant that is crucial to processing of small molecules 
and nutrients will likely become apparent during these first few 
days. In essence, because this is the time of life when a newborn's 
genes are being used without maternal metabolic support (and 
thus taken out for their first “test drive”), it should not be surpris- 
ing that this is a crucial time of life for the child and one that 
requires caregivers to pay close attention to the possibility of a 
metabolic liver disease. Compounding the difficulty in making 
these diagnoses is the fact that the clinical repertoires of behavior 
and function are very limited at this age and variances from 
normal may not be readily evident to caregivers, especially new 
parents. Moreover, apparently healthy newborns are often dis- 
charged from the hospital environment 24 hours to 48 hours after 
birth, after undergoing a limited number of examinations, and 
the features of metabolic liver disease may first manifest soon after 
discharge. On the other hand, concerns for metabolic disease are 
perceptible soon after birth in some infants (e.g., mitochondrial 
respiratory chain defects), and experienced providers would then 
be able to build upon these sentinel findings (e.g., hypoxia, 
organomegaly, listlessness, hypoglycemia) with a thorough exami- 
nation of the child and appropriate diagnostic tests. But the 
concern for these diseases is such that outpatient caregivers should 
not necessarily feel assured that metabolic liver disease is not a 
possibility if the child is discharged home appearing well, and the 
parents report concerns thereafter. 

The clinical presentations of metabolic liver diseases may 
appear to overlap within the spectrum of normal infant behavior, 
but often eventually develop into clearly abnormal signs or behav- 
iors. Clinical features that may warrant consideration for meta- 
bolic liver disease at this age include poor feeding, increased 
sleepiness, and neurologic impairments, including poor muscle 
tone or seizure activity. As shown in Table 62-1, physical examina- 
tion and biochemical evaluations will help determine the best next 
steps. Biochemical evidence of abnormal liver indices (e.g., direct 
hyperbilirubinemia, elevated ALT and AST levels) may not be 
present early in the course of disease because of limited hepatocel- 
lular disruption. Reliance on these findings of elevated liver 
indices from liver cell damage, can delay diagnosis when there are 
underlying metabolic impairments. Functional tests are, however, 
quite useful, and involve forethought and prioritization of blood 
draws for infants. Directed liver tests early in life that would 
immediately guide the subsequent workup and treatments include 
assays for serum glucose, ammonia, and international normalized 
ratio (INR). However, even if abnormal, these biochemical find- 
ings are not unique to infants with metabolic liver diseases and 
overlap strongly with findings for other diseases of the newborn, 
both nonhepatic (e.g., sepsis, congenital heart disease) and hepatic 
but not metabolic (e.g., gestational alloimmune liver disease). 

Among the key components of the workup is recognition that 
the obtaining of blood and urine early in the course of disease 
may, in fact, be a means to early diagnosis. A urine collection 
obtained early after presentation can be sent for broad-based 
studies (e.g., organic acids, acylglycines, bile acid metabolites) or 
specific tests (e.g., succinylacetone for tyrosinemia, non—glucose- 
reducing substances for galactosemia) is best considered and not 
only shorten the time toa diagnosis, but mayalso capture transiently- 
appearing abnormal metabolites in urine that may no longer be 
generated upon institution of supportive clinical care. 

Every child in the United States, and in many other parts of the 
world, undergoes newborn screening within the first days of life 
via location-specific analysis of dried blood spots. In general, the 


criterion for a disease that would benefit from newborn screen- 
ing is one that, if identified early, would make a significant dif- 
ference in outcome. Many of the disorders explored in newborn 
screening programs are not metabolic liver diseases (e.g., cystic 
fibrosis, congenital hypothyroidism, phenylketonuria), so one 
should not wait for the results of state-run newborn screening 
tests to determine if the infant may or may not have a metabolic 
liver disease. Findings of newborn screens are incorporated into 
the timeline of the workup of the child and should not delay 
specific investigations. New unbiased technologies based on mass 
spectrometry and other technologies will likely be available soon. 
If so, they would likely be available for screening of newborns 
that could identify abnormal metabolites associated with meta- 
bolic liver diseases. The evolution of such screenings, with or 
without associated genetic tests (see later) would have a major 
impact on newborn health, but overall, such screenings are not yet 
available. 


Childhood 


The child with metabolic liver disease may not present with the 
more evident clinical features seen in infancy but often presents 
in one of two ways: either as a child with failure to thrive perhaps 
accompanied by developmental delay (e.g., mitochondrial enzy- 
mopathies); or acutely, as an unexpectedly dramatic presentation 
after a seemingly innocuous routine childhood viral illness. In 
other words, the latter situation is one whereby the child has 
appeared to be indistinguishable from age-matched peers until 
this acute illness uncovers a metabolic impairment. Symptoms 
on presentation may include profound lethargy, obtundation, sei- 
zures, and jaundice with laboratory test findings that usually indi- 
cate hepatocellular damage and dysfunction. The latter requires 
thoughtfulness on the part of caregivers, with attention to obtain- 
ing timely serum glucose ammonia and INR as a part of the 
evaluation. Diseases that can present after a viral illness (where, 
as noted earlier, likely consequent to the reduction in expres- 
sion of a metabolically relevant gene impaired by inflammation 
and the negative acute phase response) include fatty acid oxida- 
tion defects and mitochondrial enzymopathies. Other diseases of 
metabolic functioning include Wilson disease, which can present 
in a child as young as 3 years and is a component of the differ- 
ent diagnosis of chronic and acute metabolic liver disease start- 
ing in school-aged children. Fatty acid oxidation defects can be 
especially difficult to determine because the child often appears 
normal and then presents with liver failure, but may improve 
quickly after institution of intravenously administration of fluids 
and glucose. Children such as this may be sent home without 
diagnostic tests specific for metabolic liver disease as an underly- 
ing or predisposing diagnosis having been conducted. However, 
these diseases should be considered in the setting of greater than 
expected hepatocellular damage and hypoglycemia, especially if 
they are accompanied by signs of encephalopathy. Diagnosing 
these disorders is not easy, especially if clinicians consider that the 
presentation is an appropriate part of the spectrum of sepsis or 
infection. 

Diagnosing metabolic liver disease in children is often dif- 
ficult in those who present after the newborn period because 
diagnostic tests are either not considered or often delayed until 
the child’s health has improved with time or interventions. When 
there is metabolic improvement, the abnormal metabolites that 
may have accreted to initiate the presentation may no longer be 
present if the tests are performed hours to days after institution 
of supportive care following admission to the hospital. Thus even 
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WAE Screening Tests Useful for Diagnosing 
ZZ Metabolic Liver Diseases 


Blood 
Amino acids Tyrosinemia (FAH) 
Ammonia OTC deficiency 


Standard biochemistry tests Numerous diseases 


(e.g., glucose, BUN, ALT) 


DNA Useful to obtain and consider for 
specific or unbiased (e.g., gene 
panels or whole-exome sequencing) 

Urine 


Organic acids Numerous diseases 


Acylglycines FAO defects 
Bile acid metabolites BASD 
Succinylacetone Tyrosinemia 


Reducing substances Galactosemia 


Copper Nonspecific (not useful for infants) 


ALT, Alanine aminotransferase; BASD, bile acid synthesis defect; BUN, blood urea nitro- 
gen; FAH, fumarylacetoacetate hydrolase; FAO, fatty acid oxidation; OTC, ornithine 
transcarbamylase. 


with the intravenous administration of glucose in the setting of 
liver failure due to certain fatty acid oxidation defects, the diag- 
nostic ability of urine organic acids or acylglycines to provide 
a diagnosis may be limited. In other words, if caregivers wait 
until the child’s health has improved before considering meta- 
bolic disease and then send certain diagnostic tests closer to the 
end of hospitalization, the results may be normal, yet if the tests 
were obtained early in the course of presentation, the concentra- 
tion of abnormal metabolites may be high enough for a diagno- 
sis. Thus it is recommended to perform blood and urine tests 
(Table 62-2) early in the course of presentation of any child for 
whom there may be concerns for metabolic liver disease. This 
is a concern when one relies on a strategy looking at molecular 
biochemical features that would provide guidance for a diagnosis 
but would not be an issue were DNA tests a component of the 
diagnostic paradigm. 

In addition to disorders of intermediary metabolism of carbo- 
hydrates or fats, disorders of bile acid synthesis or transport can 
present after infancy and during childhood. These often present 
at any age, sometimes around puberty or after an infection or new 
drug treatment, initially with unexplained jaundice or severe pru- 
ritus. Laboratory test findings of note include direct hyperbiliru- 
binemia and elevated serum bile acid levels (for bile acid transport 
or conjugation defects), and abnormal urine bile acid metabolites 
for bile acid synthesis defects. Genetic variants in the bile salt 
export pump (ABCB/1) that present at this age, often intermit- 
tently, have previously been characterized as benign recurrent 
intrahepatic cholestasis type 2), as a variant of progressive familial 
intrahepatic cholestasis type 2.°'' Making a genetic diagnosis is 
crucial because the outcomes for these patients may differ depend- 
ing on genotypes. 


62-3 


WAA Examples of Metabolic Liver Diseases Whose 
Outcomes May Be Altered by Early Diagnosis 
and Targeted Interventions 


GSDI Hypoglycemia, large Nighttime feedings, serial 
adenomas imaging, adenoma 
resection 
GSDIII Hypoglycemia, cardiac Nighttime feeding, LT 
disease evaluation 
GSDIV Cirrhosis, HCC By 
Galactosemia ALF Avoid dietary galactose 
HFI ALF Avoid dietary fructose 
FAO defects: Liver dysfunction, Avoid medium-chain 
MCAD dietary triglycerides, certain 
medications 
LCAD, VLCAD Hypoglycemia, ALF Avoid fasting, LT evaluation 
DGUOK Liver failure Should avoid LT 
UCDs Hyperammonemia Altered diet, LT evaluation 
CESD Metabolic, histologically LAL enzyme replacement 
overlaps with NASH 
Wilson ALF Chelation or zinc, LT 
disease evaluation 
Tyrosinemia ALF, HCC Altered diet, NTBC 
treatment 
PFIC1/BRIC1 Pruritus, cholestasis, Partial biliary diversion, 
cirrhosis chaperones, LT 
evaluation 
PFIC2/BRIC2 Pruritus, cholestasis, Partial biliary diversion, 
cirrhosis, HCC chaperones, LT 
evaluation 
BEICS Biliary cirrhosis, CCA UDCA, LT evaluation 
BASDs ALF Oral bile acid therapy, LT 


evaluation 


ALF Acute liver failure; BASD, bile acid synthesis defect; BRIC1, benign recurrent intrahepatic 
cholestasis type 1; BR/C2, benign recurrent intrahepatic cholestasis type 2; CCA, cholangio- 
carcinoma; CESD, cholesterol ester storage disease; DGUOK, deoxyguanosine kinase; FAO, 
fatty acid oxidation; GSD, glycogen storage disease; GSD/, glycogen storage disease type |; 
GSDIII, glycogen storage disease type Ill; GDS/V, glycogen storage disease type IV; HCC, 
hepatocellular carcinoma; HFI, hereditary fructose intolerance; LAL, lysosomal acid lipase; 
LCAD, long-chain acyl-CoA dehydrogenase; L7, liver transplant; MCAD, medium-chain 


acyl-CoA dehydrogenase; 


NASH, nonalcoholic steatohepatitis; 


NTBC, 2-(2-nitro-4- 


trifluoromethyl benzoyl)-1,3-cyclohexanedione; PFIC7, progressive familial intrahepatic cho- 
lestasis type 1; PFIC2, progressive familial intrahepatic cholestasis type 2; PFIC3, progressive 
familial intrahepatic cholestasis type 3; UCD, urea cycle defect; UDCA, ursodeoxycholic acid; 
VLCAD, very long-chain acyl-CoA dehydrogenase. 


Adulthood 


‘There is no age when metabolic liver disease cannot be considered. 
For example, ornithine transcarbamylase deficiency has been 
described in middle-aged and older adults (both men and women), 
often in the setting of unexplained bouts of illness with encepha- 
lopathy or seizure disorder.'* Other examples exist (e.g., glycogen 
storage diseases) but it is both sobering and concerning that such 
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important diagnoses may be elusive and may not be made in time 
without strong considerations for metabolic liver diseases as an 
underlying diagnosis. 


Benefits of Making a Diagnosis 
of Metabolic Liver Disease 


In addition to identifying a cause of a patient’s underlying liver 
disease, there are an increasing number of potential life-altering 
interventions that could be made for patients whose disorders are 
caused by metabolic liver diseases yet the metabolic cause may not 
be immediately apparent. Table 62-3 highlights several diagnoses 
that, once made, would directly alter the care and outcome of 
patients. The list is not comprehensive but serves as a reminder 
that diagnoses of these diseases as early as possible will provide 
the greatest benefit to patients. 


Application of Genetic Testing to 
Diagnose Metabolic Liver Disease 
and the Modern Hepatologist 


With current modalities of diagnostics, including the increasing 
availability, utility, and lower costs of gene panels and whole- 
exome sequencing, diagnosing metabolic liver diseases does not 
need to rely on sequential special laboratory tests or tissue analy- 
ses, or specific biopsy findings. Many laboratories around the 


world offer approved genetic diagnostics, often in the setting of 
a fairly rapid turnaround time that would be clinically useful. 
Cases that are complex or may have one of a myriad of metabolic 
diagnoses should prompt the clinician to consider genetic testing. 
The advantages include the use of small blood volumes (can be 
less than 2 mL to 5 mL for whole-exome sequencing), there is 
no need to time the specimen collection to a state of diseases, 
the comprehensive nature of whole-exome sequencing obviates 
serial testings, and there may be multiple variants and genes that 
were not considered for diagnosis yet would be found with such 
an unbiased approach. Although such an approach has not been 
applied to a variety of liver diseases to date,” there have been sub- 
stantial successes making diagnoses in 25% to 40% of previously 
nondiagnosable conditions, such as developmental delays. “1$ 

In addition, application of gene panels (e.g., for mitochondrial 
disease, glycogen storage disease, seizures, cholestasis) can help 
focus the clinician and rule in or rule out specific diseases simul- 
taneously.'’ The identification of additional genes that may con- 
tribute to disease is expected to help clinicians soon develop 
patient-specific personalized medicine. This is a complex and 
evolving field but one where hepatologists need to be at the fore- 
front, especially with the daily metabolic functions required for 
liver and host. 
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Pediatric Cholestatic Syndromes 


JAMES E. SQUIRES, WILLIAM F. BALISTRERI, AND JORGE A. BEZERRA 


ABBREVIATIONS 


A1AT @,-antitrypsin 

ABC ATP-binding cassette 

AGS Alagille syndrome 

ASBT apical sodium-dependent bile acid transporter 
BRIC benign recurrent intrahepatic cholestasis 
CMV cytomegalovirus 

FIC1 familial intrahepatic cholestasis 1 

JAG1 jagged-1 gene 

MCT medium-chain triglyceride 

MDR3 multidrug resistance protein 3 

MMR measles, mumps, and rubella 

MRP2 multidrug resistance—associated protein-2 
PCR polymerase chain reaction 

PFIC progressive familial intrahepatic cholestasis 
PN parenteral nutrition 


Introduction 


Cholestasis, the impairment of formation, excretion, and/or flow 
of bile, is typically the result of mechanical obstruction of the 
biliary tract or a functional deficiency in any of the critical genes 
and/or proteins responsible for the formation, processing, and 
excretion of bile. Heterogeneity in the causes and pathogenic 
mechanisms of cholestasis is reflected clinically in the large group 
of disorders affecting infants and children. 

In children, cholestasis manifests itself primarily as jaundice 
secondary to conjugated hyperbilirubinemia, with a simultaneous 
increase in serum bile acid levels; in some disorders, such as Ala- 
gille syndrome (AGS), children may have normal serum bilirubin 
levels but high serum bile acid levels. It is important to note that 
jaundice in the neonatal period most commonly results from 
normal physiologic delay in bilirubin conjugation; thus this 
reflects an increase in the levels of unconjugated bilirubin, which 
is transient and of no clinical consequence.' Conversely, jaundice 
associated with elevated serum levels of conjugated bilirubin is 
never physiologic and almost always signifies underlying disease 
within the hepatobiliary system. The subsequent damage to the 
liver is due to multiple factors, including toxic effects of various 
retained biliary components. 

The cholestatic syndromes can be broadly grouped by the 
primary anatomic site of injury (intrahepatic or extrahepatic dis- 
orders) or by the presumed cause, such as infectious, inflamma- 
tory, metabolic, toxin/drug-related, or genetic disorders. However, 
within this framework there are various areas of potential overlap 


976 


in features, such as history, clinical presentation, laboratory data, 
and histologic findings. Common to all is the need for early 
diagnosis as early intervention in many cases can dramatically 
improve the outcomes for these children. When a diagnosis is 
unclear or treatment is unavailable/ineffective, recognition of the 
complications of cholestasis will allow nutritional support and 
supportive medical management, with surveillance of complica- 
tions for patients with progressive liver disease. The goal of this 
chapter is to present a practical review of the causes, chief patho- 
genic mechanisms, diagnosis, and treatment of children with 
cholestasis. 


Intrahepatic Disease 


Cholestasis Associated With Infection 


Bacterial Infection 


Generalized Bacterial Infection 

Organomegaly with jaundice may be a clinical sign of systemic 
bacterial infection in the neonate (Table 63-1). The pathogenesis 
of conjugated hyperbilirubinemia is multifactorial, including the 
presence of an immature reticuloendothelial system, increased 
hemolysis, circulating endotoxin, and an immature hepatobiliary 
system.”* Although Gram-negative organisms are more com- 
monly reported, both Gram-positive and Gram-negative bacteria 
can be associated with the development of cholestasis.’ The natural 
progression of jaundice associated with Gram-negative neonatal 
sepsis includes biochemical changes in the first 3 days after the 
onset of sepsis and resolution that may occur over a variable 
period and up to 2 months to 3 months after control of the infec- 
tion. Histologically, the liver shows bile stasis and hepatocellular 
necrosis.” Urinary tract infections, in particular, have frequently 
been associated with the development of jaundice.’ Therefore 
urinalysis and urine culture, along with blood and cerebrospinal 
fluid cultures (if the infant has fever), should be routinely per- 
formed to evaluate infection as a cause of neonatal jaundice. 
Appropriate infectious monitoring will enable the timely initia- 
tion of appropriate antibiotic therapy. 


Congenital Syphilis 

Congenital syphilis, more common in the developing world, 
remains a public health issue and should be considered in the differ- 
ential diagnosis of neonatal cholestasis.” Transplacental transmis- 
sion of Treponema pallidum spirochetes to the fetus may manifest 
itself phenotypically as a multisystem disease that includes a char- 
acteristic diffuse rash, fever, anemia, and aseptic meningitis, in 
addition to hepatomegaly, increased aminotransferase levels, and 
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TABLE 
femme Key Clinical Features and Histopathologic Features in Children Presenting With Cholestasis in Early Infancy 


Gram positive/negative 
(bacteremia, UTI) 


Jaundice; changes in bilirubin, enzyme levels, 
and INR; sepsis syndrome 


Canalicular cholestasis, hepatocellular necrosis Antibiotics; monitor 


cholestasis and liver failure 


Syphilis Jaundice, changes in bilirubin and enzyme Centrilobular inflammation, fibrosis, GCT, duct Monitor progression of 
levels; HSM, anemia, fever, rash paucity, granulomatous lesions, calcification inflammation and fibrosis 
Toxoplasma Jaundice, changes in bilirubin and enzyme Canalicular and intracellular cholestasis, Sulfadiazine and 
levels; chorioretinitis, intracranial hepatic necrosis, portal inflammation pyrimethamine (with folinic 
calcification acid and vitamin B) 
Rubella Jaundice, changes in bilirubin, enzyme, and AP Lobular and portal inflammation, GCT, bile duct Monitor progression of 
levels; HSM, rash, heart defects, cataracts proliferation disease 
CMV Jaundice, changes in bilirubin, enzymes, and Lobular and portal inflammation, GCT, bile duct Antivirals and monitor 
GGT levels; HSM, anemia, low platelet proliferation, inclusion bodies in progression of cholestasis 
count, rash, microcephaly, intracranial cholangiocytes, hepatocytes, and Kupffer and fibrosis 
calcifications cells 
HSV Jaundice, changes in bilirubin and enzyme Extensive hepatic necrosis, minimal Acyclovir and monitor liver 
levels, prolonged INR; sepsis inflammation, GCT, intranuclear inclusion in failure (liver transplant may 
transition of normal and necrotic tissue be needed) 
Enterovirus Jaundice, changes in bilirubin, enzyme levels, Acute hepatic necrosis Monitor liver failure 


and prolonged INR; sepsis 


“All patients have jaundice (with elevation of direct or conjugated bilirubin levels) and variable levels of aminotransferases. 
AP Alkaline phosphatase; CMV, cytomegalovirus; GCT, giant cell transformation; GGT, y-glutamyltransferase; HSM, hepatosplenomegaly; HSV, herpes simplex virus; /NA, international normalized ratio; 


UTI, urinary tract infection. 


jaundice.'' Histologically, small granulomatous lesions, centrilob- 
ular mononuclear infiltration, and widespread portal fibrosis may 
be seen. Giant cell hepatitis, bile duct paucity, and intrahepatic 
liver calcifications have been reported.'*'* Despite the existence 
of screening protocols and the availability of a simple, effective, 
and affordable treatment, most pregnant women worldwide do 
not receive adequate services.'’ Appropriate serologic testing for 
syphilis should be undertaken in any infant with unexplained 
jaundice, especially in endemic regions. If the test is positive, 
prompt treatment with penicillin should be initiated. 


Other Infections 


Toxoplasmosis 

Maternal infection with the intracellular protozoan Toxoplasma 
gondii may be asymptomatic or mild in the mother but is a 
requirement for the development of congenital toxoplasmosis. 
Although mainly a sequela of primary infection, congenital toxo- 
plasmosis can also occur in infants when women are infected 
shortly before pregnancy, when immunosuppressed women 
undergo reactivation, and when women develop a second infec- 
tion with a different serotype during pregnancy.’ Infection is 
mainly acquired by the eating of undercooked meat or from food 
contaminated with cat feces.” Toxoplasmosis transmission leads 
to a spectrum of clinical manifestations in the infant, with the 
severity of clinical disease being inversely related to the gestational 
age at the time of maternal infection.'*’? Classic disease with 
hydrocephalus, chorioretinitis, and intracranial calcifications may 
not be present at birth, and hepatitis may be the only indication 
of infection.””*' Liver histology is relatively nonspecific, demon- 
strating generalized hepatitis with areas of necrosis, intracellular 
bile stasis, and inflammatory periportal infiltration. However, 


Toxoplasma organisms may be seen in the liver with use of fluo- 
rescent antibody staining. 

Prevention of primary toxoplasmosis infection in pregnant 
women is critical to decreasing the incidence of congenital toxo- 
plasmosis.”” Prompt treatment of pregnant women at diagnosis of 
acute toxoplasmosis is recommended to minimize the impact on 
the offspring.” Prenatal diagnosis can be made by the detection 
of the parasite in fetal blood or amniotic fluid. Postnatally, umbili- 
cal cord blood or peripheral blood polymerase chain reaction 
(PCR) can be used to detect the parasite. If congenital toxoplas- 
mosis is found, treatment of the infant with sulfadiazine and 
pyrimethamine, in conjunction with folinic acid therapy to 
prevent hematologic adverse effects, is suggested. Although treat- 
ment may prevent further disease progression, it may be ineffec- 
tive in attacking intracellular organisms or in ameliorating the 
effects of preexisting tissue damage. 


Rubella 

Rubella before conception does not present a risk to the fetus; 
however, when the primary infection occurs during the first 
trimester, 80% of infants will exhibit symptomatic rubella.” 
Congenital rubella, which manifests itself as heart disease, hepa- 
tosplenomegaly, low birth weight, purpura, and cataracts, has 
become a rare disease because of the rubella vaccine.” Congenital 
rubella is most easily diagnosed with detection of rubella-specific 
IgM in serum or oral fluid. The virus can be detected by PCR 
or cultured from blood, urine, cerebrospinal fluid, and throat 
swabs. Hepatic involvement in congenital rubella is nonspecific, 
with elevations in conjugated bilirubin, serum aminotransfer- 
ase, and alkaline phosphatase levels. Liver histology demonstrates 
marked hepatitis with periportal inflammation and giant cell 
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transformation. Extramedullary hematopoiesis, focal necrosis, 
and bile duct proliferation can also occur. Treatment of congenital 
rubella remains largely supportive, and progressive liver disease is 
rare. Prevention is critical, largely within the context of expanded 
vaccination programs. 


Cytomegalovirus 

Cytomegalovirus (CMV) is a common human pathogen with a 
45% to 100% worldwide seroprevalence in adults. It is the most 
common cause of congenital infection, affecting 0.5% to 2% of all 
live-born infants.” Congenital acquisition of CMV may occur 
transplacentally, at delivery, or postnatally from infected secre- 
tions or blood products.” Premature infants have been noted to 
be at increased risk for the development of systemic CMV disease 
through exposure via breast milk.°’’ Most infected infants are 
asymptomatic (85%), whereas severely affected infants demon- 
strate the classic syndrome of jaundice, hemolytic anemia, throm- 
bocytopenic purpura, hepatosplenomegaly, and microcephaly 
with periventricular cerebral calcifications and chorioretinitis.”* 
Asymptomatic individuals can develop late-onset complications 
of their infection within the first 2 years of life, with sensori- 
neural hearing loss being the most common.” Liver histology 
demonstrates giant cell transformation, bile stasis, inflammation, 
fibrosis, and bile duct proliferation. Intranuclear inclusion bodies 
in the hepatocyte, bile duct epithelium, or Kupffer cells, along 
with intracytoplasmic inclusion bodies within the hepatocyte, 
are characteristic.” Positive culture from the urine, nasopharynx, 
and saliva of affected infants yields the diagnosis; however, newer 
quantitative PCR assays have demonstrated higher sensitivity and 
specificity with fewer diagnostic limitations.” 

Prenatal screening for CMV is currently not recommended 
given the lack of a proven effective intervention to prevent trans- 
mission. However, the use for CMV-specific hyperimmune globu- 
lin for the prevention of congenital CMV has shown promise, and 
larger trials are currently being conducted.” 

Current treatment strategies for congenital CMV include the 
use of antiviral drugs such as ganciclovir and foscarnet in combi- 
nation with CMV immunoglobulin. Although antiviral strategies 
have been shown to assist in the resolution of the liver disease 
induced by congenital CMV, the neurologic injury present at 
birth is usually irreversible. 


Herpes Simplex Virus 
Typically presenting in a newborn within 28 days after birth,” 
herpes simplex virus (HSV) infection is acquired from the mother 
in most cases (85% to 90%) at the time of delivery when the 
infant travels through an infected birth canal, although in utero 
and postnatal infections can occur. The efficiency of HSV trans- 
mission is significantly higher in women who acquire their 
primary infection near term.” Clinical manifestations of neonatal 
HSV have been divided into three categories: (1) infection con- 
fined to the skin, eyes, or mouth without central nervous system 
or visceral involvement, (2) central nervous system—associated 
infections, and (3) disseminated infection with multiorgan 
involvement, including the liver.” Clinically, an infant with dis- 
seminated HSV will appear normal at birth and within 1 week 
will develop a presentation indistinguishable from bacterial sepsis 
with hepatomegaly, jaundice, and temperature instability with 
progression to shock; fulminant liver failure may be present.“” 
Liver histology reveals extensive areas of necrosis with hemor- 
rhagic changes but minimal inflammation. Characteristic intranu- 
clear inclusions are typically seen at the junction of the normal and 


necrotic tissue, with prominent giant cell transformation. Impor- 
tantly, the cutaneous rash often differentiates HSV and varicella- 
zoster virus infection when a histologically similar appearance can 
occur. Furthermore, HSV intranuclear inclusions are appreciably 
smaller than those from CMV infection (see earlier).“ Diagnosis 
of disseminated neonatal HSV can be made by detection of the 
virus by means of qualitative PCR from either the cerebrospinal 
fluid or plasma.**“* Plasma levels of HSV have been shown to cor- 
relate with the clinical presentation and mortality but not with the 
neurologic outcomes.“ The use of high-dose antiviral (acyclovir) 
therapy has dramatically improved the outcomes of children with 
neonatal HSV; 12-month mortality has been reduced from 85% 
to 29%.*°** The use of prophylactic antivirals in exposed neonates 
is currently not recommended because of the relatively low risk 
of disease and the known adverse effects from the medications. 
Liver transplant has been used to treat infants with neonatal HSV 
complicated by acute liver failure.” 


Enteroviruses 

The genus Enterovirus has historically been classified into three 
main groupings: polioviruses, Coxsackie viruses, and echoviruses. 
Enteroviruses are known to cause severe fulminant hepatic failure 
with the Coxsackie B viruses and echoviruses being the most com- 
monly reported.’ Clinical presentation is generally nonspecific, 
with poor feeding, lethargy, jaundice, temperature instability, 
and rash. Disseminated intravascular coagulation and progressive 
hepatic failure can occur. A maternal history of prodromal viral 
symptoms may be elicited. These infections may be severe, with 
liver histology showing acute hepatic necrosis. Infant mortality 
can be as high as 83%, and survivors can demonstrate persistent 
hepatic dysfunction.» Diagnosis can be made by virus particle 
detection from blood, stool, urine, or another affected site. PCR 
is more commonly used over culture given its superior sensitivity 
and shorter result time. 

Supportive care remains the mainstay of treatment; although 
no virus-specific therapy is used, ongoing research focuses on the 
development of more enterovirus-specific immune globulin as 
well as directed antiviral therapies targeted at known enterovirus 
antigens.” Intravenous immunoglobulin has been used to treat 
severe cases given its broad antiviral properties. 


Parvovirus B19 

Parvovirus B19 infection should be included in the differential 
diagnosis of infants with cholestasis in the newborn period. Parvo- 
virus B19 infection usually manifests itself as a mild, self-limited 
systemic disease classically associated with the “slapped cheek” 
facial rash. However, it has been reported to cause a spectrum 
of liver disease ranging from mild hepatitis with cholestasis to 
fulminant hepatic disease associated with aplastic anemia.” 
Laboratory diagnosis consists of IgM antibody testing. Treatment 
with monoclonal anti-CD52 antibodies has demonstrated some 
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Varicella-Zoster Virus 

Varicella-zoster virus is a member of the herpes virus family 
whose primary infection is known to cause chickenpox. Com- 
plications from acquired varicella-zoster virus infection in the 
first 6 months of life are rare because of circulating maternal 
antibodies. However, hepatic complications from varicella-zoster 
virus infection have been reported, with 1.9% of infants infected 
with varicella-zoster virus manifesting some degree of hepatic 
involvement.” Treatment is mainly supportive unless an absence 


of maternal immunity is demonstrated, in which case antiviral 
therapy should be initiated. 


Hepatotropic Viruses 

There are few data to suggest that any of the known hepatitis 
viruses (A, B, C, D, and E) are causative agents of cholestasis in 
the neonatal period, and routine screening in infants presenting 
with jaundice is not necessary.” 


Cholestasis Associated With Endocrine Disorders 


Disturbances in the pituitary-adrenal axis may manifest them- 
selves as neonatal cholestasis. Although poorly characterized, 
pituitary-regulated hormones contribute mechanistically to the 
regulation of bile acid secretion and bile flow. The combination 
of hypoglycemia and neonatal liver disease suggests a possible 
disturbance of pituitary or adrenal function. 


Hypopituitarism 

Congenital hypopituitarism, the most common form of pituitary 
dysfunction in neonates, is usually induced by mutations of genes 
encoding transcription factors operating in the pathway of pitu- 
itary development.%*! The most common form of congenital 
hypopituitarism is the syndrome of septo-optic dysplasia, character- 
ized by optic nerve hypoplasia, midline developmental defects, 
thinning or absence of the corpus callosum, and deficiencies of 
pituitary hormones.” Classically, septo-optic dysplasia presents in 
the neonatal period with hypoglycemia, eye movement abnor- 
malities (e.g., wandering nystagmus), and cholestasis. Additional 
syndromes associated with hypopituitarism and cholestasis include 
congenital pituitary hormone deficiency and panhypopituitary 
syndrome; micropenis may be present.°*®’ The cholestasis associ- 
ated with hypopituitarism is generally mild and resolves with 
recognition of the underlying endocrine disorder and institution 
of the appropriate hormone replacement therapy. 


Adrenal and Thyroid Disorders 
Congenital defects in adrenocorticoid hormone production and 
secretion can cause mild cholestasis in neonates and may be associ- 
ated with asymptomatic elevation in serum aminotransferase levels.” 

Both hyperthyroid and hypothyroid can result in liver abnor- 
malities, including jaundice, because thyroid hormones directly 
affect bile salt—independent bile flow. Additionally, low thyroid 
hormone production, with resultant elevations in thyroid- 
stimulating hormone levels, can repress hepatic bile acid synthesis 
and manifest itself as decreased bile flow and cholestasis.” 

Liver injury associated with hyperthyroidism may present with 
a hepatocellular and/or a cholestatic pattern, with cholestasis 
present in up to 17% of patients with thyrotoxicosis. Hepatocel- 
lular function improves and cholestasis subsides in most cases 
following recognition and treatment of the underlying disorder. 

Hypothyroidism has been associated with cholestasis second- 
ary to reduced bile acid and bilirubin excretion." Experimentally, 
the reduction in bilirubin excretion results from decreased UDP- 
glucuronyltransferase activity.°’ Children with hepatic manifesta- 
tions of hypothyroidism often present with mild jaundice with 
both conjugated and unconjugated hyperbilirubinemia. 


Cholestasis Associated With Genetic Mutations 


Several inherited syndromes presenting with chronic intrahepatic 
cholestasis have been described in children. They comprise a group 
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of patients with chronic intrahepatic cholestasis that share similar 
clinical features but differ in pathogenesis and prognostic implica- 
tions. Despite clinical heterogeneity, the diagnosis of progressive 
familial intrahepatic cholestasis (PFIC) demands the presence of 
(1) chronic, unremitting hepatocellular cholestasis, (2) exclusion 
of identifiable metabolic or anatomic disorders, (3) an occurrence 
pattern consistent with autosomal recessive inheritance, and (4) a 
characteristic combination of clinical, biochemical, and histologic 
features. The genetic defects can cause abnormal folding of pro- 
teins, defects in the synthesis of bile acids, disruption in canalicu- 
lar transport, and abnormal formation and flow of bile (Fig. 63-1). 


a,-Antitrypsin Deficiency (OMIM 613490) 


Homozygous ©.,-antitrypsin (AlAT) deficiency is a common 
genetic disorder with an estimated prevalence of 1 per 3000 
persons.” Of this population, 8% to 10% will develop clinically 
significant liver disease before the age of 20 years.” AIAT defi- 
ciency is the most frequent genetic cause of liver disease in chil- 
dren and has historically been the most common genetic indication 
for liver transplant. 


Biochemistry and Genetics 

AIAT is a secreted glycoprotein produced predominantly by the 
liver.” Functionally, A1AT can be classified as a protease inhibi- 
tor (Pi) targeting neutrophil elastase in addition to several other 
neutrophil proteinases with substantial tissue activity.” More than 
100 allelic variants, designated as Pi phenotypes and inherited in 
a dominant fashion, have been identified.” Structural variants 
are classified by agarose gel electrophoresis, in which a letter is 
assigned to each A1AT variant according to the position of gel 
migration. The most common AIAT variant in the United States 
is the M family; thus the normal phenotype is PiMM with cor- 
responding AlAT serum concentrations greater than 1.5 g/L.” 
Individuals with the most common severe deficiency variant have 
an AIAT mutant protein that migrates on the gel to a location 
designated Z. Individuals with the PiZZ phenotype produce a 
protein that is retained in the hepatocyte, with minimal secretion 
into the circulation (Table 63-2). Although most of the mutant 
protein undergoes degradation by proteosomal and autophagic 
processing, some of the protein escapes this process and accumu- 
lates and aggregates in hepatocytes.” The disease associated with 
AlAT deficiency represents a toxic gain of function in which 
the mutant protein incites a series of cytotoxic injuries.” Only 
a minority (8% to 10%) of PiZZ homozygotes develop hepatic 
manifestations, suggesting that there exist additional to-be-deter- 
mined genetic or environmental factors unique to those indi- 
viduals who present with significant liver disease early in life.” 
Although PiZZ is recognized as the most common phenotype of 
children with liver disease, several other allelic variants have been 
reported to affect the liver in a manner similar to PiZZ children. 
Individuals with the compound heterozygosity PiSZ phenotype 
may demonstrate a liver injury pattern analogous to PiZZ.’'”* 
Liver disease has also been reported in patients with several 
other A1AT allelic variants, such as PiM maron PiMws PiMopuartes 


and Piz” 


Clinical Manifestations and Outcomes of a,-Antitrypsin 
Deficiency—Associated Liver Disease 

The presentation of children with liver involvement secondary to 
AIAT deficiency is bimodal with (1) early presentation of cho- 
lestasis (within the first 1 month to 2 months of life) and (2) older 
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e Fig. 63-1 The site of molecular defects that result in intrahepatic cholestasis in children, with accumula- 
tion of mutant o1-antitryosin (A1AT) in the cytoplasm, localization of the canalicular proteins familial 
intrahepatic cholestasis 1 (FIC1), bile salt export pump (BSEP), and multidrug resistance protein 3 (MDR3), 
the relationship between tight junction protein 2 (TUP2) and the claudin 1 (CLDN1), and the cholangiocyte 
expression of JAG7. 


children presenting with advanced, chronic disease manifesting 
itself as portal hypertension, hematemesis, or cryptogenic cirrho- 
sis. Laboratory investigations in A1AT-deficient infants with jaun- 
dice typically show elevated conjugated bilirubin and serum 
aminotransferase, alkaline phosphatase, and y-glutamyltransferase 
(GGT) levels. Decreased birth weights unrelated to prematurity 
may also be seen. Children may present with variable degrees of 
liver failure, even early in the course.” 

The natural history of A1AT deficiency—associated liver disease 
is best described in the Swedish nationwide screening study, where 
multiple outcome patterns were appreciated.’' Of 200,000 infants 
screened, 120 were identified as having PiZZ; 14 of the 120 had 
prolonged jaundice, with 9 having severer liver complications. 
Eight of the 120 children with PiZZ were noted to have mild 
hepatic involvement with slightly elevated bilirubin and amino- 
transferase levels. Approximately 50% of the remaining PiZZ 
children were noted to have abnormal aminotransferase levels.”! 
Recent prospective studies have demonstrated that many A1AT- 
deficiency children who present with hepatic involvement spon- 
taneously improve.”**' Factors that promote progression of liver 
disease secondary to A1AT deficiency are largely unknown. 


Hepatic Pathology 

The distinctive histologic finding of homozygous PiZZ AlAT 
deficiency is the presence of periodic acid—Schiff-positive, diastase- 
resistant eosinophilic globules in the endoplasmic reticulum of 
affected livers (Fig. 63-2, A). However, the presence of these 
globules is not diagnostic, as similar lesions have been shown in 
individuals with the PiMM phenotype and alternative hepatic 
disease processes. Less specific findings include hepatocellular 
damage with giant cell transformation, portal fibrosis, and both 
bile duct proliferation and paucity. 


Diagnosis 

Diagnosis is best achieved by determination of the A1AT pheno- 
type by isoelectric focusing or by agarose gel electrophoresis at an 
acidic pH. Serum levels of ALAT are not reliable for diagnostic 
purposes as various clinical scenarios can affect the level. Low 
levels have been found in PiMM infants born prematurely, and 
as an acute-phase reactant, AlAT levels may be falsely elevated in 
states of inflammation or stress. A diagnosis of A1AT deficiency— 
associated liver disease in heterozygote infants (PiMZ, PiMS, 
or PiSZ) should be made cautiously. Although investigators 


TABLE 
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Classification of Inherited Syndromes of Intrahepatic Cholestasis Based on the Biologic Defect 


Disorders of canalicular  PFIC2, BRIC2 ABCB11 Bile salt export pump; canalicular protein with ATP-binding cassette; works as a 
transport pump transporting bile acids through the canalicular domain 
PFIC3, ICP, cholelithiasis ABCB4 Multidrug resistance protein 3; canalicular protein with ATP-binding cassette; works 
as a phospholipid floppase in the canalicular membrane 
Dubin-Johnson syndrome  ABCC2 Multidrug resistance—associated protein 2; canalicular protein with ATP-binding 
cassette; regulates canalicular transport of GSH conjugates and arsenic 
Complex, multiorgan PFIC1 (Byler disease), ATP8B1 Familial intrahepatic cholestasis 1; P-type ATPase; aminophospholipid translocase 
disorder BRIC1, RFCFI, GFC that flips phosphatidylserine and phosphatidylethanolamine from the outer layer to 
the inner layer of the canalicular membrane 
PFIC4 TJP2 Tight junction protein 2 
NISCH CLDN1 Claudin 1; tight junction protein 
ARC syndrome VPS33B Vascular protein sorting 33B; protein that regulates fusion of proteins to cellular 
membrane 
Altered ion transport Cystic fibrosis CFTR Cystic fibrosis transmembrane conductance regulator; chloride channel with 
ATP-binding cassette; regulates chloride transport 
Disorders of Alagille syndrome JAG1 Jagged 1; transmembrane, cell-surface protein that interacts with Notch receptors to 
embryogenesis regulate cell fate during embryogenesis 
ARPKD PKHD1 Fibrocystin 1; protein involved in ciliary function and tubulogenesis 
ADPLD PRKCSH Hepatocystin; protein assembles with glucosidase II alpha subunit in endoplasmic 
reticulum 
Metabolic diseases A1AT deficiency SERPINA1 AAT; accumulation of mutant PiZZ in hepatocytes; decreased antiproteolytic activity 
due to low levels of circulating A1AT 
BASD: neonatal cholestasis AKR1D1 3-Oxo-A*-steroid 5B-reductase; enzyme that regulates bile acid synthesis 
with giant cell hepatitis  CYP7B/ Oxysterol 7o.-hydroxylase; enzyme that regulates the acidic pathway of bile acid 
synthesis 
BASD: chronic intrahepatic HSD3B7  3f-Hydroxy-5-C,7-steroid oxidoreductase; enzyme that regulates bile acid synthesis 
cholestasis 
FHC TJP2 Tight junction protein 2; belongs to the family of membrane-associated guanylate 
kinase homologs that are involved in the organization of epithelial and endothelial 
intercellular junction; regulates paracellular permeability 
BAAT Bile acid CoA:amino acid N-acyltransferase; enzyme that transfers the bile acid 
moiety from the acyl-CoA thioester to either glycine or taurine 
EPHX1 Epoxide hydrolase 1; microsomal epoxide hydrolase regulates the activation and 
detoxification of exogenous chemicals 
Wilson disease ATP7B ATPase, Cu?*-transporting beta polypeptide; P-type ATPase; functions as a copper 
export pump 
NICCD SLC25A13 Citrin; mitochondrial aspartate and glutamate carrier involved in the malate-aspartate 
NADH shuttle 
Niemann-Pick Type C NPC1 Abnormal cholesterol esterification and storage 
Unclassified disorders NAICC CIRH1A Cirhin; protein involved in cell signaling (?) 
Villin deficiency VIL1 Villin; protein involved in structural integrity of canalicular microvilli 
MAS GNAS1 Postzygotic activating mutations of arginine 201 leading to the constitutive activation 


of the guanine nucleotide—binding protein alpha subunit 


Data from Balistreri WF, Bezerra JA. Whatever happened to “neonatal hepatitis”? Clin Liver Dis 2006;10:27-53. 

ATAT, o-Antitrypsin; ADPLD, autosomal dominant polycystic liver disease; ARC, arthrogryposis—renal dysfunction—cholestasis; ARPKD, autosomal recessive polycystic kidney disease; BASD, bile acid 
synthetic defect; BRIC, benign recurrent intrahepatic cholestasis; FHC, familial hypercholanemia; GFC, Greenland familial cholestasis; GSH, glutathione; /CP intrahepatic cholestasis of pregnancy; MAS, 
McCune-Albright syndrome; NAICC, North American Indian childhood cirrhosis; M/CCD, neonatal intrahepatic cholestasis caused by citrin deficiency; MISCH, neonatal ichthyosis-sclerosing cholangitis; 
PFIC, progressive familial intrahepatic cholestasis; RFCFI, recurrent familial cholestasis in the Faeroe Islands. 


have aimed to demonstrate an association between phenotype 
and disease burden, the population studied was drawn form a 


pathology registry and concurrent prospective controls were not 
included.”?*” 


Treatment 
Currently, there is no specific therapy for AIAT deficiency— 
associated liver disease. Appropriate supportive care with nutritional 


and vitamin replacement while cholestasis persists is important. 
Liver transplant has been performed in children with progressive 
dysfunction, with transplantation allowing for excellent survival 
in children and adults.**** However, as the autophagic and genetic 
contributions to disease pathogenesis are becoming clearer, newer 
disease strategies are emerging.” ®® Autophagy is a process by 
which cells self-digest and recycle amino acids as a mechanism for 
homeostatic turnover and to survive stresses such as starvation.” 
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e Fig. 63-2 A, Periodic acid—Schiff and diastase staining of a liver section showing cytoplasmic accu- 
mulation of mutant o1-antitrypsin (ZZ phenotype; arrows) and hematoxylin and eosin staining of liver 
biopsies from children with: (B) cystic fibrosis (pericholangitis and accumulation of eosinophilic material 
in bile ducts—large and small globules), (C) bile acid synthetic defect (giant cell transformation; arrows), 
(D) deficiency of bile salt export pump (lobular disarray and giant cell transformation; arrows), 
(E) deficiency of multidrug resistance protein 3 (bile duct proliferation and portal inflammation), and 
(F) Alagille syndrome (absence of bile duct in a portal tract). 


Autophagy-enhancing drugs, such as carbamazepine, have been 
shown to decrease hepatic AIAT accumulation.***” Additional 
therapeutic strategies on the horizon include gene therapy**”’ and 
autologous cell-based therapies.”"”” 


Cystic Fibrosis (OMIM 219700) 


Cystic fibrosis, the most common genetic disorder affecting Cau- 
casians, has a multisystem phenotype secondary to epithelial elec- 
trolyte transport abnormalities. Key phenotypic features include 
pancreatic insufficiency, elevated sweat chloride concentrations, 
and chronic lung disease.” Cystic fibrosis—associated liver disease 
(CFALD) is now well characterized and can lead to substantial 
morbidity now that patients have improved life expectancy.” It is 
now the third leading cause of death in cystic fibrosis patients, after 
primary pulmonary disease and complications of lung transplant.” 

Cystic fibrosis is an autosomal recessive multiorgan disorder 
caused by a mutation in the CFTR gene, which encodes the cystic 
fibrosis transmembrane conductance regulator (CFTR), which is 
expressed in the apical membrane of secretory epithelial cells and 
promotes transmembrane efflux of chloride (CI). Although 
several mutations have been identified in CFTR, AF508 is the 
most prevalent; this and other mutant proteins lead to defective 
salt and water secretion and an altered composition of secreted 
fluid, including bile. 

In the liver, CFTR, which is expressed on cholangiocytes and 
gallbladder epithelium but not in hepatocytes,’ promotes bile 
formation and alkalinization through the regulation of CI, 
HCO;;,, and water transport (see Table 63-2).”””” 

The degree of liver disease in patients with cystic fibrosis is 
variable; although the precise mechanisms of injury have not been 


fully defined, the existence of alternative Cl’ channels may be able 
to compensate for the malfunctioning CFTR.” Proposed patho- 
genic mechanisms of disease include (1) the retention of toxic bile 
acids, which activate circuits that lead to focal biliary cirrho- 
sis,” '°' (2) decreased bile flow and thickened, inspissated secre- 
tions in the bile ductules, and (3) the production of an abnormally 
folded CFTR that is resistant to degradation by the ubiquitin- 
proteosome pathway, thus forming aggresomes that have a direct 
toxic effect on the cholangiocyte.” 

The clinical spectrum includes both liver CFALD and biliary 
tract abnormalities—bile duct stenosis, cholecystitis, and micro 
gallbladder (estimated to be present in 20% to 30% of patients). 
Liver function test abnormalities are mild in most cases and may 
not correlate with the degree of tissue injury or dysfunction, 
which makes it difficult to study the prevalence of liver disease in 
cystic fibrosis cohorts.'** Current best estimates point to a preva- 
lence of 10% to 26%, with cirrhosis occurring in 7% to 13% of 
patients.””!°*'°° The peak occurrence of CFALD before or during 
adolescence suggests that time is not the most important factor 
contributing to the development of hepatobiliary complications; 
male sex, HLA subtypes, and the coexistence of mutant alleles in 
the genes SERPINAI (encoding A1AT), SERPINE] (encoding 
plasminogen activator inhibitor 1), and TIMP1 (tissue inhibitor 
of metalloproteinase 1) may be linked to the degree of disease 
severity. 


Clinical Manifestations and Hepatic Pathology 

CFALD is usually asymptomatic and slowly progressive, and the 
diagnosis is made when patients develop organomegaly, portal 
hypertension, or variceal bleeding. A minority of patients will 


present with a clinical picture of neonatal cholestasis. For the vast 
majority, resolution of jaundice is expected during the first few 
months of life. Liver biopsies may show steatosis (23% to 67% 
of patients), possibly related to nutritional deficiencies,'°°!'''"* 
and focal biliary cirrhosis with areas of portal inflammation and 
fibrosis, bile duct obstruction and proliferation, and the inclusion 
of eosinophilic material in the bile ductules are characteristic (see 
Fig. 63-2, B). Significant disease has been detected in 11% of 
infants and up to 72% of adults.''' Focal biliary cirrhosis may 
progress to severe multilobular cirrhosis with portal hypertension 
or liver failure. 


Diagnosis 

The diagnosis of CFALD is usually established by a combina- 
tion of physical findings, biochemical tests, imaging techniques, 
and histology. The patient may have hepatomegaly (steatosis) or 
a small, hard, or multilobulated liver (cirrhosis), splenomegaly, 
palmar erythema, spider nevi, and clubbing. Among the liver 
enzymes, GGT may be particularly helpful.''* Given its improved 
sensitivity over biochemical testing, ultrasonography should be 
performed in any child with suspected CFALD.''''® Additional 
imaging modalities that have been used in the evaluation of 
CFALD are CT, MRI, and magnetic resonance cholangiopan- 
creatography; transient elastography (FibroScan) and acoustic 
radiation force impulse imaging have shown promise for their use- 
fulness in detecting significant CFALD."''”'*' Liver biopsy remains 
the gold standard for the diagnosis of many chronic liver diseases, 
but the benign nature of fat infiltration in cystic fibrosis—related 
steatosis and the uneven distribution of lesions in focal biliary 
cirrhosis makes pursuit of histologic assessment in patients with 
cystic fibrosis controversial. 


Treatment 

Attention to improved nutritional status is key to the treatment 
of children with cystic fibrosis, with particular attention to the 
supplementation of fat-soluble vitamins A, D, E, and K. In addi- 
tion, a caloric intake that exceeds the current recommendation 
secondary to their relative malabsorption and chronic disease state 
is of benefit. The usefulness of ursodeoxycholic acid is not well 
defined, with a Cochrane Database review finding insufficient 
evidence to justify its routine use." Unfortunately, the silent liver 
disease becomes obvious when children develop complications of 
multilobular cirrhosis and portal hypertension, with hypersplen- 
ism, variceal (gastric and esophageal) hemorrhage, ascites, and 
rarely synthetic failure with coagulopathy.''* Interventions such 
as sclerotherapy and shunts have been used for the management 
of recurrent variceal bleeds. Importantly, beta-blocker use may be 
contraindicated secondary to bronchial reactivity. 

Liver transplant has been used to treat life-threatening compli- 
cations of portal hypertension or severe functional impairment in 
children with adequate pulmonary function, compliance of care, 
and no contraindications” but it remains a subject of controversy. 
Children with cystic fibrosis undergoing liver transplant have 
lower survival at 30 days but there are reports supporting a long- 
term advantage for those who received a transplant versus children 
with CFALD on the waiting list. >!” 


Inborn Errors of Bile Acid Synthesis and Metabolism 

Bile acids are important in the intraluminal processing of dietary 
lipids. Produced from sequential modifications of cholesterol, bile 
acids are major regulators of sterol metabolism and serve as a 
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major excretory pathway for cholesterol from the body. During 
transport across the canalicular membrane, bile acids promote bile 
flow. After reaching the small intestine, bile acids aggregate and 
form micelles, which help solubilize lipolytic products, choles- 
terol, and fat-soluble vitamins, thus facilitating absorption across 
the intestinal epithelium. 


Biosynthesis and Enterohepatic Circulation 

‘The synthesis of the two primary bile acids cholic acid (30,70, 120- 
trihydroxy-5B-cholanoic acid) and chenodeoxycholic acid (301,701- 
dihydroxy-5B-cholanoic acid) occurs through a tightly regulated 
enzymatic cascade within hepatocytes.” Modifications to the 
cholesterol nucleus occur via the classic, or neutral, pathway and 
the alternative, or acidic, pathway. Both pathways work to convert 
a hydrophobic cholesterol molecule into hydrophilic primary bile 
acids. Alteration in the structure of primary bile acids by bacteria 
in the intestine gives rise to the secondary bile acids deoxycholic 
acid and lithocholic acid. Combined, primary and secondary bile 
acids form the bile acid pool, which traverses the anatomic com- 
partments of the enterohepatic circulation—the liver, biliary tract, 
gallbladder, intestine, and portal circulation—in response to meal 
stimuli. Maintenance of an adequate pool of bile acids is essential 
to normal fat absorption and bile secretion. 

Although bile acid synthesis has been demonstrated as early as 
the twelfth week of gestation,'*° neonates are born with an under- 
developed enterohepatic circulation of bile acids. The immature 
bile acid synthetic pathway which exists in the developing fetus 
leads to a decreased rate of bile acid synthesis, and to the produc- 
tion of bile acids not normally seen in older children or adults. 
‘These atypical bile acids may be important in the pathogenesis of 
cholestatic liver disease in the neonate.'”” 

Despite normal preterm and term newborn infants having a 
decreased rate of bile acid synthesis and decreased bile acid pool 
size, serum bile acid concentrations are typically increased. The 
elevated serum bile acid level during this period has been termed 
a period of physiologic cholestasis. The early elevation of serum bile 
acid levels relates to a poor hepatic extraction of bile salts from 
the portal circulation, especially in preterm infants. The levels of 
serum bile acids in infants decrease into the normal reference 
range by approximately 10 months of age.” 


Defects of Bile Acid Biosynthesis 

Multiple genetic defects in bile acid biosynthesis have been 
recognized (see Table 63-2). Primary defects involve congeni- 
tal deficiencies in enzymes responsible for catalyzing key reac- 
tions in the synthesis of cholic acid and chenodeoxycholic acid. 
The primary defects include cholesterol 7o-hydroxylase defi- 
ciency, 3B-hydroxy-C,,-steroid oxidoreductase deficiency, A*-3- 
oxosteroid 5ß-reductase deficiency, oxysterol 7o-hydroxylase 
deficiency, 27-hydroxylase deficiency (or cerebrotendinous xantho- 
matosis), 2-methylacyl-CoA racemase deficiency, trihydroxycho- 
lestanoic acid CoA oxidase deficiency, amidation defects involving 
a deficiency in bile acid CoA ligase, and side-chain oxidation 
defect in the 25-hydroxylation pathway for bile acid resulting in 
an overproduction of bile alcohols. Secondary metabolic defects 
that impact primary bile acid synthesis include peroxisomal dis- 
orders, such as cerebrohepatorenal syndrome of Zellweger and 
related disorders, and Smith-Lemli-Opitz syndrome. 


Clinical Manifestations 
Liver disease is caused by the hepatotoxicity of intermediate 
metabolites and poor choleresis that results from the lack of 
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primary bile acids. The decrease in the intraluminal concentration 
of bile acids causes malabsorption of fat and fat-soluble vitamins, 
which will lead to the development of vitamin K—dependent 
coagulopathy, neurologic symptoms due to vitamin E deficiency, 
and bone disease from low levels of vitamin D; there may also be 
malnutrition and secondary symptoms. 

The most common clinical syndrome, deficiency of 3ß- 
hydroxysteroid dehydrogenase, may present in infancy or later 
in childhood and shares clinical features of PFIC, but without 
pruritus and a low level of serum bile acids despite conjugated 
hyperbilirubinemia. The histologic findings are variable, ranging 
from giant cell hepatitis to a picture resembling chronic hepatitis. 

Deficiency of the enzyme oxosteroid 5B-reductase presents as 
severe cholestasis and liver failure developing shortly after birth, 
with coagulopathy and metabolic liver injury. In these patients 
the liver has lobular disarray and giant cell transformation (see 
Fig. 63-2, C), pseudoacinar formation, and canalicular bile stasis. 

Two less common disorders are oxosterol 7-hydroxylase defi- 
ciency and bile acid CoA:amino acid NV-acyltransferase deficiency, 
which present either as severe cholestasis and liver synthetic failure 
(in the former) or a milder form of cholestasis with pruritus, 
coagulopathy, and elevated serum levels of bile acids (in bile acid 
CoA:amino acid N-acyltransferase deficiency). 


Diagnosis 

The potential presence of bile acid defects should be considered 
in any child with persistent intrahepatic cholestasis. One recogniz- 
able laboratory clue that should trigger further investigation is the 
disproportionally normal or low serum concentration of bile acids 
in the patient with increased serum direct/conjugated bilirubin. 
Specific diagnosis is achieved by analysis of urine for metabolic 
precursors by means of liquid secondary ionization mass spec- 
trometry, formerly known as fast atom bombardment mass spec- 
trometry. With rapid gene sequencing methods, the diagnosis may 
also be obtained by the identification of biallelic mutation in 
specific genes. 


Treatment 

Successful treatment of bile acid synthetic defects has been 
achieved with oral cholic acid therapy,'*” which will down-regulate 
bile acid synthesis, promote sustained reduction or disappearance 
of toxic, atypical bile acid metabolite levels, and enable adequate 
levels of primary bile acids to generate bile flow.” Clinical 
response to therapy has been demonstrated with normalization of 
liver chemistry and liver histologic features.” Oral glycocholic 
acid therapy, an effective treatment for amidation defects, leads to 
improved growth and fat-soluble vitamin absorption. 


Inherited Syndromes of Progressive Cholestasis 

Familial recurrence of intrahepatic cholestasis with a particularly 
severe course of disease suggested a genetic basis for cholestasis— 
this group of disorders was initially referred to as progressive famil- 
ial intrahepatic cholestasis (PFIC). Greater understanding of the 
pathogenesis of PFIC was possible after the discovery of muta- 
tions in genes encoding canalicular transport proteins, each 
causing unique phenotypes of PFIC (types 1 to 3). In 2014, 
mutations in a gene encoding a tight junction protein character- 
ized a fourth group of patients (Table 63-3). Common to all forms 
of PFIC is the history of jaundice, pruritus, failure to thrive, and 
fat-soluble vitamin deficiency, which may occur at different times 
and with different severity. Cirrhosis may develop in these patients 
within 5 years to 10 years, leading to liver failure. It is important 


WAS Functional Classification of Patients With 
Progressive Familial Intrahepatic Cholestasis/ 
Benign Recurrent Intrahepatic Cholestasis 
Syndromes 


FIC1 deficiency Low Coarse, granular bile in 

Severe PFIC1, RFCFI, canaliculus by EM 
GFC 

Mild BRIC1 

BSEP deficiency Low Giant cell hepatitis, 
Severe PFIC2 amorphous bile in 
Mild BRIC2 canaliculus by EM 

MDR3 PFIC3 High Bile duct proliferation, 
deficiency portal inflammation 


TJP2 deficiency  (PFIC4?) Low Extension of tight junctions 
into paracellular space; 
diminution of electron- 
dense zona occludens 


by EM 


Data from Bezerra JA, Balistreri WF. Intrahepatic cholestasis: order out of chaos. Gastroen- 
terology 1999;117:1496-1498. 

BRIC, Benign recurrent intrahepatic cholestasis; BSEP bile salt export pump; EM, electron 
microscopy; FIC1, familial intrahepatic cholestasis 1; GFC, Greenland familial cholestasis; 
GGT, y-glutamyltransferase; MDR3, multidrug resistance protein 3; PFIC, progressive familial 
intrahepatic cholestasis; RFCFI, recurrent familial cholestasis of Faeroe Islands; TJP2, tight 
junction protein 2. 


to notice that a familial history may not be initially present, and 
some children may have a less severe course of disease. Therefore 
we refer to individual syndromes according to their molecular 
defect, with links to the commonly used numeric term of PFIC 


types 1 to 4. 


Familial Intrahepatic Cholestasis 1 Deficiency, or Progressive 
Familial Intrahepatic Cholestasis Type 1 (OMIM 211600) 
This is an autosomal recessive disorder caused by mutations in 
ATP8B1, which encodes the protein familial intrahepatic cho- 
lestasis 1 (FIC1). It is now known that FIC1 deficiency is respon- 
sible for PFIC Type 1, also known as Byler disease (named for the 
Amish descendant first described with the mutation). FIC1 acts 
as an aminophospholipid transporter that ultimately assists in the 
maintenance of appropriate aminophospholipid content between 
the inner and outer leaflets of the plasma membrane which pro- 
tects against the toxic effects of bile acids (see Table 63-2). Patients 
with FIC1 deficiency will present with intrahepatic cholestasis. 
Serum bile acid concentrations are high, with an elevated ratio of 
chenodeoxycholic acid to cholic acid, and biliary bile acid levels 
are reduced.'*” Other serologic markers of this disease are low or 
normal serum GGT and cholesterol levels. As in all PFIC disor- 
ders, pruritus is a dominant clinical feature. Importantly, extrahe- 
patic manifestations, such as recurrent pancreatitis, diarrhea, 
hearing loss, and somatic short stature, are common in patients 
with FIC1 deficiency. 

FIC1 deficiency is a progressive disease that will lead to liver 
cirrhosis by the second decade of life if left untreated.” A sub- 
group of patients may have a milder phenotype, referred to as 


Pe gs area. ts We Me _ We Dis ae T OR = 
e Fig. 63-3 Electron microscopy of a canaliculus from a child with defi- 
ciency of familial intrahepatic cholestasis 1 showing granular bile. 


benign recurrent intrahepatic cholestasis (BRIC), with episodes of 
jaundice and pruritus followed by asymptomatic periods of vari- 
able duration. Histologically there is bland hepatocellular and 
canalicular cholestasis. >! Electron microscopy shows an unusu- 
ally coarse and granular bile in the bile canaliculi (Byler’s bile; 


Fig. 63-3). 


Bile Salt Export Pump Deficiency, or Progressive Familial 
Intrahepatic Cholestasis Type 2 (OMIM 601847) 

PFIC Type 2 is caused by genetic mutations in the ABCB11 gene, 
which encodes bile salt export pump (BSEP), a transporter located 
at the canalicular membrane (see Table 63-2). The disease has a 
clinical and biochemical presentation similar to that of PFIC 
Type 1, with intrahepatic cholestasis and biochemical evidence of 
liver injury and low serum GGT levels. Patients with BSEP defi- 
ciency tend to progress to cirrhosis and liver failure more quickly 
than patients with other forms of PFIC. Additionally, they are 
also at risk for the development of hepatocellular carcinoma and 
cholangiocarcinoma.'” Appropriate monitoring should be insti- 
tuted, including annual monitoring of alpha-fetoprotein and liver 
ultrasonography. Liver biopsies characteristically show giant cell 
transformation, especially in early phases of the disease (see Fig. 
63-2, D); electron microscopy shows a filamentous or amorphous 
bile appearance in the canaliculus.'*° Immunohistochemical stain- 
ing may demonstrate decreased or absent BSEP antibody staining 
according to the type of mutation.'*’ As for FIC1 deficiency, a 
milder clinical form has also been identified and is referred to as 


BRIC Type 2. 


Multidrug Resistance Protein 3 Deficiency, or Progressive 
Familial Intrahepatic Cholestasis Type 3 (OMIM 602347) 
Genetic mutations in the ABCB4 gene, encoding multidrug resis- 
tance protein 3 (MDR3), a phospholipid floppase essential for 
biliary phospholipid secretion, are responsible for PFIC Type 3 
(see Table 63-2). Biochemically, MDR3 deficiency can be 


CHAPTER 63 Pediatric Cholestatic Syndromes 


distinguished from the other PFIC disorders by the presence of 
elevated serum GGT levels. Patients with MDR3 deficiency will 
present with intrahepatic cholestasis in infancy, which may pro- 
gress to liver failure within the first few years of life. Liver biopsy 
of these patients will show bile duct proliferation along with 
periportal fibrosis (see Fig. 63-2, E). Immunohistochemical stain- 
ing may demonstrate low or absent MDR3 staining. 

Other clinical phenotypes include transient neonatal cholesta- 
sis, intrahepatic cholestasis of pregnancy, and intrahepatic chole- 
lithiasis with a characteristically low phospholipid content (low 


phospholipid—associated cholelithiasis). '** 


Tight Junction Protein Type 2 Deficiency, or Progressive 

Familial Intrahepatic Cholestasis Type 4 (OMIM 607709) 

Genetic abnormalities in the 7/P2 gene, encoding tight junction 
protein Type 2 (TJP2), were described in children with intra- 
hepatic cholestasis and low GGT levels. 7/P2 mutations cause 
failure of protein localization and disruption of tight junction 
structure, leading to severe cholestatic liver disease (see Table 
63-2).'” Patients may also have pulmonary symptoms and poorly 
characterized gastrointestinal disease and episodes of hemorrhage. 


Treatment 

Medical therapy constitutes the initial therapy for all patients with 
PFIC disorders. Symptomatic relief of pruritus, optimization of 
nutritional status, and management of complications of chronic 
liver disease constitute the main avenues of treatment. Ursodeoxy- 
cholic acid has been used for management of pruritus; although 
it is generally safe, response rates in patients with PFIC are gener- 
ally suboptimal, but response may be seen in patients with FIC1 
and BSEP deficiencies. Some patients with MDR3 deficiency may 
be particularly responsive to ursodeoxycholic acid.'“°'“' Rifampin 
and cholestyramine have been used with variable success to treat 
severe pruritus in these patients. 

Surgical interventions, such as biliary diversion and ileal 
bypass, to decrease the enterohepatic circulation of bile acids, have 
been used with various degrees of success to treat patients with 
PFIC and intractable pruritus. In partial external biliary 
diversion a loop of the small intestine is anastomosed to the gall- 
bladder and externalized through as a stoma to facilitate bile 
drainage. Partial external biliary diversion prevents intestinal reab- 
sorption of bile acids; the mechanisms that reduce bile acid— 
induced cholestasis include an increase in bile acid turnover rates 
and a hydrophilic enrichment of the bile acid pool.'“° To be effec- 
tive, diversion needs to be performed before the establishment of 
cirrhosis. It has been used in children with intrahepatic cholestasis 
(including AGS) but the best response may be in children who 
have FIC1 or BSEP deficiency. To avoid the need for an ostomy 
following partial external biliary diversion, partial ileal bypass has 
been used as an alternative, with variable results. There are no 
prospective studies that compare partial external biliary diversion 
with ileal exclusion in well-defined patients who have intrahepatic 
cholestasis. 

Liver transplant should be considered in patients with compli- 
cations of end-stage liver disease and hepatocellular carcinoma. 
Intractable and refractory pruritus has been used as an indication 
for liver transplant. Patients with FIC1 deficiency should be coun- 
seled that extrahepatic manifestations related to their disorder 
often do not improve after transplant, and may even worsen.'*”'“* 
Furthermore, recurrence of BSEP disease secondary to alloim- 
munization of the recipient against the affected protein can 
occur.“ A small number of patients with disease recurrence 
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following transplant have been treated successfully with enhanced 
immunosuppression and anti—B-cell therapy.'” 


Alagille Syndrome 


AGS (OMIM 118450) is an autosomal dominant disorder that 
results from defects in the Notch signaling pathway (see Table 
63-2). Historically, a diagnosis of AGS was based on a constella- 
tion of physical findings in the presence of bile duct paucity on 
liver biopsy. Currently, the detection of mutations in the JAG/ 
gene or the NOTCH2 gene is particularly helpful in establishing 
a final diagnosis, especially in children presenting with few phe- 
notypic features. 


Clinical Features 

AGS typically manifests itself clinically as characteristic facial 
features accompanied by abnormalities in the liver and the cardiac, 
skeletal, renal, and central nervous systems (Table 63-4).'?''” 
Patients with symptomatic liver disease usually present with jaun- 
dice and hepatomegaly within the first year of life. Pruritus, a 
dominant feature of AGS, is rarely present in the first few months 
of life but becomes increasingly prevalent over the first few years 
of life. Extrahepatic manifestations are variable; however, the char- 
acteristic facies—a prominent forehead, deep-set eyes with hyper- 
telorism, a pointed chin, and a straight nose with a bulbous 
tip—is one of the most penetrant features and is often helpful in 
suspecting the diagnosis.” Additional phenotypic expressions of 
AGS include vertebral arch defects (butterfly vertebrae), ophthal- 
mologic abnormalities (posterior embryotoxon), cardiac defects 
(peripheral pulmonic stenosis), renal abnormalities (tubulointer- 
stitial nephropathy), long bone and calvarial fractures, and vascu- 
lar abnormalities (Moyamoya vascular pattern). 


Laboratory Evaluation 

Markers of cholestasis and bile duct damage are the most strik- 
ing abnormalities in children with AGS. High serum alkaline 
phosphatase, GGT, and bile acid levels indicate defective biliary 
excretion. Hypercholesterolemia is common, with cholesterol 
levels exceeding 1000 mg/dL and often associated with cutane- 
ous xanthoma formation. Aminotransferase level elevations are 
common, but the levels may be within normal limites in some 
patients despite biochemical evidence of cholestasis. Hepatic 


W383) Major Clinical Features of Patients With 
Z Alagille Syndrome and Relative Incidence 
Paucity of interlobular bile ducts: 85% 
Cholestasis: 96% 
Cardiovascular malformations, such as peripheral pulmonic stenosis or 
severe lesions as in tetralogy of Fallot: 97% 
Vertebral arch defects: 51% 
Posterior embryotoxon and other ocular abnormalities: 78% 
Unique facial features: 96% 
Other systems: 
Renal tubular acidosis, tubulointerstitial nephropathy: 40% 
Pancreatic insufficiency 
Cerebrovascular system anomalies with Moyamoya vascular 
pattern, intracranial aneurisms (carotid and basilar arteries): 
14% 


Data from Emerick KM, et al. Features of Alagille syndrome in 92 patients: frequency and 
relation to prognosis. Hepatology 1999;29:822-829; and Kamath BM, et al. Renal anomalies 
in Alagille syndrome: a disease-defining feature. Am J Med Genet A 2012;158A:85-89. 


synthetic function is normally preserved early but coagulopathy 
may develop secondary to fat malabsorption or progression of 
chronic liver disease. 


Histology 

Bile duct paucity remains the most consistent histopathologic 
finding of AGS (see Fig. 63-2, F). Importantly, paucity may not 
be present during infancy, and the histologic features may resem- 
ble other forms of neonatal hepatitis, with hepatocyte ballooning, 
ductular proliferation, portal inflammation, and giant cell trans- 
formation. The variability in early histologic changes has resulted 
in AGS being misdiagnosed in children as biliary atresia and their 
being subjected to the Kasai hepatoportoenterostomy procedure, 
with an adverse outcome. The definition of paucity in an infant 
is a ratio of bile duct to portal tract of less than 0.9. Progression 
of more “classic” paucity often occurs with older children with 
AGS with a bile duct to portal tract ratio of 0.5 to 0.75.77” 
Immunohistochemical stains to detect cytokeratin can be useful 
in determining paucity. 


Genetics 

AGS is inherited in an autosomal dominant manner with a 
complex phenotypic expressivity pattern. The genetic basis for 
AGS is heterogeneous, with mutations in JAGI (approximately 
94% of cases) or NOTCH2 (approximately 1% of cases).'°°" 
Both genes are integral in Notch signaling, a cell fate-determining 
pathway crucial in normal development (see Table 63-2). Cur- 
rently, more than 400 JAGI mutations have been identified across 
the entire coding region, with new mutations and phenotypic 
expression patterns being constantly reported.'®*'®* Molecular 
sequencing is available for both JAGI and NOTCH2. Once a 
diagnosis of AGS has been confirmed, additional family testing 
can be pursued if desired. Importantly, if a parental mutation is 
identified, it should be stressed that the variability in expressivity 
prevents accurate prediction of severity in any affected offspring. 


Management and Prognosis 
The goals and strategies for treating patients with AGS mirror 
those for other patients with prolonged cholestasis. Intractable 
pruritus is the dominant clinical manifestation in patients with 
AGS. Stimulation of bile flow with ursodeoxycholic acid (dosed 
at 10 mg/kg/day to 15 mg/kg/day in divided doses) has been 
used with differing results. In many patients the pruritus con- 
tinues unabated. Additional antipruritic medications have been 
used, including hydroxyzine, diphenhydramine, rifampin, nal- 
trexone, and cholestyramine alone or in combination. Different 
regimens have demonstrated various degrees of relief in individual 
patients. General treatment of children with pruritus should be 
implemented—including aggressive skin hydration with emol- 
lients and trimmed fingernails. Failure to thrive and malnutrition 
need to be closely monitored. In children with severe pruritus 
(with or without xanthomas), biliary diversion has been shown 
to relieve symptoms'” but does not prevent progression of liver 
disease.'”° 

The prognosis for children with AGS is relatively good; the 
long-term outcomes are directly related to the severity of the liver 
or cardiac involvement. Approximately 21% to 31% of patients 
will require liver transplant.'’' Indications for transplant include 
complications of end-stage liver disease, severe complications of 
chronic cholestasis such as failure to thrive, refractory cholestasis, 
and pruritus, and recurrent fractures. Importantly, the comorbidi- 
ties of AGS, such as end-stage kidney disease, often complicate 


liver transplant and should be thoroughly evaluated and investi- 
gated, often in coordination with additional subspecialists. 


Neonatal Ichthyosis and Sclerosing 

Cholangitis (OMIM 607626) 

Neonatal ichthyosis and sclerosing cholangitis syndrome is a rare 
autosomal recessive disorder characterized by scalp hypertrichosis, 
scarring alopecia, ichthyosis, and sclerosing cholangitis.” Muta- 
tions in claudin 1, a tight junction protein, are known to be 
causative (see Table 63-2). The abnormal expression of the 
related protein claudin 2 in patients with tight junction protein 
2 deficiency has been linked to mechanisms of cholestasis.” 
The relationship between structural protein mutations and clini- 
cal manifestations underscores the importance of tight junction 
proteins in appropriate bile secretion and emphasizes the role 
that disruption of structural components plays in hereditary 
cholestasis. 


Lymphedema Cholestasis Syndrome Type 1, 

or Aagenaes Syndrome (OMIM 214900) 

Lymphedema cholestasis syndrome Type 1 (hereditary cholestasis 
with lymphedema, Aagenaes syndrome) is an autosomal recessive 
form of recurrent cholestasis with fairly generalized lymphedema 
caused by lymphatic hypoplasia that affects persons of Norwegian 
decent and was first described by Aagenaes.'”*'” The gene locus 
for lymphedema cholestasis syndrome Type 1 has been mapped 
to chromosome locus 15q.'” Recurrent cholestatic episodes are 
characteristic of lymphedema cholestasis syndrome Type 1, mainly 
in the first few decades.'”’ Jaundice, which is typically appreciated 
in neonates, remits during infancy or early childhood. If remission 
is not achieved by 2.5 years of age, the prognosis is poor. The 
long-term clinical course of hepatic involvement in lymphedema 
cholestasis syndrome Type 1 is variable; however, introduction of 
aggressive nutritional and vitamin supplementation improves the 
clinical course.’ 


Cholestasis in Less Characterized Disorders 


Nonsyndromic Paucity of Bile Ducts 


Nonsyndromic bile duct paucity has historically been used to 
describe children in whom liver histology demonstrated absent or 
reduced interlobular bile ducts yet lack the distinctive extrahepatic 
manifestations of AGS. The phenotypic expression of bile duct 
paucity likely represents a collection of diseases affecting the liver, 
including infections, metabolic disorders, structural disorders, 
toxic insults, and chromosomal abnormalities. Recent advances in 
clinical investigations have enabled more appropriate diagnoses 
for children presenting with nonsyndromic bile duct paucity.” 
When an alternative diagnosis is not found, it should be noted 
that children with nonsyndromic bile duct paucity have a poor 
outcome compared with counterparts with the more classic syn- 
dromic form of paucity. However, a recent report that omega-3 
polyunsaturated fatty acid can be effective as a potent choleretic 
agent that leads to clinical improvement may provide a new 
therapeutic tool for children with nonsyndromic paucity.” 


Neonatal Hepatitis 


Idiopathic or cryptogenic neonatal hepatitis is a descriptive term for 
children with prolonged cholestasis and histologic changes of 
giant cell hepatitis and lobular disorganization who are not found 
to have any known infectious, metabolic, or other cause of their 
hepatic disease. The diagnosis is often applied to children for 
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whom there is an ill-defined pathophysiologic process associated 
with inflammatory changes in the liver without evidence of 
mechanical obstruction.'*” Historically, a diagnosis of neonatal 
hepatitis would be assigned to approximately 65% of children 
presenting with liver aminotransferase level elevations and cho- 
lestasis. However, with the advent of improved understanding of 
the metabolic and genetic factors contributing to the mechanism 
of disease, the number of children given a diagnosis of neonatal 
hepatitis has decreased to approximately 10% of children present- 
ing with neonatal cholestasis.'°"'** 

Given the idiopathic nature of the diagnosis, the mainstays of 
therapy are to manage the consequences of cholestasis. There are 
currently no specific therapies available. Outcomes also differ, 
with earlier studies indicating that approximately 60% of patients 
recover completely, usually within the first year of life.’*°'* In 
1998 an analysis of 92 infants with the diagnosis showed normal- 
ization of liver enzyme levels in 90% of patients by 1 year of age; 
liver biopsy performed in 70 patients showed portal or lobular 
fibrosis and giant cell transformation, with restoration of histo- 
logic features or improvement in follow-up biopsies in 15 of the 
patients. '** 


Giant Cell Hepatitis With Autoimmune 
Hemolytic Anemia (Bernard Syndrome) 


Giant cell hepatitis with autoimmune hemolytic anemia was first 
described by Bernard et al.'* It generally presents in older infants 
with severe liver disease and Coombs-positive hemolytic anemia. 
Liver histologic features are characterized by multilobular fibrosis 
with giant cell transformation. B-cell autoimmunity has been sug- 
gested to play a central role in the pathogenesis of the disease. '*° 
Initial therapeutic strategies to combat disease progression have 
used a combination of corticosteroids and azathioprine, however, 
published long-term outcomes of children with giant cell hepa- 
titis with autoimmune hemolytic anemia are generally reported 
as poor. 8%! 

Given the improved understanding of the pathophysiologic 
mechanisms contributing to the development of the disease, anti- 
CD20 therapies have demonstrated improved effectiveness in 
controlling morbidity and mortality, although frequency and 
duration of treatment remains to be defined.'*”!° Additional 
immune-targeted therapeutic strategies using intravenous immu- 
noglobulin, cyclosporine, and tacrolimus as monotherapy or in 
combination, usually with steroids, have anecdotally been shown 
to be effective in some children.’”' Currently, giant cell hepatitis 
with autoimmune hemolytic anemia is considered a relative con- 
traindication to liver transplant given the risk of disease recurrence 
following transplant. 


Liver Disease Associated With Intestinal 
Failure and Total Parenteral Nutrition 


Intestinal failure results from any number of processes whereby 
the functional capabilities of the gastrointestinal tract are not 
capable of providing sufficient growth, hydration, and electrolyte 
balance. In such cases, intravenous delivery of calories with par- 
enteral nutrition (PN) has proved lifesaving but carries substantial 
association with a wide spectrum of hepatobiliary complications, 
of which cholestasis is the most common. °>!” 


Clinical Features 

Intestinal failure—associated liver disease (IFALD) encompasses 
a wide spectrum of clinical presentations, from asymptomatic 
abnormalities in hepatobiliary biochemistries to fatty liver, 
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cholestasis, and the potential for progression to end-stage liver 
disease. The exact mechanisms leading to the development of 
IFALD remain undefined, with multiple factors likely contribut- 
ing. In neonates, particular risk factors for the development of 
IFALD include prematurity and low birth weight. Additional 
factors include macronutrient excess, trace element imbalances, 
frequent surgical procedures, recurrent sepsis, and lack of enteral 
feedings. ii 

The timing of the development of IFALD is variable. Clinical 
cholestasis may develop as early as 2 weeks to 6 weeks, with his- 
tologic intrahepatic progression to portal fibrosis within 12 weeks 
of ongoing administration of PN.'”'”’ The development of 
IFALD is considered to be reversible in that removal of the offend- 
ing agent and the attainment of full enteral nutritional intake are 
often associated with complete resolution of the liver disease. 
However, in children whose disease has progressed to the stage of 
cirrhosis, hepatic function may be unsalvageable. 


Liver Histology 

The histologic changes associated with IFALD are nonspecific and 
variable. A predominant pattern of cholestasis can be seen in 
patients whose PN was initiated before 6 months of age. Another 
pattern of steatosis has been reported in children whose start of 
PN was after 12 months of life.” Progression to liver fibrosis, 
although not unique to IFALD, tends to correlate with the degree 
of exposure to PN.'””'”” Importantly, a discoordinate relationship 
between the degree of liver fibrosis and biochemical abnormalities 
has been demonstrated.'*”°”°' Consequently, careful monitoring 
for the sequelae of end-stage liver disease and portal hypertension 
should occur independent of biochemical abnormalities. 


Lipid Emulsions in Intestinal Failure-Associated 

Liver Disease 

Various mechanisms related to lipid emulsions have been sug- 
gested to contribute to the development of IFALD and include 
the proinflammatory effect of linoleic acid, plant sterols, and 
activation of the liver reticuloendothelial system.” Fish oil-based 
lipid emulsions, either alone or in combination, have garnered 
increased popularity as an alternative to soy-based emulsions. 
Both decreased proinflammatory properties and decreased amount 
of plant-based sterols are thought to contribute to the hepatopro- 
tective nature of fish oil-based emulsions.” 


Treatment 
‘The primary treatment objective in the management of IFALD is 
to establish enteral nutrition and, as much as possible, wean the 
patient off PN. Nutritional management should aim to maximize 
enteral caloric intake, often with early trophic stimulation and 
continuous tube feedings with ongoing monitoring and manage- 
ment of intestinal failure complications such as malabsorption 
and fluid/electrolyte imbalance. When possible, breast milk is the 
optimal choice of enteral feeds for infants with intestinal failure.” 
Cyclic infusion of PN (given in a period of less than 24 hours, 
usually 8 hours to 12 hours) may decrease IFALD and is recom- 
mended in the stable patient requiring long-term support." 
Several agents have been used to combat the development and 
progression of IFALD with differing results. Although ursodeoxy- 
cholic acid is commonly used, a benefit from its use has not been 
demonstrated in clinical trials.*°° Intravenously administered cho- 
lecystokinin octapeptide also failed to reduce the incidence of 
IFALD compared with controls.’ Glucagon-like peptide 2 


administration has demonstrated a reduction in experimental 


cholestasis in an animal model of IFALD but has yet to be studied 
conclusively in children.”** 

The use of fish oil-based emulsions to prevent and/or minimize 
IFALD has been proposed on the basis of small series of patients 
who demonstrated improvement when compared with those 
receiving soy-based emulsions.”””*'* To date, there is no consensus 
regarding the optimum dose and type of lipid emulsion, and a 
variety of combinations and strategies have been reported with 
differing degrees of clinical improvement.””’*'**'* The prevention 
of sepsis from catheter-associated line infections is another factor 
linked to a decrease in IFALD. This is often best done at an 
experienced center with a multidisciplinary team including spe- 
cialized pediatricians, pediatric surgeons, pharmacists, dieticians, 
and nutrition nurses.” 

Once IFALD is present, assessment of the burden of liver 
disease is paramount as it can determine treatment strategies. 
When transplant is pursued, a variety of transplant options may 
be available depending on the degree of damage and the expecta- 
tions of functional improvement in the involved organ(s). Isolated 
small intestinal transplant may be provided when IFALD is mild 
and the intestinal defect uncorrectable. Progressive liver disease 
associated with intestinal failure has been the predominant indica- 
tion for multivisceral transplant in children. The 1-year survival 
rate following intestinal transplant is approximately 80%, with a 
10-year survival rate of approximately 40%. Approximately 10% 
to 20% of survivors will require partial PN or intravenous fluids 
to maintain fluid and electrolyte stability.” The role of non- 
transplant surgical interventions, such as bowel lengthening pro- 
cedures, in the prevention and management of IFALD needs 
further study. 


Extrahepatic Disorders 


Although biliary atresia remains the most common extrahepatic 
cause of neonatal cholestasis, other disorders of the extrahe- 
patic bile ducts can present as neonatal cholestasis and warrant 
consideration. 


Choledochal Cyst 


Choledochal cysts are rare congenital cystic anomalies of the 
biliary tract characterized by various degrees of dilatation at 
various segments of the biliary tract. Choledochal cysts demon- 
strate a female predominance and are more prevalent in people 
of East Asian descent. Although choledochal cysts are benign, 
they can be associated with a variety of adverse complications, 
including cholestasis, cholangitis, pancreatitis, cholelithiasis, and 
malignant transformation.’ Todani et al.” have proposed clas- 
sification into five subtypes. Type I choledochal cysts are fusiform 
dilatations of the common bile duct. Type II choledochal cysts are 
true diverticula of the common bile duct. Type HI choledochal 
cysts, also known as choledochoceles, are intraduodenal dilations of 
the common channel. There are two variations of Type IV chole- 
dochal cysts, Type IV-A, with multiple intrahepatic and extrahe- 
patic biliary dilatations, and Type IV-B, with only extrahepatic 
involvement. Type V choledochal cysts consist of cystic dilatations 
of the intrahepatic biliary tree.” 


Clinical Features 

Although it is uncommon for them to present in the neona- 
tal period, choledochal cysts have been demonstrated in up to 
2% of infants with obstructive jaundice.” Ultimately, 80% of 


choledochal cysts are diagnosed within the first decade of life.” 


The classic triad of intermittent abdominal pain, jaundice, and 
a palpable right epigastric mass is uncommon. Jaundice alone 
is the most common presenting manifestation. Additional pre- 
sentations include cholangitis, pancreatitis, portal hypertension, 
and abnormalities in hepatobiliary biochemistry. The degree of 
cystic involvement of the biliary tract may correlate with the 
type of clinical presentation. It can be an incidental finding, as in 
the presence of small, nonobstructing cystic changes detected by 
prenatal imaging. At the other extreme, there can be obstructive 
features when there is complete distal biliary obstruction, often 
histologically indistinguishable from biliary atresia.” If severe 
and unrecognized, prolonged obstruction may result in biliary 
cirrhosis. 


Diagnosis 

Ultrasonography should be the initial imaging modality in the 
evaluation of a suspected choledochal cyst. Although ultrasonog- 
raphy may assist in differentiating a choledochal cyst from other 
obstructive lesions, the ultimate diagnosis is often made at the 
time of surgical exploration. 


Treatment 

Surgical intervention remains the mainstay of treatment, with a 
goal of complete excision of the cyst mucosa. Laparoscopic cyst 
resection has been shown to be safe, with outcomes comparable 
to those of open resection.” >? 


Caroli Disease and Caroli Syndrome 


Caroli disease belongs to the group of fibrocystic liver diseases 
including congenital hepatic fibrosis, von Meyenburg complexes, 
and choledochal cysts. Such diseases are believed to arise from the 
abnormal or arrested development of the embryonic ductal 
plates.” Two distinct forms of congenital intrahepatic biliary 
dilatation associated with renal cystic disease were described by 
Caroli.” The more common type, characterized by the ductal 
plate lesion of congenital hepatic fibrosis and autosomal recessive 
polycystic kidney disease, is often referred to as Caroli syndrome. 
A rarer form, characterized by pure ductal ectasia, is referred to 
as Caroli disease??? 23 


Clinical Features 

Clinical presentation is variable and may include abdominal pain, 
organomegaly, or steatorrhea. The saccular biliary tract defects 
result in susceptibility to bile stasis, biliary stones, cholangitis, 
biliary abscess, and septicemia. Although it is difficult to distin- 
guish clinically between Caroli disease and polycystic liver disease, 
it is notable that the hepatic cysts in polycystic liver disease do 
not typically communicate with normal bile ducts and portal 
hypertension is rare. Patients with Caroli disease and Caroli syn- 
drome are at risk for malignant transformation to cholangiocar- 
cinoma and should be monitored closely. 


Treatment 

Symptomatic management of the complications of Caroli disease 
and Caroli syndrome include antibiotics for recurrent infection, 
choleretics to improve bile flow, and therapeutic interventions 
in the setting of complications related to portal hypertension. 
If lesions are predominantly confined to one area of the liver, 
surgical intervention with lobectomy can be curative.” Liver 
transplant should be considered when there is diffuse hepatic 
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involvement and progressive liver decompensation.” Indica- 
tions for combined liver-kidney transplant in cases of cystic renal 
involvement include recurrent cholangitis or refractory portal 
hypertension in the setting of renal failure.” 


Spontaneous Biliary Perforation 


Spontaneous perforation of the biliary tract in the absence of 
choledochal cysts is a rare event, most commonly occurring in the 
first few months of life.” Although most cases remain idiopathic, 
pancreaticobiliary malunion, common duct obstruction, and 
atresia have been reported to be causative.” 2“ 


Clinical Features 


Clinical manifestations of spontaneous biliary perforations are 
variable depending on the age of the child. Younger patients often 
present with abdominal distension, failure to thrive, and jaundice. 
Older children will often have a severe presentation with perito- 
nitis or sepsis.” Diagnosis is often established with paracentesis 
or hepatobiliary scintigraphy. 


Treatment 

Wide drainage is the best initial management strategy. Percutane- 
ous or surgical drain placement effectively treats mot patients 
without the need for reoperation.” In refractory perforations, 
a Roux-en-Y loop of the jejunum may be used for drainage. 


Cholelithiasis 


Cholelithiasis in infancy can be related to anatomic abnormalities 
such as biliary tree anomalies, can be secondary to underlying 
disease processes such as hemolysis, cystic fibrosis, intestinal resec- 
tion, prematurity, bronchopulmonary dysplasia, Willson disease, 
inflammatory bowel disease, and sepsis, or can be related to com- 
plications of medication use such as diuretic, antibiotic, or PN 
administration.’ Approximately 15% of gallstones in indi- 
viduals younger than 18 years occur in the neonatal period.” 

The outcomes of cholelithiasis in infants are variable, ranging 
from spontaneous resolution to progression to cholecystitis. Man- 
agement strategies are equally diverse and include a spectrum of 
approaches based on clinical severity, from antibiotics to chole- 
retic agents and operative cholecystectomy.””””””” 


Cholestasis Associated With Inspissated Bile 


Inspissated bile syndrome is an infrequent cause of jaundice in 
the neonatal period. It is defined as an obstruction of the common 
bile duct by biliary sludge occurring in term infants without 
anatomic abnormalities or congenital defects involving canalicular 
transporters or bile acid metabolism.” Inspissated bile syndrome 
has been described in patients with hemolysis and after blood 
transfusions, PN, and medication administration.” 

If identified, the offending agent should be removed and any 
underlying disease contributing to the formation of inspissated 
bile should be treated. In addition, choleretic agents such as urso- 
deoxycholic acid can resolve stasis and should be used as first-line 
therapy. In refractory cases, therapeutic escalation with antegrade 
flushing of the bile ducts after percutaneous cholangiography or 
laparotomy has been required.” N-Acetylcysteine and glucagon 
have been used in combination with cholangiography flushing to 
enable more rapid clearance of bile.*”* 
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Biliary Atresia 


Biliary atresia is the final common clinical manifestation of a 
rapidly progressing, idiopathic, inflammatory process that affects 
both intrahepatic and extrahepatic bile ducts. Complete oblitera- 
tion of the biliary tract with resultant end-stage biliary cirrhosis 
occurs if there is no intervention in a timely fashion. Biliary atresia 
remains the most common cause of end-stage liver disease in 
children and the most common indication for liver transplant.””' 


Epidemiology 

Biliary atresia occurs worldwide, although with geographic vari- 
ance. The exact incidence ranges from 1 in 5000 in Taiwan to 1 
in 19,000 in the Netherlands. In the United States the disease is 
estimated to occur in 1 of every 15,000 live births.” Female 
predominance (1.25: 1) has been described.” Additionally, there 
appears to be an increased incidence in nonwhites, along with an 
association between advanced maternal age and increased parity.” 
Seasonal clustering of the disease occurrence has been reported’””””*; 


however, a report from Japan was unable to reproduce this 
finding.” 


Clinical Features 


Key manifestations of the disease are jaundice with direct/ 
conjugated hyperbilirubinemia, acholic stools, and variable 
degrees of organomegaly, with symptom onset occurring within 
the first few months of life. The presence of failure to thrive, pruri- 
tus, and hepatic dysfunction (coagulopathy, hypoalbuminemia) is 
dependent on the level of disease progression. Classically, infants 
with biliary atresia are born at term, are of normal birth weight, 
and demonstrate an unremarkable first few weeks of life, with 
variable degrees of jaundice, which may be initially erroneously 
attributed to physiologic jaundice (unconjugated hyperbilirubine- 
mia). Prompt recognition and diagnosis are critical in the infant 
with biliary atresia, as outcomes have been directly linked to the 
age at which appropriate therapeutic interventions are performed. 


Clinical Forms 


Although the clinical hallmarks of jaundice and acholic stools are 
present in all infants with biliary atresia, it is increasingly accepted 
that various clinical forms and variants exist.°°'?”?”! 

The vast majority of infants will be categorized as having a 
nonsyndromic or perinatal form of biliary atresia. Such a diagnosis 
is generally ascribed to those children who lack associated findings 
of laterality defects and/or splenic malformations (see below). A 
subgroup of the patients may have single or combined nonhepatic 
malformations such as cardiovascular abnormalities and intestinal 
malrotation.”~*”* Patients may have increased conjugated/direct 
serum bilirubin levels in the first 1 day to 2 days of life, with 
biliary atresia being diagnosed later.” 

In a second, less common clinical form of syndromic biliary 
atresia, approximately 10% of infants present with accompanying 
nonhepatic congenital malformations, including splenic abnor- 
malities (polysplenia, asplenia, double spleen) and laterality 
defects. These infants often present earlier in life than their non- 
syndromic counterparts and may have worse outcomes following 
hepatoportoenterostomy. The vast majority of these infants will 
have splenic involvement and thus have been increasingly referred 
to as having a variant termed biliary atresia—splenic malformation 
syndrome.” There are no differences in the histologic features 
of the liver that can reliably differentiate infants with and without 
congenital anomalies. 


Two other clinical variants have received attention because of 
their potential influence on clinical outcome. The first, which 
occurs in approximately 8% of biliary atresia infants, has a cystic 
malformation near the site of obstruction of the common bile 
duct.’”° These patients are often referred to as having cystic biliary 
atresia. Patients with this variant, similarly to biliary atresia— 
splenic malformation syndrome patients, tend to present at an 
earlier age than nonsyndromic biliary atresia patients. Biliary 
cysts, and subsequent diagnoses of cystic biliary atresia, have been 
detected by prenatal ultrasonography, suggesting an intrauterine 
onset of disease. Importantly, animal models that recapitulate 
cystic variant biliary atresia have demonstrated prominent Type 2 
inflammatory responses,” suggesting that perhaps the mecha- 
nisms of injury differ between the cystic variant and other clinical 
forms of biliary atresia. A second variant shows an association with 
CMV infection, with the potential for poor outcome.””*’* 
However, as for other viruses, there are geographic variations in 
CMV-associated biliary atresia.*'** Some of the inconsistencies 
may result from the methodological differences in the study of 
the patient population. For example, use of an assay that tests 
lymphocyte activation to CMV proteins identified a positive 
response in 56% of infants in the United States.°* 


Pathogenic Mechanisms of Disease 


The exact inciting events of biliary atresia remain unknown. 
However, there is a much greater understanding of the disease 
from patient-based studies and experimental models.**' The patho- 
genesis is likely multifactorial, with studies implicating defects in 
morphogenesis, vascular insults, genetic factors, environmental 
toxins, viral infection, and inflammatory dysregulation.” 

Defective morphogenesis of the hepatobiliary system may 
result from insults that disrupt normal development. This hypoth- 
esis is particularly appealing given the presence of coexisting con- 
genital anomalies found in patients with the syndromic variant of 
biliary atresia. Although the disruption of embryologic circuitry 
may result from an insult that occurs during vulnerable periods 
of organogenesis and development, no specific type of insult has 
been directly linked to biliary atresia. 

Prenatal circulatory defects have been suggested to participate 
in the pathogenesis of biliary atresia on the basis of the presence 
of abnormalities in the position of the portal vein, hepatic artery 
anomalies at the porta hepatis, and the importance of the vascular 
blood supply for the integrity of bile ducts.*°**” However, there 
are no consistent experimental data to confirm the hypothesis that 
a vascular insult, such as ischemia, causes biliary atresia. 

The contribution of genetic factors in the pathogenesis of 
biliary atresia is suggested by the nonhepatic abnormalities seen 
in the disorder in addition to the identification of several genes 
that have been implicated in the abnormal development of the 
biliary system.**”** Although experimental models of biliary 
atresia in mice have demonstrated both inactivation and/or over- 
expression of multiple genes with direct effects on the develop- 
ment of the murine extrahepatic biliary system, the causal link 
between gene mutations and human disease remainselusive.°°'?**?** 
Recent advances have enabled the identification of gene sequence 
variants with potential contributory roles in the pathogenesis of 
biliary atresia. A comprehensive genome-wide association study 
and subsequent validation reports have allowed the identification 
of nucleotide variants in ADD3, which encodes the F-actin 
binding protein adducin 3.°°”' Other studies found single 
nucleotide variants in JAGI, CD14, MIF, ITGB2, ADIPOQ, 
GPCI, and VEGEFA,°” Future work will involve building on 


these findings to better define the genetic contribution to the 
biologic relevance in human biliary atresia pathogenesis. 

The driving force for the environmental toxin hypothesis in 
biliary atresia stems primarily from two biliary atresia—like out- 
breaks in lambs and calves in New South Wales, Australia, in 1964 
and 1988, with pathologic features similar to those seen in human 
disease.’ Subsequent investigations identified a specific phytos- 
terol isolated from species of the plant Dysphania glomilifera, 
termed biliatresone, which demonstrates destructive, toxic effects 
on the extrahepatic bile duct in a zebrafish model.” Although 
endemics in humans have not been reported, the recent data 
identifying this toxin-induced cause in animals, coupled with the 
lack of clear evidence of inheritability in humans, strengthens the 
hypothesis that an environmental trigger may potentiate the 
development of biliary atresia in genetically and developmentally 
predisposed infants. 

One of the oldest and most favored theories regarding the 
pathogenesis of biliary atresia implicates microbial agents, espe- 
cially viruses. The list of potential viral offenders includes CMV, 
human papillomavirus, human herpesvirus 6, Epstein-Barr virus, 
reovirus, and rotavirus, all having been identified in the livers, 
biliary remnants, and/or serum of patients with biliary atresia.*”” 

Of all of the pathogenic mechanisms linked to the devel- 
opment of biliary atresia, a proinflammatory response, dictated 
by immune dysregulation that targets the bile ducts, has gar- 
nered the most support. This hypothesis is strengthened by the 
identification of a proinflammatory infiltration of the liver in 
children with biliary atresia, coupled with the overexpression of 
cytokines/chemokines, and supported by experimental models 
which suggest that the immune system has a critical role in disease 
pathogenesis. >> Furthermore, histologic and immuno- 
staining analyses of livers and extrahepatic remnants from infants 
with biliary atresia suggest that lymphocytes, dendritic cells, 
and Kupffer cells play key roles in the eventual destruction of 
bile ducts. The population of the liver by CD4* lymphocytes, 
CD8* lymphocytes, and natural killer cells is increased at diag- 
nosis and are associated with cell pyknoses and necrosis within 
the hepatobiliary tract.°'””' This proinflammatory infiltration is 
associated with the overexpression of markers of activation such as 
interferon-y, tumor necrosis factor O, transferrin receptor CD71, 
and interleukin-2.°°°*”* A proinflammatory molecular profile has 
been demonstrated as has increased Kupffer cell number and 
activation with MHC Class II antigen HLA-DR expression by 
cholangiocytes.*’**'' Taken together, these lines of evidence point 
to a central role for the immune system and inflammation in the 
pathogenesis of biliary atresia. 
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Diagnosis 

A variety of diagnostic algorithms have been proposed in an 
attempt to accurately and expeditiously diagnose biliary atresia. 
In addition to physical and historical data, the findings of labora- 
tory and imaging studies are often suggestive. Importantly, addi- 
tional investigations including the assessment of duodenal fluid 
for bile staining, hepatobiliary scintigraphy, or endoscopic retro- 
grade cholangiography can delay the evaluation process and are 
rarely definitive. Ultrasonography can reveal an absent gallbladder 
in addition to the more specific triangular cord that has been 
highly associated with biliary atresia.*'* Although there is a body 
of literature investigating the role of noninvasive techniques to aid 
in the diagnosis of biliary atresia, the most reliable method for 
diagnosing biliary atresia is percutaneous liver biopsy, followed by 
direct visualization of the extrahepatic bile ducts via intraoperative 
cholangiography. 


Hepatic Pathology 


Although intraoperative cholangiography remains the gold stan- 
dard in diagnosing biliary atresia, there remains an important 
role for liver biopsy. In most cases, careful clinical examination, 
repeated assessment of stool color, and needle biopsy of the liver 
can correctly identify infants with biliary atresia. It is important 
to understand the progressive nature of biliary atresia when one 
is assessing the histologic findings. The early disease course is 
defined by preservation of the basic hepatic architecture in com- 
bination with bile duct proliferation, bile stasis, and portal or 
perilobular edema and fibrosis. Up to 40% of infants demonstrate 
portal inflammation and giant cell transformation that can be 
indistinguishable from neonatal hepatitis. Bile duct plugs are a 
specific finding; however, they are found in only approximately 
40% of specimens. In very young infants, biopsy may be incon- 
clusive and a repeated biopsy 7 days to 14 days later should be 
considered if clinical suspicion remains. Overall, the histologic 
features that best predict biliary atresia are bile duct proliferation, 
portal fibrosis, and absence of sinusoidal fibrosis (Fig. 63-4).°”° 


Surgical Management of Biliary Atresia 

No specific medical therapies or preventative strategies have been 
demonstrated to be effective in patients with biliary atresia. When 
suspicion of biliary atresia is high, operative exploration should 
be performed to document the level of obstruction and direct 
surgical attempts at drainage. This operation, termed Kasai hepa- 
toportoenterostomy, has become the standard surgical approach for 
infants with biliary atresia.’ 9V 
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e Fig. 63-4 A, Hematoxylin and eosin staining of a liver biopsy sample at the time of diagnosis of biliary 
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atresia showing an expanded portal tract with bile duct proliferation and plug (arrow). B, Residual bile 
ductules (arrows) in a biliary remnant near the porta hepatitis. C, Complete obstruction of extrahepatic 


bile duct. 
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The anatomic variation of the abnormal extrahepatic bile ducts 
in biliary atresia is classified according to the Japanese Society of 
Pediatric Surgeons guidelines. There are three principal types: 
Type 1, atresia of the common bile duct; Type 2, atresia extends 
to the common hepatic duct; and Type 3, the atresia segment 
extends to the right and left hepatic ducts. Once a diagnosis of 
biliary atresia has been made and the anatomy defined, Kasai 
hepatoportoenterostomy is performed. In short, the fibrous extra- 
hepatic obstruction is resected, the porta hepatis is exposed, and 
a 35 cm to 40 cm isoperistaltic retrocolic jejunal limb is used to 
construct a Roux-en-Y drain. In patients in whom cholangiogra- 
phy indicates distal patency of the common bile duct a hepatic 
portocholecystostomy (gallbladder Kasai) procedure is an alterna- 
tive to traditional hepatoportoenterostomy. 

The prognosis of patients following hepatoportoenterostomy 
is variable. Successful bile drainage, indicated by serum bilirubin 
levels of less than 1 mg/dL within 6 months of hepatoportoen- 
terostomy, is an indicator of better long-term prognosis, with a 
10-year survival rate with native liver ranging from 73% to 
92%,"**?** In children whose jaundice persists following surgery, 
the 3-year survival rate is no more than 20%. 

Although several factors contribute to the prognosis following 
surgery, the single most important indicator of successful Kasai 
hepatoportoenterostomy is the age of the child at the time of the 
operation. The attainment of 3-month bilirubin levels of less than 
1 mg/dL following Kasai hepatoportoenterostomy approaches 
80% in children who received timely surgical intervention within 
60 days after birth.?®?8%314318319 The success rate declines precipi- 
tously to less than 20% in children older than 90 days at the time 
of the procedure. Additional factors that correlate with outcomes 
following hepatoportoenterostomy include the size of the ducts 
visualized in the porta hepatis at the time of surgery—the larger 
the ducts, the better the outcomes. Other factors include the 
coexistence of cardiovascular disease, CMV infection, and the 
overall experience of the surgical team. The type and extent of 
liver disease at diagnosis has also been postulated to be predictive 
of outcomes following Kasai hepatoportoenterostomy; however, 
the reports are conflicting. This lack of understanding regarding 
the value of histopathology and clinical response is highlighted in 
that although some investigators report poor responses in children 
with prominent inflammation in the liver at diagnosis,” others 
demonstrate poorer outcomes in children with more advanced 
fibrosis.” >? 

There is also potential value in revision of the Kasai hepato- 
portoenterostomy in patients with obstruction of bile flow after 
initial drainage or in patients with recalcitrant cholangitis. If suc- 
cessful, such reoperations can reestablish bile flow through 
debridement of the scarred area. Reoperation should be restricted 
to those infants who demonstrated successful drainage initially. 
Successful revisions have been demonstrated in more than half of 
patients who meet the above criteria, who have been adequately 
treated for potential cholangitis, and who had favorable hepatic 
histologic features and biliary ductal remnants at their initial 
operation. > 


Medical Management of Biliary Atresia 
Broad postoperative strategies to treat infants with biliary atresia 
revolve around prevention of cholangitis, stimulation of bile flow, 
and nutritional support. 

The prevention of postoperative cholangitis affects progno- 
sis following hepatoportoenterostomy. Patients can present with 
recurrent episodes of fever, abdominal pain, elevated serum 


bilirubin levels, acholic stools, and leukocytosis, with or without 
bacteremia. Generally, patients receive broad-spectrum antibi- 
otics perioperatively, followed by oral prophylaxis therapy with 
trimethoprim-sulfamethoxazole or an alternative antibiotic for 
up to 12 months. The development of repeated episodes of chol- 
angitis is ominous and may be an indication for considering 
liver transplant if these episodes are unable to be controlled with 
prophylactic antibiotics. 

Improvement in choleresis generally involves the use of urso- 
deoxycholic acid. Although improved bile flow, decreased pruri- 
tus, weight gain, and improved liver chemistry have been 
demonstrated with ursodeoxycholic acid use, its use has not been 
shown to be impactful as it relates to long-term survival or the 
need for transplant.” Given the inflammatory nature of the 
disease, corticosteroids were used by many centers with differing 
results.°*°°*” However, in a recent prospective, placebo-controlled, 
double-blind trial, high-dose corticosteroids after hepatoportoen- 
terostomy did not significantly increase the proportion of patients 
achieving biliary drainage.” 

Nutritional support is paramount in the treatment of infants 
with biliary atresia following hepatoportoenterostomy (see later). 
Patients should receive approximately 125% of the recommended 
dietary calorie allowance. Additional calories are often needed 
when bile drainage is compromised. Vitamin supplementation 
is required for infants with evidence of cholestasis as deficiencies, 
particularly of the fat-soluble faction, can quickly develop. Unfor- 
tunately, despite aggressive interventions, malnutrition often devel- 
ops with persistent cholestasis, and coagulopathy not responsive to 
vitamin K supplementation develops as the liver disease progresses. 


Liver Transplant and Outcomes 

In general, the combination of surgical and medical treatment of 
patients with biliary atresia likely constitutes a bridge to liver 
transplant, with approximately 80% of children requiring trans- 
plant following Kasai placement.*” This is reflected in the fact 
that biliary atresia remains the most common indication for pedi- 
atric liver transplant, which is an acceptable treatment modality, 
with long-term survival rates approaching 90%.” 

Despite this overall success rate of liver transplant, multiple chal- 
lenges remain. An important factor determining the posttransplant 
survival is the severity of disease burden at the time of transplant, 
with undernutrition closely associated with increased morbidity 
after transplant. Furthermore, improvements in the protocols 
for immunosuppression are required as children are particularly 
sensitive to the consequences of both underimmunosuppression 
(rejection) and overimmunosuppression (infection, posttransplant 
lymphoproliferative disease, renal insufficiency). Finally, to achieve 
the overriding objective of liver transplant, complete rehabilitation 
with improved quality of life, improved focus on growth and devel- 
opment, and enhanced motor and cognitive skill development 
will enable the best outcomes with successful social reintegration. 


General Treatment of Children 
With Cholestasis 


Children with chronic cholestasis require prompt investigation 

into the potential cause so that three objectives can be met 

(Table 63-5): 

1. Prompt diagnosis of diseases that will benefit from specific 
therapies (galactosemia, panhypopituitarism, tyrosinemia, 
urinary tract infection) 


WAE Main Elements and Considerations for 
ZZE the Diagnostic Approach to Neonates 
With Cholestasis 


Clinical History 


Is there evidence of nonhepatic diseases: Bacterial sepsis, TORCH and 
other infections, panhypopituitarism 


Physical Examination 


Syndromic features: facial features (Alagille syndrome) and bone 
malformations (ARC syndrome) 

Cardiac defects (Alagille syndrome and biliary atresia), laterality defect 
(biliary atresia) 

Pulmonary symptoms (cystic fibrosis, TJP2 deficiency) 


Laboratory Tests to Consider 


Blood count, serum electrolytes and glucose, bacterial culture, viral 
studies 

Liver function biochemistry: ALT, AST, total and direct/conjugated 
bilirubin, alkaline phosphatase, GGT, PT/INR 


Radiologic Tests 


Abdominal/liver ultrasonography (to include Doppler and spleen 
examination) 
Chest X-ray (to assess heart and vertebral bodies) 


Metabolic and Specialized Tests 


ot,-Antitrypsin phenotype 

Serum bile acid concentration (if normal or low in the presence of an 
increase in direct/conjugated bilirubin levels, evaluate the patient for 
bile acid synthetic defect with urine analysis by LSIMS) 

Sweat test or CFTR mutation analysis (when cystic fibrosis is 
suspected) 

Genetic tests when evaluating patients for Alagille syndrome (JAG7 or 
NOTCH2) or PFIC/chronic cholestasis (Type 1, FIC7; Type 2, ABCB11,; 
Type 3, ABCB4; Type 4, TJP 


Liver Biopsy Necessary to Evaluate Patients for Biliary Atresia 


Biopsy to be considered promptly to assess patients for biliary atresia 
in infants with cholestasis and no evidence of systemic disease, 
normal phenotype for o,-antitrypsin, and acholic stools 


ALT, Alanine transaminase; AST, aspartate transaminase; ARC, arthrogryposis—renal 
dysfunction—cholestasis syndrome; GGT, y-glutamyltransferase; /NA, international normalized 
ratio; LSIMS, liquid secondary ionization mass spectrometry; PT, prothrombin time; 
TJP2, tight junction protein 2. 


2. The timely surgical intervention in the setting of biliary atresia 
and choledochal cyst 

3. Deployment of prevention and treatment strategies to combat 
the varied medical and nutritional consequences of obstructive 
liver disease 

In general, only a minority of children are amenable to curative 

treatments once a diagnosis is made; however, new treatments will 

emerge from a greater understanding of the pathogenesis of cho- 

lestasis syndromes. For all children, aggressive and tailored nutri- 

tional management will promote growth and development. 


Nutritional Support 


Reduction in the delivery of bile to the intestine leads to the 
development of steatorrhea, malnutrition, and growth failure in 
cholestatic children. The association of malnutrition with poorer 
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outcomes in pediatric liver transplant recipients led to the inclu- 
sion of growth failure as a component in the pediatric end-stage 
liver disease scoring system. The decreased delivery of bile acids 
to the intestine during states of cholestasis results in defective 
transport of fat across the intestinal lumen, with subsequent mal- 
absorption of dietary fats and fat-soluble vitamins (A, D, E, 
and K). Additional adverse nutritional consequences of progres- 
sive, chronic liver disease that contribute to overall malnutrition 
include abnormal glucose metabolism, increased resting energy 
expenditure, recurrent infections, anorexia, and early satiety, and 
as well as compression of abdominal viscera, with resulting feeding 
intolerance secondary to organomegaly. 


Nutritional Assessment 


Comprehensive nutritional assessment should be performed for 
any child with cholestasis so as to establish baseline parameters 
and to monitor the child for the effectiveness of nutritional reha- 
bilitation.”*' Traditional measurements used to assess nutritional 
status are often not applicable in children with chronic liver 
disease. Weight gain may be falsely increased secondary to compli- 
cations of liver disease such as organomegaly, ascites, and overall 
fluid sequestration. Subsequently, weight for age and weight 
for height may be falsely reassuring. Instead, serial estimates of 
body fat using triceps and subscapular skinfold thickness and of 
body protein using midarm muscle circumference are a better 
estimation of nutrition in children with chronic liver disease.” 
Metabolic bone disease in children with chronic liver disease, 
termed hepatic osteodystrophy, is a multifactorial process that 
commonly develops secondary to vitamin D and calcium mal- 
absorption, resulting in secondary hyperparathyroidism, and a 
combination of both decreased bone formation and increased 
bone resorption.” 


Nutritional Therapy 


Aggressive nutritional therapy and rehabilitation is critical for the 
cholestatic infant and child. Secondary to increased energy expen- 
diture, the goal for children with cholestasis is to increase overall 
intake to 125% of the recommended dietary allowance. Addi- 
tional calories may be required in cases where there is a need for 
catch-up growth. Concentrated formulas are often used to maxi- 
mize caloric intake on the basis of relative volume limitations in 
small children. Although oral feeding is important for the main- 
tenance of oral-motor skills, nasogastric tube feedings are often 
required to enable adequate caloric intake. In general, given the 
tisk of gastric varices in the setting of portal hypertension, gas- 
trostomy tube placement is avoided. In the pretransplant setting, 
where postsurgical outcomes can be directly related to presurgical 
nutritional status, PN has been used.*” 

The relative deficiency of luminal bile acids in cholestatic 
infants results in overall fat malabsorption. Consequently, formu- 
las containing higher proportions of medium-chain triglycerides 
(MCTs), which are more water soluble and thus more easily 
absorbed across the intestine, should be used. Pregestimil (Mead 
Johnson) and Alimentum (Abbott Nutrition) are MCT oil-rich 
formulae often used in cholestatic children. In general, these 
should be used to supplement a breast-feeding infant, or as a sole 
means of fluid intake should refractory steatorrhea dictate that 
breast-feeding be stopped. 

The combination of fat malabsorption and increased energy 
expenditure can result in deficiency of essential fatty acids such as 
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linoleic acid and linolenic acid, the two primary essential fatty 
acids. Additionally, arachidonic acid, which is derived from lin- 
oleic acid, should be considered essential in infants. Essential fatty 
acid deficiency can manifest itself as poor growth, scaly rash, 
thrombocytopenia, and immune dysfunction. Biochemical evi- 
dence of essential fatty acid deficiency, assessed by linoleic acid 
levels and plasma triene-to-tetraene ratio, should be measured in 
cholestatic children to evaluate them for the need for essential 
fatty acid supplementation. 

Just as most fats are dependent on bile acids for proper absorp- 
tion, so are the fat-soluble vitamins A, D, E, and K. Neonates 
with cholestasis can demonstrate complete depletion of their fat- 
soluble vitamin stores within the first 4 months to 12 months 
of life if supplementation is not initiated. Importantly, routine 
supplementation may not be adequate to prevent deficiency. 
Vitamin deficiencies are appreciated in 35% to 50% of infants 


for vitamin A, 66% for vitamin D, 50% to 75% for vitamin E, 
and 25% for vitamin K despite supplementation.” Vitamin 
status should be monitored carefully and supplemental dosing 
tailored specifically on the basis of the clinical requirements for 
individual patients. 

Additional trace element deficiencies that may develop in the 
cholestatic infant and thus require monitoring and possible sup- 
plementation include calcium, phosphate, magnesium, zinc, sele- 
nium, and iron deficiencies. Copper, manganese, and aluminum 
are all excreted by the hepatobiliary system and may accumulate 
in the liver or systemic circulation of cholestatic children. Cur- 
rently, there is little evidence to suggest direct clinical effects as 
they relate to the elevated levels of copper, manganese, and alu- 
minum. However, general caution should be used when one is 
considering administration, and avoidance of substances that 
contain these elements is warranted. 


SUMMARY 


Recent Progress 

e The genetic basis of chronic intrahepatic cholestasis includes a fourth 
type of PFIC due to mutations in the TJP2 gene (PFIC Type 4). 

e Advances in our understanding of the pathogenesis of intrahepatic 
cholestasis link clinical phenotypes to abnormal folding of proteins, 
accumulation of toxic bile acid precursors, disruption in canalicular 
transport, and abnormal formation and flow of bile. 

e Initial reports suggest that molecular chaperones improve canalicular 
expression of BSEP and suppress pruritus in children with PFIC Type 2. 

e Proof-of-principle studies in murine and zebrafish models of biliary 
atresia show rotavirus and biliatresone as environmental factors that 
cause biliary injury and obstruction. 

e Cellular, molecular, and animal studies uncovered key roles for the innate 
and adaptive immune systems in the pathogenesis of biliary injury and 
obstruction in biliary atresia. 

e Controlled trials of corticosteroids following hepatoportoenterostomy for 
biliary atresia show a lack of efficacy to improve bile flow in large 
patient cohorts, but open-label studies show a potential improvement in 
those infants undergoing surgery at an earlier age. 


Key Knowledge Gaps 

e The lack of biochemical or radiologic markers with high sensitivity and 
specificity for CFALD. 

e Limited understanding of the mechanisms underlying the increased 
incidence of hepatocellular carcinoma and cholangiocarcinoma in 
children with inherited syndromes of intrahepatic cholestasis (AGS, A1AT 
deficiency, PFIC). 

e Lack of understanding of the contribution of heterozygous mutations or 
the coexistence of sequence variants in two or more genes to 
pathogenesis of liver disease. 


References 


e Undefined role of how the development of the normal microbiome in 
children contributes to the pathogenesis of chronic liver disease and the 
systemic manifestations of cirrhosis. 

e The genetic basis of biliary atresia (or of disease susceptibility) remains 
largely undefined. 


Future Directions 

e Routine incorporation of low-cost genetic mutation screening into 
diagnostic and clinical care algorithms in children with intrahepatic 
cholestasis. 

e Prospective patient-based studies to precisely define the natural history 
of liver disease in children with cystic fibrosis. 

e Translational studies testing the efficacy of molecular chaperones or RNA 
inhibitors to block progression of liver disease in children with A1AT 
deficiency, and of precision therapies for patients with syndromes of 
intrahepatic cholestasis based on molecular defects. 

e Genome-wide association studies using high-throughput sequencing 
technologies in large cohorts of children with biliary atresia will provide 
insight into the contribution of genes or gene groups in disease 
susceptibility and pathogenesis of biliary injury. 

e Studies of tissue and/or circulating biomarkers of biliary atresia and of 
response to hepatoportoenterostomy. 

e Optimization of clinical protocols for transition of care to adult 
hepatologists. The care protocols should take into consideration the 
impact of life-long consequences of chronic liver disease, with special 
consideration to genetic counseling, nonhepatic involvement (cardiac 
disease, renal dysfunction, etc.), onset of hepatopulmonary syndrome, 
bone health, quality of life, and intellectual development. 


The complete reference list is available at www.expertconsult.com 
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Fibrocystic Diseases of the Liver 


JOOST P.H. DRENTH, JESUS M. BANALES, KALPANA M. DEVARAJ, STEVE M. HELMKE, 
AND GREGORY THOMAS EVERSON 


ABBREVIATIONS 


ADPKD autosomal dominant polycystic kidney disease 
AP-1 adaptor protein complex 1 

ARPKD autosomal recessive polycystic kidney disease 
cAMP cyclic adenosine monophosphate 

Cdc25A cell division cycle 25A 

CHF congenital hepatic fibrosis 

CXCR2 chemokine (C-X-C motif) receptor 2 

DPM ductal plate malformation 

ENA-78 epithelial-derived neutrophil-activating protein 78 
ER endoplasmic reticulum 

ERCP endoscopic retrograde cholangiopancreatography 
ERK extracellular signal-regulated kinase 

HDAC6 histone deacetylase 6 

IGF1 insulin-like growth factor 1 

IL interleukin 

JAK Janus kinase 

Lrp5 LDL receptor-related protein 5 

MMP matrix metalloprotease 

MRCP magnetic resonance cholangiopancreatography 
mTOR mammalian target of rapamycin 

PC-1 polycystin 1 

PC-2 polycystin 2 

PCLD polycystic liver disease 

PKC protein kinase C 

PKD7 polycystic kidney disease gene 1 

PKD2 polycystic kidney disease gene 2 

PKHD1 polycystic kidney and hepatic disease gene 1 
PRKCSH protein kinase C substrate 80K-H gene 

PTC percutaneous transhepatic cholangiography 
SEC63 homolog, protein translocation regulator gene 
STAT signal transducer and activator of transcription 
VEGF vascular endothelial growth factor 

VEGFR2 VEGF receptor 2 

Wnt wingless-type 


Introduction 


Fibrocystic liver diseases constitute a group of congenitally 
acquired conditions that target bile ducts and surrounding portal 
tracts within the liver and biliary tree. These diseases include 
autosomal dominant forms in isolation (polycystic liver disease, 
PCLD) or in association with autosomal dominant polycystic 


kidney disease (ADPKD), congenital hepatic fibrosis (CHF), 


autosomal recessive polycystic kidney disease (ARPKD), Caroli 
disease, choledochal cysts, and solitary hepatic cysts (Table 64-1). 
Although these diseases are distinct from one another, they share 
common features, including proliferation of biliary ductular epi- 
thelium, biliary ectasia, cyst formation, and periductular fibrosis. 
The last decade has witnessed enormous advances in our under- 
standing of the genetic, molecular, and cellular events that under- 
lie fibrocystic liver diseases.’ These advances are highlighted in the 
first section of this chapter, “Biology of Fibrocystic Liver Dis- 
eases.” In the second section, “Histopathology of Fibrocystic Liver 
Diseases,” the gross anatomic and histopathologic features of these 
disorders are presented. In the third section, “Clinical Manifesta- 
tions and Treatments of Fibrocystic Liver Diseases,” the clinical 
features and therapies for each form of fibrocystic liver disease are 
described. Since the previous edition of this chapter, mechanism- 
based therapies have been initiated and are showing clinical poten- 
tial. It is hoped that continued advances in the laboratory will 
translate into improved medical therapies for patients with fibro- 
cystic liver diseases. 


Biology of Fibrocystic Liver Diseases 


Ductal Plate Malformation Hypothesis 


In humans, formation of the biliary tree begins during the first 
trimester of fetal life, when precursor cells in contact with the 
mesenchymal tissue of the portal tracts differentiate to a glandular 
morphology and give rise to the ductal plate.*’ This intermediary 
biliary structure consists of a double-layered tube of biliary epi- 
thelial cells surrounding the periphery of the future portal tracts, 
and its formation proceeds from the central portion of the liver 
toward progressively smaller and more peripheral branches of the 
biliary tree (Fig. 64-1). During the beginning of the second tri- 
mester of fetal life, remodeling of the ductal plate normally begins 
with one portion, which is destined to become the functional bile 
duct, becoming embedded within the connective tissue of the 
portal tract, whereas other sections of the circumferential ductal 
plate gradually degenerate and disappear. This process is com- 
pleted after birth, and a discontinuous vestige of the ductal plate 
can be identified by cytokeratin staining in newborns.’ 
Histopathologic examination of livers from patients with fibro- 
cystic liver diseases commonly shows abnormal biliary structures 
that are reminiscent of the ductal plate stage of fetal development. 
This similarity was first noted by Jorgensen,’ who termed the 
lesion ductal plate malformation (DPM). DPM may be caused by 
(1) inability of biliary precursors cells to differentiate, (2) defects 


995 


Inherited and Pediatric Liver Diseases 


= 
A 
Q 
= 
O 
LU 
cp) 


996 


‘AydesHoyeasouedo|Huejoyo soueuosas aeubew ‘YOY ‘S uad payejas—ioydaoes 707 ‘Gd qAydesBuose.y|n Idoosopuə ‘SNI 


SISOJa|9S pue 
uonesidse siydei6oipes 
orewo} duis 
jl ‘ayetdoidde 
Ajyensn juswebeuew 
AAIYEAIBSUOD 


jue|dsuel} J8Al| 

Jo Awoj9aqo| sanba 

uso ‘Ae|sureW əy} SI 
abeuresp Meg ayenbapy 


peyeo!pul 
SI uonoasal Jens 
“ewoulose00|6uejoyo 
JO JS paseaJoul UA! 


uolsuayed(y jeyod 

pue sijibuejoyo 

JO suo}edl|dwo9s 

JO JUaWW}eaJ} UO 
pasnoo) juswabeueyy| 


‘AydesBHouoseyin ‘SH ‘aseasip 13A) INSÁAÁJod ‘970d ‘Bureu, aoueuosa! oaubew Jy 


juejdsue} 

JONI] ‘UOI}9ES9I JANI] 

‘uolyes}sau9j jealGuns 

‘sIsouajas pue uoesdse 
ysKo a1ydesboipey 


juejdsue) 13A] ‘uonoasel 
JOAl] ‘uOIeNSEUa} JeoIGuns ‘siso19|OS 
pue uoneudse so oiydesboipey 


‘AydesHowo} payndwos ‘9 ‘aseasip Aauply IYSÁIÁJOd aAlssaoal JeWOSOINe ‘Gydyly ‘aseasip Aaupiy aISAIAJod yueUIWOD jewosony ‘GYday 


suoldo Juswyead) 


SuOISa] DSA 19440 
Wo} S}sÁ9 31edəy 


aa} Alelliq 
au} ym ayeoluNWWOD 
yeu} SUONE}e|IP 


Sn 40 

dOUIN ‘L9 UO Uses aq 
Osje ued suogezeld 
"U0RONŅSqO H3A0 
NOYWM JONP 3|! ƏU} 


Ajuo ewAyouased 
oneday əy} ujyym 
ssXo Buyesrunwwosuou 


ewAyouared 
jeuas pug 3pedəy əy} uly}ım s}sAo 


ajdwis ysinbuysip onsko uyənysqouou JO uonezejip ISAO S}SÁ9 9421 U}IM JOAl| abel ‘ajdiqjnw smoys Huyeosjunwwosuou ape] ‘ajdyjnw sBulpuy 
ued punosenjn smous Aydesboibuejoyg smoys Aydesboibuejou9 payejngqoyyinw 36127 Huluueds IYN pue ‘Sf ‘LO SMOUS BHuluueds JY pue ‘SN ‘LO a1ydesboipey 
Jejaweip Aoueyo9adxe 
Ul WO G paeaxe s}sho pasinboe 000‘Or: L-000‘0Z: L 841] 197231 YIM payeloosse S| 
uayM N3930 ued ured JO jeyJuaHu0d aq ueg Jo 90uUap!oul ued jeulwopqe pue jasuo 1972] sey AjjeoidA) suoneinw 
juespenb Jaddn yybu uolsuspedAy “sniBuejoyo uednded ‘pooypliyo ul Apea pue Ajehawoyedey ym Zdyd 0} payejas aseasip ‘abe yim 
ynoyye ‘Ajjequapioul epod jo suoneaidwoa pue ‘aoipune/ pasoubelp AyjeaidAy sjuasaid AyyeaidAy QTd aseaJoul S}SA0 JO azis pue Jaquinu S}SÁ9 JAAl| 
pasaaoosip pue 10 siibuejoys u3 N9331 ‘ured jeulwopqe ‘snBuejoyo zua nI ‘dydav 40 uolejuasaid ‘Sajewiay u; J9YyHly sı aoua;eAaid Jo uoljejuaseid 
aewojduiAse AjyeoidAy UUM sjuasaid AjjeoidA Ua} IWJa}U! 31U0149 ‘uoisuayadAy jeyod oneday ay} 0} AeIwis ‘ured jeulwopqe pue Ajeheawoyeday eaul 
sjonp sebueyo SISOIQN wnijayyıda Mer 
pəæjıp oul suoisnujold jelayyide 3A143831 ƏNSU3XƏ YIM JO yey} 0} Jejus apod wnijay}da 
ənssı}-4os pue ‘səfpuq pue uopewwe]ljul payelsosse ‘sjonp jeo|Wayo0}s YOUN! Axeljiq JO ey} 0} Jejus ay\yosd 
‘uoHeWWeJU! je}ONpUed ‘uolepnuap aaisue}Xxa əlıq Jejnqopeul ‘wnijəyydə JeULWN|OD 0} jeo|WAaydo}s!yOUNW! ‘wunjayyda sə1Nn}eə} 
Jno}uo09 papunos payew uM s}ənp UUM uəyo ‘wnıjayyda AY} JO suopewoyeu pəuəyeı, aids Aq paul| JEULUNJOD 0} pauayey ajdwis aibojouyedoisiy 
‘wnijayyıda ajdwis ajiq abe] Jo uoneyeyig pazijeunsayul 10 Aye əd yejonq _—s|sAo ‘aseasip onsoos0e|\| Aq paul s}sÁə ‘aseasip IYSÁIUJLN oneday 
331} 
dan Auelig 34} Kerg oedayenxe əy} sjonp sjonp 
UUM 9}ed|UNWWOS }0U YUM ayed|uNWWOS zey} allg onedeyenxa əlıq Je|nqoyeul 
Sa0p ey} uogewlo; sjonp 9ajiq oedaye.qui Əy} Jo ENIA Ay} JO suopewoyjew Ajuo 13M] Ul S}SÁ9 aðu] JOA] pue sÁəupIy saunyea} 
yso onedeyeju| Əy} JO uOIe}eIIP ISAJ JO suonezelip ansh9 pue sisoiqi aAlsua}x4 ajdiyjnw jo juswdojaaaq ul s}sÁ9 abuse] ajdiyjnwi jo juawdojaneq olwoyeuy 
(eq) Zr) gq (2d) 69) (2a) OLL) (eday 09b~) 
umouyun unsAd0Iql A\qissod umouyun unshooigy Ajqissog ‘€999 unskoojeday Z unshafjod L ulsAoK|Oog pae ula}Olg 
pequosap uəəq 
(dg snao| pəquəsəp aney LAYd U! 
əwosowoyə) uəəq əney suopenu JOUIISIP 
Əs LAHYd U! suolyeynw suolje]nW 09 OEZ -ZEEL 
134}0 ƏWOS JO ‘Ld 0} payejas aq 0} €1d6} sn30| ‘eZ-LZby sna0| -e'gLd9, snoo} 
Ajqissod pue /AHYd Ul 446noy} ‘adv UM Gd41 awosowoyy AWOSOWOIYD əwosowoyg 
umĪmouyun Ssuopepnu yzım pazepossy UMOUYU/) uolyeloosse SY UƏAIY = ‘99 FS ‘HSOMUd (%GL-OL) 20d "(%06-S8) Ld pəpəye suey 


1ƏA17 BY} JO Saseasig 21SAD0AqI4 ƏL 


997 


CHAPTER 64 Fibrocystic Diseases of the Liver 


e Fig. 64-1 Morphology of portal tracts during development at approximately 20 weeks of gestation. 
A, Evidence of residual ductal plate structures can be seen in the fetal liver at the periphery of the portal 
area. B, Residual biliary structures are highlighted with cytokeratin 19. (A, Hematoxylin and eosin, x400; 
B, anticytokeratin 19 immunostain, x400). 


in primitive bile ducts maturation, and/or (3) abnormal bile duct 
enlargement.” Isolated lesions are often referred to as biliary 
microhamartoma or von Meyenburg complexes, and may be observed 
in normal livers. Desmet” expanded on the observations of Jor- 
gensen to hypothesize that many cystic liver diseases represent 
malformations of biliary development. Although studies have not 
yet completely validated this hypothesis, the concept is useful to 
explain the similarities in the histologic findings in patients with 
various fibrocystic diseases. Immunohistochemical characteriza- 
tion of the epithelia within DPMs in a variety of fibrocystic dis- 
eases demonstrates similarity to the phenotype of normal 
embryonic ductal plates after 20 weeks of gestation.” Anomalous 
ductal plate morphology is also observed in the hepatic conditions 
associated with renal polycystic disease and a number of other 
genetic syndromes, including Meckel syndrome.” 


The “Two-Hit” Hypothesis of Cyst Development 
in Autosomal Dominant Polycystic Kidney 
Disease and Polycystic Liver Disease 


Although the pattern of expression of ADPKD and PCLD within 
families is consistent with these diseases being autosomal domi- 
nant in nature, ADPKD and PCLD are likely molecular recessive 
diseases. In this case affected individuals have a germline mutation 
in one copy of the gene responsible (i.e., first hit in PKD1, PKD2, 
PRKCSH, SEC63, and LRP5) and acquire a mutation in the 
second copy of the gene responsible within individual bile duct 
epithelial cells during the individual’s lifetime (i.e., second hit). 
The developmental pattern of liver cysts in ADPKD and PCLD 
is consistent with this two-hit hypothesis. Unlike the early and 
pervasive involvement of bile ducts in ARPKD/Caroli disease, 
liver cysts in ADPKD and PCLD develop focally along the bile 
duct during the lifetime of the individual. Genetic screening of 
the cyst-lining epithelial cells showed that these cells have lost the 
remaining copy of the gene through somatic mutation.'''® The 
fact that each cyst has acquired a different somatic mutation, 
ranging from a small point mutation to a large region with loss 
of heterozygosity, indicates that cysts develop independently and 
one somatic mutation is sufficient to trigger cyst formation.'” 


Genetic mouse models of ADPKD also support the two-hit 
hypothesis. Homozygous knockout models of ADPKD generally 
die in the late embryonic stages. In contrast, pkd2”” mice 
develop kidney and liver cysts in a postpuberty pattern that 
mirrors the human condition.’ Importantly, these mice have one 
true knockout in the pkd2 gene (homolog of one of the two genes 
linked to ADPKD in humans; first hit) and a recombinant sensi- 
tive allele (ie., WS25) in the second copy of the pkd2 gene. 
Appropriate recombination of the WS25 allele results in a loss of 
its function (second hit) and initiation of cyst development. In 
another mouse model it was shown that a reduction in pkd1 gene 
expression levels was sufficient to trigger cyst formation." 


Primary Cilia Contribute to Cystogenesis 


Epithelial cells, including bile duct epithelial cells, have a single 
primary cilium that extends from their luminal surface” (Fig. 
64-2). Primary cilia are a nonmotile, microtubule-based organelle 
that arise from the basal body and can extend several microns in 
length into the lumen of the duct. The primary cilia serve to sense 
and transduce information about the luminal fluid osmolarity, 
composition, and flow rate.” As the proteins that contribute to 
the structure and function of the primary cilium have been dis- 
covered, it has become apparent that a variety of genetic syn- 
dromes and diseases are associated with the dysfunction of primary 
cilia. Shortened, unusually long or entirely absent cilia are present 
in cystic cholangiocytes of animal models and patients with 
ADPKD and/or ARPKD.**” These diseases, coined ciliopathies, 
have a number of shared features and often include the develop- 
ment of cysts.**’? These abnormalities are also accompanied by 
atypical centrosome positioning, supernumerary centrosomes, 
and multipolar spindles”** that participate in cystogenesis.*’ 

In the liver the proteins linked to ADPKD (polycystin 1 
[PC-1] and polycystin 2 [PC-2]) and ARPKD/CHF/Caroli 
disease (fibrocystin, also known as polyductin) localize to the 
primary cilium of biliary epithelial cells. Parenthetically, the pro- 
teins linked to PCLD (hepatocystin, Sec63, and LDL receptor— 
related protein 5, Lrp5) are among the few cystogenic proteins 
that have not yet been found to localize to the primary cilium or 


basal body. 
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e Fig. 64-2 Primary cilia extend from the apical surface of cholangiocytes, detect flow of fluid over the 
surface of the cell, and transduce flow information into the cell interior. A, Scanning electron micrograph 
of primary cilia extending from the apical surface of rat intrahepatic bile duct epithelial cells (cholangio- 
cytes). B, Transmission electron micrograph showing the ultrastructure at the base of a primary cilium 
including the basal body at the base of the primary cilium and the primary cilium extending into the lumen. 
The inset shows a cross section of a primary cilium and the ring of microtubules that form the core of 
the primary cilium. 


Genes and Proteins of Fibrocystic Liver Diseases 


The last decade has witnessed the discovery and characteriza- 
tion of the genes and proteins responsible for different forms of 
cystic diseases. The following sections describe the genes, proteins, 
and functions linked to human ADPKD, PCLD, and ARPKD/ 
CHF/Caroli disease. For more comprehensive descriptions of the 
genes and proteins responsible, there are a number of excellent 
reviews. 4> 


Autosomal Dominant Polycystic Kidney Disease 


The most common form of PCLD occurs in conjunction with 
ADPKD, has a prevalence of approximately 1 in 500 to 1 in 1000, 
and is linked to mutations in either PKD1 or PKD2.°”*' Eighty- 
five percent of cases are due to mutations in PKD1 and 15% are 
due to mutations in PKD2.® The phenotypic characteristics stem- 
ming from mutations in PKDJ and PKD2 are quite similar but 
patients with mutations in PKD2 have a later onset of disease and 
approximately 16 years of increased life expectancy compared 
with patients with mutations in PKD1.® 


PKD1 and Polycystin 1 

In 1957 Dalgaard** demonstrated autosomal dominant inheri- 
tance in more than 90% of cases of polycystic renal disease. In 
1985, linkage techniques localized the first gene for ADPKD, 
coined PKDI, to chromosome locus 16p13.3-13.12.° PKD1 
encodes a 14.1-kb message that translates into a 4304—amino acid 
protein, PC-1.*°*” Additional copies of exons 1 to 34 lie adjacent 
to the active PKD1 locus. These duplicated copies are probably 
nonfunctional and fail to express protein but their presence has 
hampered the development of molecular genetic testing. 

At least 270 distinct mutations have been identified within 
the PKD1 gene.“ Evenly dispersed without evidence for cluster- 
ing, most of these mutations are missense or nonsense muta- 
tions, but splicing mutations and gene rearrangements have also 


been reported. Approximately 60% of all mutations introduce 
premature stop codons that result in truncated proteins. Specific 
mutations and their locations have been associated with intra- 
cranial aneurysms and severer polycystic disease within individual 
ADPKD families.” For example, mutations in the 5’ end of 
PKDI1 are predictive of a more rapid development and greater 
severity of end-stage renal disease.” An effect of mutational type 
or location on hepatic cystic disease has not been specifically 
analyzed. 

PKD1 encodes PC-1, a 460-kDa integral membrane protein 
with a large extracellular NH,-terminal domain, 11 transmem- 
brane domains, and a comparatively small intracellular COOH- 
terminal domain. Although its function remains to be clarified, 
PC-1 is predicted to help transduce extracellular signals from the 
cell surface to the cell interior. Constituting two thirds of the 
protein, the NH), terminus of the protein contains a number of 
domains that are consistent with initiating signaling through 
protein-protein and protein-carbohydrate interactions. The extra- 
cellular NH, terminus contains a region of leucine-rich repeats, a 
segment with C-type lectin characteristics, a segment with LDL- 
like features, 12 immunoglobulin-like PKD repeats, an REJ 
domain and a G protein-coupled receptor site.” The PKD 
repeat domains permit direct PC-1-PC-1 interaction. In other 
proteins, REJ domain moderate fluxes in ion channel complexes. 
Its presence supports the hypothesis that PC-1 serves, in part, to 
regulate Ca™ signaling. Specific protein-protein interactions of 
the intracellular COOH-terminal domain with other proteins, 
including heterotrimeric G proteins, Janus kinase 2 (JAK2), and 
PC-2,” further the notion that PC-1 serves to transduce extracel- 
lular cues into intracellular signals. PC-1 also has cleavage-sensitive 
sites, one within its extracellular G protein-coupled receptor site 
and two within its intracellular tail. All three sites are anticipated 
to have physiologic significance and contribute to cyst formation 
in pathologic states. Regarding its localization and site of activity, 
PC-1 was originally described to reside along the basolateral mem- 
brane of epithelial cells, where it could participate in cell-cell and 


cell-matrix interactions. The localization of PC-1, along with 
PC-2, within the membrane of primary cilia has focused investi- 
gative efforts into understanding the function and relationship of 
these two proteins within this organelle. 


PKD2 and Polycystin 2 
In 199, a second genetic locus linked to ADPKD was discovered 
at chromosome locus 4q21-23,*"*' and 3 years later the PKD2 
gene was identified, sequenced, and cloned.” PKD2 produces a 
5.3-kb message that codes for the 968—amino acid PC-2. At least 
73 mutations have been identified in PKD2“° and, like PKD1J, 
mutations of PKD2 are evenly dispersed throughout the gene, 
without clustering at any particular position.” Although the type 
of mutation within the PKD2 gene influences the clinical outcome 
of renal cystic disease,” its relationship with the liver cystic phe- 
notype remains unknown. 

PC-2 (also known as transient receptor potential polycystic 2) is 
a 110-kDa integral membrane protein with six transmembrane 
domains and intracellular NH, and COOH tails. Sequence 
homology and functional characteristics place PC-2 within the 
transient receptor potential superfamily of ion channels. PC-2 can 
form homotetramers and function as a cation channel.””*’ The 
PC-2-dependent Ca” transients may be further amplified by het- 
eromultimerizing with other transient receptor potential chan- 
nels.” Initially found along the lateral membranes and endoplasmic 
reticulum (ER) of epithelial cells, PC-2 was subsequently discov- 
ered within the primary cilium as well. A wide variety of distinct 
proteins have been shown to bind with PC-2, including PC-1,” 
supporting the prediction that PC-2 participates in organizing an 
extracellular signal transduction complex. 


Autosomal Recessive Polycystic Kidney Disease, 
Congenital Hepatic Fibrosis, and Caroli Disease 

ARPKD is a rare genetic condition occurring in approximately 1 
in 20,000 live births with a high risk of morbidity and death.“ 
It is a severe, typically early-onset form of cystic disease that pri- 
marily involves the kidneys and biliary tract. Phenotypic expres- 
sion and age at presentation are highly variable. 


PKHD1 and Fibrocystin 

‘The gene affected in ARPKD is PKHD1, a huge gene on chromo- 
some band 6p12 that extends over a genomic segment of almost 
500 kb. The longest open reading frame comprises 66 exons 
encoding fibrocystin, a type I single-pass transmembrane protein 
of 4074 amino acids.” Because of allelic heterogeneity and a high 
level of missense mutations, mutation analysis for PKHD1 is 
laborious but well established. Mutation detection rates of 
approximately 80% for the entire clinical spectrum of ARPKD 
patients have been shown; at least one PKHDI mutation can be 
identified in more than 95% of families. There are at least 300 
PKHDI1 gene mutations, and clear genotype-phenotype correla- 
tions are absent. Patients with two truncating mutations generally 
display a severe phenotype with perinatal or neonatal death, 
whereas patients surviving the neonatal period usually carry at 
least one missense mutation. 

Although PKHD1 is the main gene affected in ARPKD, there 
is compelling evidence for locus heterogeneity.” Fibrocystin prob- 
ably has receptor-like properties and localizes to primary cilia. The 
COOH-terminal domain contains a nuclear localization signal, 
and fibrocystin may participate in nuclear signaling and transcrip- 
tional regulation.” 
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Autosomal Dominant, Isolated Polycystic Liver Disease 


PCLD gives rise to polycystic liver with few to no discernible 
renal manifestations (~1: 100,000). This phenotypic distinction 
is paralleled by disparate genetic linkages. PCLD has been defini- 
tively linked to three genes: PRKCSH (15%), SEC63 (5.7%), and 
LRP5 (2.7%).”° Early analysis suggests these three genes account 
for a minority of PCLD cases, indicating there is at least one 
more genetic locus to be linked to PCLD. The genetic muta- 
tions responsible for the phenotype of polycystic liver alter the 
expression, structure, or processing of proteins of the primary 
cilium. 


PRKCSH and Hepatocystin 

The first demonstration that PCLD was genetically distinct from 
ADPKD was from phenotypic and genetic studies of a family 
affected by PCLD without renal cystic disease in three genera- 
tions. PCLD was initially linked to mutations in the protein 
kinase C (PKC) substrate 80K-H gene (PRKCSH) at chromo- 
some locus 19p13.2-13.1.””* PRKCSH encodes a 527—amino 
acid protein of 59 kDa, termed /epatocystin, that is expressed 
in a number of different tissues.” The protein contains a mem- 
brane translocation signal sequence for the ER at its NH, end, 
an LDLa domain, two EF-hand domains, a glutamic acid-rich 
region, and an ER retrieval sequence at its COOH end. Several 
functions for hepatocystin have been reported but the weight of 
evidence indicates a primary role as the noncatalytic subunit of 
the glucosidase II protein complex.” Glucosidase II is localized 
in the ER, where it modifies protein glycosylation and contributes 
to posttranslational processing of newly synthesized glycoproteins. 
Mutations that truncate or alter messenger RNA splicing of hepa- 
tocystin have been reported in PCLD families. 


SEC63 and Sec63 

‘The association of PCLD with the ER and protein processing was 
bolstered by the linkage of a second gene, SEC63, to PCLD. In 
humans the SEC63 gene is on chromosome band 6q21, and 
mutations are distributed throughout the gene.” The protein 
product of the SEC63 gene, Sec63, is an integral membrane 
protein within the ER that functions as a component of the 
protein translocation complex. This protein processing step is 
upstream of the glycosylation modification step that is performed 
by glycosidase II. Despite the apparent liver specificity of PCLD 
that is initiated by SEC63 mutations, SEC63 is broadly expressed 
in a number of tissues, including the kidney. 


LRP5 and Lrp5 

The LRP5 gene (NM_002335.2) is associated with hepatic cysto- 
genesis as evidenced by whole-exome sequencing in an extended 
PCLD family.” The protein product Lrp5 consists of a large 
extracellular region, a single-span transmembrane region, and a 
relatively short intracellular region. LRPS5 variants are identified 
in both intracellular and extracellular protein domains. Accord- 
ingly, Lrp5 has a wide tissue expression and is abundantly present 
in cholangiocytes.”*’ Previous studies presented variants of the 
LRP5 gene, located at chromosome locus 11q13.2, linked to 
bone, retinal disorders, and metabolic disease. Lrp5 functions as 
a co-receptor in the canonical wingless-type (Wnt) signaling 
responsible for fundamental physiologic mechanisms and devel- 
opmental processes. LRP5-associated diseases are marked by an 
imbalanced canonical and noncanonical Wnt signal transduction. 
Likewise, LRP5 mutations in PCLD show a reduced canonical 
Wnt signaling activity which renders the protein less functional. 


1000 SECTION XI 


Inherited and Pediatric Liver Diseases 


Comparative Mechanisms of Cystogenesis 
in Polycystic Liver Diseases 


The developmental characteristics of liver cysts in ADPKD and 
PCLD are markedly similar. In both diseases liver cysts develop 
after puberty, clinical manifestations generally appear around the 
fourth decade of life,, and disease expression is sexually dimor- 
phic, with women having a greater degree of cyst progression. The 
striking difference between these two diseases is that ADPKD 
affects the kidneys, vasculature, and liver, whereas manifestation 
of PCLD is largely limited to the liver. As described already, the 
proteins linked to ADPKD and ARPKD form a mechanosensory 
signal transduction complex within the primary cilia. In contrast, 
proteins linked to PCLD participate in the translocation, process- 
ing, and quality control of ER proteins. 

The biologic significance of the Wnt signaling in both ADPKD 
and PCLD has been proven by several animal and functional 
studies. ADPKD rodents showed PC-1 interactions and reduced 
B-catenin activity leading to inhibited canonical Wnt signal- 
ing.’ Fundamental studies identified the Wnt signaling- 
associated cytosolic protein nucleoredoxin as an interaction 
partner of human Sec63. Therefore the SEC63 gene is linked to 
the Wnt pathway.” Finally, the discovery of the LRPS5 gene associ- 
ated with PCLD in humans has proven that the Wnt signal 
transduction pathway is also of clinical significance. Functional 
studies revealed a reduced activated canonical Wnt signaling. 

Understanding how the loss of function of the disparate pro- 
teins associated with ADPKD versus PCLD results in the pheno- 
typic emergence of liver cysts may reveal the pivotal steps that 
underlie liver cystogenesis. In this regard, hepatocystin and Sec63 
are necessary for the adequate expression of PC-1, PC-2, and 
fibrocystin,'’ PC-1 being considered the rate-limiting component 
that determines both cyst formation and the severity of all forms 
of PCLD.” Thus this regulatory mechanism is of specific interest 
because it implicates common molecular pathways for cystogen- 
esis in all types of PCLD, which will be covered in greater detail 
in the following sections. Clinically, PCLD patients have more 
and larger liver cysts than ADPKD patients but have a more 
benign clinical course.** 


Polycystin 1, Polycystin 2, and Fibrocystin 
Form a Mechanosensory Complex 


The discovery of PC-1 and PC-2 interactions through coiled-coil 
domains in their respective COOH tails and codistribution of the 
two proteins within primary cilia led to studies investigating the 
functions of the PC-1-PC-2 complex.” In micro-dissected bile 
ducts from rat, infusion of luminal flow bends the primary cilium, 
triggers calcium influx into the cell, and causes the suppression of 
the cyclic AMP (cAMP) levels stimulated by experimental addi- 
tion of forskolin.” This normal response is blocked when cilia are 
removed. by chloral hydrate or when ciliary-associated proteins 
(PC-1, PC-2, and Ca”-inhibitable adenylyl cyclase isoform 6) are 
individually down-regulated by small interfering RNAs.” Consis- 
tent with an impairment of calcium influx, the intracellular 
calcium levels of cystic cholangiocytes from a murine model of 
ADPKD and ARPKD and of cystic cholangiocytes from human 
ADPKD patients were significantly lower than those of normal 
cholangiocytes.*°** In addition to flow-dependent intracellular 
Ca™ signaling, the PC-1-PC-2 complex is integrated into other 
signaling pathways. For example, PC-1 constitutively activates 
heterotrimeric G proteins to initiate downstream effects,” and 


PC-2 antagonizes this constitutive activity.” Additionally, several 
lines of evidence indicate that fibrocystin can bind and modify 
PC-2 activity.” This fibrocystin-PC-2 interaction is of specific 
interest because it implicates a common molecular pathway for 
cystogenesis in ADPKD and ARPKD. 

Significant research effort is currently being invested to under- 
stand how these PC-1-PC-2-fibrocystin transduction pathways 
result in cystogenesis and cyst growth. 


Mechanisms for Polycystin 1—Polycystin 
2-Fibrocystin Complexes to Influence 
Cell Proliferation 


Increased cell proliferation is considered a cornerstone of cyst 
growth, and the loss of functional PC-1-PC-2-fibrocystin complex 
activity is predicted to induce cell proliferation. Cystic epithelial 
cells can overexpress proto-oncogenes and growth factor receptors, 
suggesting a role for PC-1, PC-2, and fibrocystin in nuclear regu- 
lation. Distinct lines of investigation have implicated the PC-1- 
PC-2-fibrocystin complex in moderating cell cycle progression 
through the nuclear transcription factor adaptor protein complex 
1 (AP-1), the JAK-signal transducer and activator of transcription 
(STAT) signaling pathway, the extracellular signal-regulated 
kinase (ERK) signaling pathway, and/or mammalian target of 
rapamycin (mTOR) signaling (Fig. 64-3). First, PC-1 and PC-2 
can independently or coordinately mediate the activity of AP-1 
through pathways involving small G proteins, PKC, p38, and Jun 
NH?-terminal kinase 1.°*”° In cells overexpressing PC-1, the 
COOH terminus of PC-1 can be cleaved from the intact protein, 
translocate into the nucleus, and directly activate AP-1.”° Coex- 
pression of PC-2 blunts the effect of cleaving of the COOH 
terminus of PC-1, suggesting that PC-2 can modulate the AP-1 
signal by buffering the concentration of the PC-1 COOH termi- 
nus available for nuclear signaling. Second, PC-1 can bind and 
activate JAK2 in a PC-2-dependent manner, resulting in the phos- 
phorylation and activation of at least two STAT transcription 
factors, including STAT1.” Phosphorylated STAT can then enter 
the nucleus and arrest cell cycle progression. Loss of either PC-1 
or PC-2 is predicted to diminish activated STAT levels and allow 
cells to reenter the cell cycle and promote cell proliferation. Third, 
although cAMP inhibits protein kinase A-dependent ERK signal- 
ing in normal epithelial cells, calcium restriction allows cAMP to 
activate ERK in cystic epithelial cells and induce hyperprolifera- 
tion.® Increased levels of cAMP observed in murine PCLD 
models (ADPKD and ARPKD)*””® could also be the result of 
calcium restriction because calcium can inhibit some adenyl 
cyclases and activate specific cAMP phosphodiesterases.*°*” Acti- 
vated ERK can promote an increase in cell proliferation both by 
entering the nucleus and initiating a transcriptional cascade and 
by moderating the tuberous sclerosis complex activity, which leads 
to an increase in the mTOR activity. The JAK-STAT and mTOR 
pathways include activation of specific cyclin-dependent kinases 
to drive the progression in the cell cycle. In nonorthologous cystic 
animal models, treatment with roscovitine, a potent cyclin- 
dependent kinase inhibitor, significantly blunted kidney cyst 
growth.” Similarly, inhibition of the cell division cycle 25A 
(Cdc25A) messenger RNA by experimental up-regulation of 
miR-15A abundance reduces the disease severity in rodent models 
of ARPKD.'”’ Importantly, the cross-breeding of a mouse model 
of ARPKD with Cadc25a+/— mice (characterized by decreased 
Cdc25A expression but normal liver morphology) reduced the 
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e Fig. 64-3 Autosomal dominant polycystic liver occurs in isolation (polycystic liver disease, PCLD) or in conjunction with polycystic renal disease 
(ADPKD). PCLD is caused by mutations in the PRKCSH and SEC63 genes, which code for the proteins glycoprotein Ilb and Sec68, which are required 
for efficient processing of polycystin 1 (PC1) and production of functional PC1-polycystin 2 (PC2) complexes. ADPKD is caused by mutations in the 
PKD1 and PKD2 genes, which code for PC1 and PC2. PC1 and PC2 have been implicated in many different signaling pathways that impact epithelial 
secretion, growth, and proliferation (ADPKD/PCLD down-regulated pathways in red, up-regulated pathways in green). PC1 and PC2 interact as part of 
a complex found in the primary cilium that acts as a flow-regulated Ca channel. Defects in any of the proteins reduce Ca™ influx and lead to low 
intracellular concentrations. Ca** inhibits adenyl cyclase (AC) and activates phosphodiesterase (PDE) and thus low intracellular Ca** concentration results 
in increased levels of 3’,5’-cyclic AMP and the activation of protein kinase A (PKA). PKA acts on the cystic fibrosis transmembrane conductance regulator 
(Cftr) to increase CF secretion into the cyst lumen. This process is also stimulated by secretin binding to the secretin receptor (SecR) signaling through 
Gs. AC is normally inhibited by somatostatin acting through its receptor, somatostatin receptor (SSTR), and Gi. Therefore to lower the abnormally high 
cAMP levels in ADPKD, long-acting somatostatin analogues such as lanreotide and octreotide are being tested in clinical trials. Low Ca** concentration 
also allows PKA to activate the extracellular signal-regulated kinase (ERK) pathway, which can increase proliferation. The PC1-PC2 complex binds and 
activates Janus kinase 2 (JAK2), which phosphorylates signal transducer and activator of transcription (STAT). STAT normally inhibits the cyclin/cyclin- 
dependent kinase (CDK) pathways, so its down-regulation in ADPKD would increase epithelial proliferation. PC1 and PC2 signal via G proteins and 
distinct protein kinase C (PKC) isoforms to activate Jun HN2-terminal kinase (JUN) and p38, which in turn stimulate AP-1. PC1 binds tuberin, a com- 
ponent of the tuberous sclerosis complex (TSC), which normally inhibits the mammalian target of rapamycin (mTOR), a central regulator of growth and 
proliferation. Loss of this regulation in ADPKD leads to greatly increased mTOR activity, stimulating cell growth and the cyclin/CDK pathway. Transplant 
recipients receiving the mTOR inhibitor rapamycin for immunosuppression exhibited a reduction in liver cyst volume. Vascular endothelial growth factor 
(VEGF), whose production is increased by mTOR, is secreted both basolaterally and apically into the cyst lumen, where it can bind to apically localized 
VEGF receptor (VEGFR) and activate ERK. Another cystic fluid component, interleukin-8 (IL-8) can bind to chemokine (C-X-C motif) receptor 2 (CXCR2) 
and enhance the VEGFR signaling to ERK. ERK can inhibit tuberin and thus further activate mTOR, creating a feedback loop that leads to increased 
proliferation. The VEGFR antagonist SU-5416 can block this signaling and blunt the growth of liver cysts in a mouse model of polycystic kidney disease. 
Estrogen, acting through membrane and cytosolic/nuclear estrogen receptors (ER), can also stimulate proliferation. HIF7 a, Hypoxia-inducible factor a. 
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hepatorenal cystogenesis and fibrosis.'°' Finally, pharmacologic 
inhibition of Cdc25A with vitamin K3 or phenyl maleimide 
compound 20 also decreased hepatorenal cystogenesis and fibrosis 
in rodent models of ADPKD and ARPKD, pointing out the 
potential therapeutic value of targeting Cdc25A in patients with 
PCLDs.'°! 

Additional lines of evidence indicate the potential significance 
of the mTOR pathway in driving errant proliferation of cystic 
epithelial cells. PC-1 can directly bind the tuberin component 
of the tuberous sclerosis complex, which normally inhibits the 
activity of mTOR. Loss of this regulation would account for 
the inappropriate activation of mTOR observed in ADPKD cyst 
epithelial cells. ° 

Insulin-like growth factor 1 (IGF1), a promitotic factor present 
in the cystic liver fluid of patients with ADPKD,'™ promotes 
cystic proliferation through mTOR activation. Thus mTOR was 
suggested as a potential therapeutic target for PCLDs. However, 
the use of mTOR inhibitors did not attenuate the hepatic and 
renal cystogenesis of animal models and patients with PCLD. 

Many of the details and interrelationships of these disparate 
pathways for regulating transcription and growth require addi- 
tional investigation. It is important to recognize, however, the 
emerging evidence for PC-1/PC-2/fibrocystin in regulation or 
coordination of cell proliferation and differentiation. These path- 
ways can now be investigated to determine which pathways, when 
disrupted, give rise to fibrocystic liver disease. 


Events Contributing to Cystic Liver Disease 


The clinical course of PCLDs is markedly heterogeneous even 
among identical twins. Although part of this heterogeneity is 
likely due to differences in the specific germline and somatic 
mutations that occur within individuals, additional factors likely 
contribute to promotion of the growth of the liver cysts. Potential 
contributing factors include modifier genes, estrogen exposure, 
luminal fluid secretion, and altered expression of cytokines and 
growth factors. 


Modifier Genes Influence Cystic Liver Disease Severity 
Modifier genes are genes not directly linked to a genetic disease 
but influence the disease expression and severity. In ADPKD, 
modifier genes have been directly implicated and identified. "1% 
A comprehensive list of genes that specifically modify the develop- 
ment of cystic liver diseases has not yet been compiled but is likely 
to be forthcoming and provide insight into the cellular mecha- 
nisms that moderate the disease severity. 


Estrogen Impacts Cystic Liver Disease Severity 

Liver cyst severity is much greater in women than in men. Studies 
showing positive correlation between liver cyst volumes and the 
numbers of pregnancies, estrogen-based birth control, and post- 
menopausal estrogen therapy indicate that estrogen promotes liver 
cyst growth and is responsible for the sexual dimorphism observed 
in ADPKD cystic liver disease.” In addition, increased estrogen 
levels are present in the cystic fluid of female patients. ">>!" At 
the cellular level, ADPKD cystic cholangiocytes express alpha and 
beta estrogen receptors. In contrast, cholangiocytes lining the bile 
ducts of healthy individuals and the unaffected bile ducts of 
ADPKD patients do not express these receptors. ">>! Estro- 
gens induce cystic cholangiocyte proliferation directly or by 
inducing IGF1 secretion, and estrogen receptor inhibition blocks 
the proliferative response to serum and liver cyst fluid. °>! 


Additionally, estrogens stimulate basal matrix metalloprotease 
(MMP) activity, a promoter of hepatic cystogenesis. MMP activ- 
ity is increased in cystic cholangiocytes from both ADPKD 
patients and an animal model of ARPKD compared with normal 
controls.''! Estrogens stimulate the MMP activity of both normal 
and ADPKD human cholangiocytes.'"’ 


Fluid Secretion by Cyst-Lining Epithelial 

Cells May Contribute to Cyst Growth 

In the normal liver, cholangiocytes have a robust capacity to 
secrete a bicarbonate-rich fluid.''* This secretion is regulated, in 
large part, through the levels of specific gut hormones. For 
example, secretin binding activates adenylyl cyclase and drives 
cAMP-dependent secretion of Cl, HCO; , and water, whereas 
somatostatin binding inhibits the secretin response blocking duct- 
ular secretion." Human liver cysts retain this regulated secretory 
capacity, generate a positive intraluminal cyst pressure under basal 
conditions, and have increased rates of fluid secretion immediately 
following intravenous administration of secretin.''*'' Studies on 
isolated liver cyst epithelial cells from genetic murine models of 
ADPKD and ARPKD further confirm that liver cyst epithelial 
cells retain these regulated secretory pathways.''”''® However, the 
role of secretin in the pathogenesis of PCLD might be modest 
because long-term administration of secretin had negligible effects 
on hepatic cystogenesis in murine models of PCLD and the 
absence of the secretin receptor did not alter the severity of the 
disease in an animal model of ADPKD.” 

Increasing intraluminal pressure in cell culture models of epi- 
thelial cysts increases rates of epithelial cell proliferation.''*'”” 
Accordingly, increased epithelial stretching that follows from the 
regulated secretion into enclosed cysts will likely promote prolif- 
eration of the lining epithelial cells and drive cyst growth. As 
already mentioned, cystic cholangiocyte hyperproliferation is 
characterized by increased intracellular cAMP levels and decreased 
intracellular Ca* levels. Down-regulation of the cAMP levels with 
somatostatin analogues or normalization of the intracellular Ca2+ 
levels inhibits the cAMP-stimulated hyperproliferation of cystic 
cholangiocytes.*°*””* 

The therapeutic potential of inhibiting the increased cAMP 
levels in cystic cholangiocytes by use of somatostatin analogues 
has been confirmed in animal models of PCLD.”*'” The thera- 
peutic potential of somatostatin analogues has also been demon- 
strated in human clinical trials,'*"'*° and these are described in 
more detail in the section entitled “Medical Treatments.” 


Cytokines and Growth Factors 

Involved in Hepatic Cystogenesis 

Cholangiocytes utilize cytokines and growth factors to communi- 
cate information regarding the local environmental status to sur- 
rounding epithelial, endothelial, and immune cells. In ADPKD, 
apical secretion of factors will be confined and expected to accu- 
mulate. Analysis of liver cyst fluid from human ADPKD patients 
showed that the levels of interleukin 8 (IL-8), epithelial-derived 
neutrophil-activating protein 78 (ENA-78), vascular endothelial 
growth factor (VEGF), IGF1, and IL-6 are specifically elevated 
to physiologically relevant levels. °>!” Chemokine (C-X-C motif) 
receptor 2 (CXCR2), a receptor for both IL-8 and ENA-78, and 
receptors for VEGF are expressed on the apical domain of human 
liver cyst epithelial cells.'’”'** CXCR2 and VEGF receptor 2 
(VEGFR2) signaling pathways can act synergistically to drive cel- 
lular proliferation.'”’ In vitro studies treating isolated mouse liver 
cyst epithelial cells with CXCR2 and VEGFR2 agonists similarly 
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e Fig. 64-4 Autosomal dominant polycystic liver disease. A, Gross specimen of polycystic liver. B, Liver 
slice of polycystic liver. 


resulted in a robust increase in cellular proliferation. Thus an 
autocrine-paracrine loop is established in the cyst lumen where 
these factors can be released, accumulate, and drive proliferation 
of the cyst-lining epithelium. As part of the intracellular signaling 
pathways that drive the VEGF-induced increases in cell prolifera- 
tion, VEGFR2 activates the mitogen-activated protein kinase— 
ERK signaling pathway (Fig. 64-4).'°° 


Angiogenesis and Vascularization 
of the Liver Cyst Wall 


In monolayers of liver cyst epithelial cells, cytokines and growth 
factors were also secreted across the basolateral membrane.” 
Basolateral secretion of potent angiogenic factors such as VEGF 
and IL-8 would position these factors to initiate angiogenesis. 
Treatment of cultured human endothelial cells with human liver 
cyst fluid induced both cellular proliferation and angiogenic 
differentiation. "> Liver cyst walls are vascularized, and angio- 
genic factors such as VEGF and IL-8 likely promote angiogenesis 
within the cyst wall. The potential of the cyst wall vasculature to 
serve as a therapeutic target is highlighted by both mouse and 
human studies. Long-term treatment of pkd2™” mice with 
SU-5416, a VEGFR2 inhibitor, markedly inhibited liver cyst 
growth.'*' Subsequent studies suggest the VEGF signaling effect 
in ADPKD may be more robust in mice with defective PC-2 
versus PC-1.'* Implicating the therapeutic potential of inhibiting 
angiogenesis and vascular maintenance in humans, embolization 
of the liver cyst wall vasculature in ADPKD patients resulted in 
a significant decrease in liver cyst volumes.'?”'*° 


Extracellular Matrix Remodeling 


Cell—extracellular matrix interaction is a dynamic event involved 
in normal ductal plate formation but also in the development and 
progression of PCLDs. Degradation of different basement mem- 
brane proteins around the biliary cysts and loss of cell adhesion 
molecules were reported in CHF, Caroli disease, PCLD, and an 
animal model of ARPKD.'*”'** In this regard, increased MMP 
activity was found in cystic cholangiocytes from ADPKD patients 
and from an animal model of ARPKD compared with their 
matched controls.'''! These events were associated with increased 


expression of different MMPs in cystic cholangiocytes. IL-6 and 
IL-8 both up-regulate the MMP expression and activity of normal 
and ADPKD human cholangiocytes; on the other hand, other 
growth factors also present in the cystic fluid, such as VEGF, 
epidermal growth factor, hepatocyte growth factor, ENA-78, and 
chemokine (C-X-C motif) ligand 1, did not show any regulatory 
effect. The inhibition of the MMP hyperactivity by marimastat 
halts the hepatic cystogenesis, fibrosis, and inflammation in an 
animal model of ARPKD.'"! 


Epigenetic Regulation 


The expression of genes that participate in liver cystogenesis is 
regulated at the epigenetic level. Activation of the peroxisome 
proliferator—activated receptor Y, a nuclear receptor, which inhib- 
its the expression of genes involved in proliferation, inflamma- 
tion, and fibrosis, halts the hepatorenal cystogenesis in an animal 
model of ARPKD.'”” In addition, histone deacetylase 6 (HDAC6) 
is up-regulated in cystic cholangiocytes of PCLD patients and 
PCK rats, and participates in the regulation of the cell cycle 
and ciliary disassembly. Inhibition of HDAC6 attenuated hepatic 
cystogenesis and fibrosis in the aforementioned animal model of 


ARPKD.'”° 


Histopathology of Fibrocystic Liver Diseases 


Autosomal Dominant Polycystic Liver Disease 


The histopathologic features of liver cysts in ADPKD and PCLD 
are indistinguishable. Grossly, the liver has multiple simple 
smooth-walled cysts, usually resulting in enlargement and distor- 
tion of the liver. Cysts range in size from minute (<1 mm) to large 
(210 cm) and are filled with clear serous fluid (see Fig. 64-4). 
Involvement of the liver is either diffuse or segmental, diffuse 
disease being more common. When only one lobe is involved, it 
is typically the left. Cysts appear to cluster along the track of major 
vascular/portal structures within the liver but mature cysts do not 
communicate with the biliary tree.'' Microscopically, the cysts 
are lined by a single layer of cuboidal or columnar epithelial cells 
(Fig. 64-5, A). Larger cysts may have a flattened or attenuated 
epithelial lining. Morphologically, the cyst-lining cells resemble 
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e Fig. 64-5 Autosomal dominant polycystic liver. A, Epithelial variation within cysts ranges from flattened 
cells (left vertical surface) to cuboidal (top horizontal surface) to columnar (lower right side) (hematoxylin 
and eosin x100). B, Dilated and irregularly shaped biliary ductules (biliary microhamartomas also known 
as von Meyenburg complexes) are often seen in association with polycystic liver (hematoxylin and eosin, 


x100). 


the epithelium of interlobular bile ducts and express biliary-type 
cytokeratins (cytokeratin 7 and cytokeratin 19).''* Inflammation 
in the surrounding stroma is typically minimal and chronic. The 
presence of acute inflammation and purulent cystic fluid suggests 
infection of the cyst. Collapsed cysts can become densely fibrotic, 
and calcification of cyst walls is sometimes seen. Biliary micro- 
hamartomas (von Meyenburg complexes) are numerous in 
ADPKD and have been proposed as cyst precursors.” These 
lesions are characterized by collections of dilated irregular ducts 
embedded within dense fibrous stroma and located near portal 
tracts (see Fig. 64-5, B). Development of cholangiocarcinoma, 
although rare, is a recognized complication of ADPKD that may 
arise following a dysplasia-carcinoma sequence in the epithelium 
of peribiliary cysts." Therefore careful gross examination and 
extensive sampling of cysts, especially where suspicious solid or 
fibrotic areas are identified, is recommended. 


Congenital Hepatic Fibrosis and Autosomal 
Recessive Polycystic Kidney Disease 


The liver findings of ARPKD in infants are somewhat different 
from those in older children and those with CHE, the latter 
believed to be a manifestation of ARPKD that has morphologi- 
cally evolved and developed fibrosis over time.'** The infant liver 
microscopically shows enlarged portal tracts ringed by persistent 
ductal plate structures similar to those seen in the embryonic liver. 
Some portal tracts show numerous branching and interlacing duct 
structures that are often dilated and/or contain polypoid projec- 
tions. Although abnormal architecturally, these ducts communi- 
cate with the biliary tree, in contrast to the cysts of ADPKD. The 
expanded portal tracts lack normal interlobular bile ducts and 
often exhibit portal vein hypoplasia. 

CHF is highly associated with ARPKD and other malforma- 
tion syndromes, such as Meckel-Gruber syndrome, Bardet-Biedel 
syndrome, renal-hepatic-pancreatic dysplasia, and Joubert syn- 
drome. Rarely, CHF has been seen in association with ADPKD. 
In contrast to the infantile presentation of ARPKD, there is 
more periportal fibrosis with progressive development of fibrous 
bands and septa. Macroscopically, the liver is enlarged and firm 
and shows a reticular pattern of fibrosis, usually without overt 


e Fig. 64-6 Congenital hepatic fibrosis. Macroscopic view of congenital 
hepatic fibrosis showing a markedly enlarged liver with a reticular pattern 
of fibrosis. 


nodularity (Fig. 64-6). The irregular pattern of fibrosis is described 
as a jigsaw puzzle pattern with fibrous bands surrounding irregu- 
larly shaped islands of preserved hepatic tissue (Fig. 64-7, A). 
Small bland-appearing ducts are present both centrally within the 
septa and at the edges of the septa and are often plugged with 
bile or eosinophilic concretions (see Fig. 64-7, B). Some cases 
demonstrate decreased numbers or decreased size of portal vein 
branches that may represent a presinusoidal contribution to the 
portal hypertension in these patients.'“' Of note, there is typically 
little or no associated inflammation or cholestasis except in the 
case of ascending cholangitis, in which abundant neutrophils are 
seen in association with the ductal structures. 


Caroli Disease 


This disease is defined by the presence of segmental or diffuse 
congenitally dilated intrahepatic bile ducts in the absence of an 
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tion of the central veins (arrow). Embedded within the fibrosis are numerous bile ducts, some of which 
are dilated. (Trichrome stain, x40). B, Dilated and bland-appearing ducts with eosinophilic concretions, 
centrally and peripherally located within the portal tract (hematoxylin and eosin, x200). 


ae es ee ARSAN, nce Sa x 
e Fig. 64-8 Caroli disease. Ectatic bile ducts in the hilum of the liver show 
papillary protrusions into duct lumen (hematoxylin and eosin, x100). 


obstructive cause.'“‘ Caroli disease is limited to ectasia or dilata- 
tion of larger intrahepatic ducts, may be associated with ARPKD, 
and does not typically affect the liver parenchyma.“ Caroli 
syndrome is the combination of Caroli disease and CHE.’ On 
macroscopic examination the dilated ducts appear to be smooth- 
walled cysts of variable size which communicate with intervening 
normal-appearing ducts. Brown pigmented stones composed of 
inspissated bile may also be present within the cysts. Microscopi- 
cally, there is prominent chronic inflammation and variable acute 
inflammation around the areas showing cystic change (Fig. 64-8). 
The cyst-lining epithelium ranges from cuboidal to columnar or 
can be ulcerated. Epithelial dysplasia may also be present, and 
cholangiocarcinoma has been reported in 7% of these cases.“ 
Recurrent bile duct obstruction and ascending cholangitis is asso- 
ciated with increased fibrosis (Fig. 64-9) and even progression to 
cirrhosis. 
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e Fig. 64-9 Caroli disease. Other ducts show marked periductal chronic 
inflammation. Peripheral bile ducts do not show evidence of ductal plate 
malformation although this case shows periductal fibrosis indicating sec- 
ondary biliary sclerosis (hematoxylin and eosin, x40). 


Choledochal Cysts 


These lesions represent one end of a spectrum that includes Caroli 
disease, as considerable overlap in histologic findings exists. Clas- 
sification is usually based on the radiographic appearance. Grossly 
they differ greatly in size and often contain copious amounts of 
biliary fluid. Microscopically they typically show extensive denu- 
dation or ulceration of the epithelial lining,'“* sometimes with 
granulation tissue and hemorrhage. When the lining is present 
there is most commonly a simple cuboidal or columnar epithe- 
lium with reactive cytologic and architectural features. Subepithe- 
lial inflammation is usually present and of variable density, with 
a mixture of inflammatory cell types represented. Inflammatory 
infiltration is probably related to epithelial disruption and bacte- 
rial overgrowth associated with bile stasis that may also predispose 
cysts to metaplastic and dysplastic changes.’ Various forms of 
metaplasia are observed in choledochal cysts, including pyloric, 
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e Fig. 64-10 Choledochal cyst. A, Low-power examination of the lining of this choledochal cyst shows 
cuboidal-to-columnar biliary epithelium with peribilary glands, chronic inflammation, and focal pyloric 
metaplasia (hematoxylin and eosin, x100). B, Partially denuded area of cyst (hematoxylin and eosin, x100). 


Ps A ig B 
e Fig. 64-11 Simple hepatic cysts. A, High-power view of the simple low cuboidal epithelial lining, focal 
mucinous change, and a variably thickened fibrotic capsule (hematoxylin and eosin, x200). B, Cytokeratin 


7 staining of epithelial lining cells. 


intestinal, and squamous'” (Fig. 64-10). Intestinal epithelium 
with goblet and neuroendocrine cells is reported to increase in fre- 
quency with age.'”! The risk of carcinoma is increased 5- to 35-fold 
in patients with choledochal cysts, and the risk appears to increase 
with patient age.” Most malignancies arising in choledochal cysts 
are adenocarcinomas, although rarely squamous cell carcinomas 
occur, presumably from foci of squamous metaplasia. Given the 
increased risk of dysplasia (biliary intraepithelial neoplasia) and 
malignancy, extensive sampling or, optimally, complete submis- 
sion of resected cysts is recommended. 


Simple (Nonneoplastic, Nonparasitic, 
Noncommunicating) Hepatic Cysts 


This common lesion (affecting approximately 1% to 2% of the 
general population) is generally referred to as a solitary hepatic 
cyst although as many as 40% of patients may have multiple 
lesions.” These lesions ae generally small, although giant 
lesions as large as 27 cm in diameter have been reported.'” 


Histologically, the epithelial lining of these hepatic cysts is a single 
layer of low cuboidal to columnar epithelium (Fig. 64-11). Epi- 
thelial cells may show mucinous features. Immunohistochemical 
features of cytokeratin and mucin expression are similar to those 
of cysts arising in ADPKD.'°'” Cyst-lining cells show only weak 
immunohistochemical expression of tumor markers such as car- 
bohydrate antigen 19-9 and carcinoembryonic antigen despite 
elevated levels of these markers in cystic fluid.'"°'* 


Clinical Manifestations and Treatment of 
Fibrocystic Liver Diseases 


Polycystic Liver Disease 


Natural History 


The natural history of autosomal dominant forms of PCLD is best 
described for polycystic liver occurring with ADPKD mutations 
of PKDI and PKD2. The prevalence and number of hepatic cysts 
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N=16 28 80 137 80 45 42 
Age (decade) 
e Fig. 64-12 Polycystic liver. Prevalence of hepatic and renal cysts in 
autosomal dominant polycystic kidney disease. The frequency of renal and 
hepatic cysts is displayed by age in at-risk members of kindreds known 
to be affected by autosomal dominant polycystic kidney disease. Cysts 
were detected by real-time ultrasonography. The population at risk 
included 239 patients with autosomal dominant polycystic kidney disease 
and 189 unaffected family members. Hepatic cysts are rarely detected 
before puberty, but by the fifth decade of life approximately 80% of 
patients with renal cysts have hepatic cysts. 


in patients with ADPKD increase with age, female sex, severity 
of renal cystic disease, and severity of renal dysfunction (Fig. 
64-12). By the age of 60 years, nearly 80% of ADPKD patients 
have hepatic cysts.°”“"''”” Men and women have an equal lifetime 
tisk of developing hepatic cysts, but women experience a greater 
number and larger size of hepatic cysts. Severe hepatic cystic 
disease correlates with both a history of pregnancy and use of 
exogenous female steroid hormones. One longitudinal study of 
anovulatory women with ADPKD treated with hormone replace- 
ment suggests that estrogens selectively increase the severity of 
hepatic cystic disease.” Female tendency to develop massive 
hepatic cystic disease is also characteristic of isolated PCLD.”! 


Molecular Diagnostics 


The molecular diagnostic approaches to ADPKD have advanced 
considerably with the availability of direct gene sequencing. With 
use of commercially available methods, pathologic mutations are 
detected in up to 90% of families with mutations of PKDJ and 
PRD 2. $85157.76,77,160,161 

However, consensus guidelines for use of molecular genetic 
testing are lacking. Ultrasonography is a reasonable screening tool 
in adults. In young (<30 years) presymptomatic individuals at risk 
of ADPKD, molecular genetic testing may offer a number of 
advantages over other approaches. In this group ultrasonography 
may lack sensitivity and linkage analysis is impractical. The iden- 
tification of a PKDJ or a PKD2 mutation could affect family 
planning and the choice of future diagnostic studies. Discovery 
of ADPKD mutations may encourage regular blood pressure 
monitoring and screening for associated conditions, such as cere- 
bral aneurysm or mitral valve prolapse. Genetic testing may also 
have a role in the evaluation of young family members being 
considered as living donors for kidney transplant to another 
family member with renal failure from ADPKD. Clarifying the 
mutation status as negative in such potential donors would reduce 
future risks to both the donor and the recipient. 

Clinical genetic testing for PCLD is also available and includes 
genetic sequencing of PRKCSH, SEC63, and LRPS5.'” Because 
the sensitivity of ultrasonography in PCLD is undefined, use of 
genetic testing to identify presymptomatic patients at risk of the 
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wA-j83 Gastrointestinal Symptoms in Patients 
GE With Polycystic Liver Disease 


Esophageal Symptoms 


Belching 0.055 NS 
Dysphagia NS NS 
Odynophagia NS NS 
Regurgitation NS NS 
Heartburn NS NS 
Hematemesis NS NS 


Upper Gastrointestinal Tract Symptoms 


Postprandial fullness 0.010 0.015 
Bloating 0.0005 0.014 
Pain 0.003 0.0005 
Melena NS NS 
Nausea NS NS 
Vomiting NS NS 
Lower Gastrointestinal Tract Symptoms 
Diarrhea NS NS 
Nocturnal diarrhea NS NS 
Constipation 0.079 NS 
Liver-Specific Symptoms 
Jaundice NS NS 
Bilirubinuria NS NS 
Acholic stools NS NS 
Pruritus NS NS 


Significance of differences in frequency of symptoms was assessed by the chi-square test. 
NS, Not significant; PCLD, patients with polycystic liver disease; PCLDyass, patients with 
polycystic liver disease with liver cyst-to-parenchymal volume ratio of 1 or greater; 
PCLD nin, patients with polycystic liver disease with liver cyst-to-parenchymal volume ratio 
less than 1. 


disease may have even more relevance than in ADPKD. Although 
genetic testing results may not immediately alter the treatment of 
patient with PCLD, the ability to screen other asymptomatic 
at-risk family members (and potential transplant donors) for 
mutations is important for patient care. As patients are frequently 
concerned about the risks to their offspring, formal genetic coun- 
seling is recommended even when the mutation status is unknown. 
An algorithm for the use of genetic tests is given in Fig. 64-13.'°! 


Clinical Features 


Patients with small (<2 cm) or few hepatic cysts tend to be clini- 
cally asymptomatic. In contrast, patients who develop massive 
hepatic cystic disease are likelier to have symptoms. Patients with 
a total liver cyst-to-parenchyma volume ratio greater than 1 have 
significantly greater frequency of abdominal pain or discomfort, 
early postprandial fullness, and/or shortness of breath (Table 
64-2).°*"°° Patients with extensive hepatic cystic disease may have 
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ADPKD likely 


Patient evaluation 

e Assess renal and hepatic function 

e Treat hypertension 

e MRI for cerebral aneurysms if 
suggested by symptoms or family 
history of aneurysmal disease 


Genetic evaluation 
e Pedigree interpretation 


e PKD1/PKD2 genetic testing if 
Clinically indicated (reproductive 
decision making, screening of 
younger relatives, transplant 
evaluation of potential donor(s) 


Family screening 
e Renal ultrasound screening of 
at-risk relatives 


Patient with PCLD 


Are renal cysts present? 


New diagnosis 
of ADPKD or 
PCLD 


PCLD likely 


Patient evaluation 

e Assess hepatic function 

e Possible discontinuation of estrogen 
therapy 

e Cyst aspiration/sclerosis/fenestration 
as indicated 


Genetic evaluation 

e Pedigree interpretation 

e PRKCSH/SEC63 genetic testing if 
Clinically indicated (reproductive 
decision making, screening of 
younger relatives, transplant 
evaluation of potential donor(s) 


Family screening 
e Hepatic ultrasound screening of 
at-risk relatives 


e Fig. 64-13 Polycystic liver. Algorithm for evaluation of patients with known or suspected polycystic 
liver. ADPKD, Autosomal dominant polycystic kidney disease; PCLD, polycystic liver disease. 


early satiety, anorexia and vomiting, and malnutrition. The quality 
of life of patients with severe PCLD can be impaired. Patients are 
especially limited in their physical functioning, whereas their 
mental functioning remains unaffected." A large study of 
ADPKD patients showed greater impairment of quality of life in 
patients with larger liver volumes. '°° The consequences of progres- 
sive renal cystic disease include renal failure, requirement for 
dialysis, and kidney transplant. 

Typically, liver parenchymal volume is preserved, even in 
severe cystic disease.“ Blood test abnormalities are usually absent 
but can include a modest elevation of alkaline phosphatase and 
y-glutamyltransferase levels.**' In addition, one series found 
increased levels of carbohydrate antigen 19-9 in 45% of patients, 
which positively correlated with polycystic liver volume.’ 
The diagnosis of polycystic liver is established by the appear- 
ance of multiple cysts on ultrasonography, MRI, or CT scan 
(Figs. 64-14 and 64-15). In patients with a family history of 
PCLD, the appearance of more than four liver cysts is sufficient 


to establish the diagnosis. Routine surveillance imaging is not 
currently recommended. Rarely, a patient with PCLD will expe- 
rience hepatic decompensation and variceal hemorrhage, ascites, 
or encephalopathy. 

The most common, clinically relevant complications arising 
in hepatic cysts are intracystic hemorrhage, ® posttraumatic 
rupture, and most importantly cyst infection, as in one study 11% 
of hospital admissions of ADPKD patients were related to cyst 
infection” (Table 64-3). The gold standard for diagnosing cyst 
infection is a cyst aspirate containing white blood cells and patho- 
gens. Because it is often difficult to target the potentially infected 
cyst, the diagnosis is most often based on a mix of clinical, bio- 
chemical, and imaging findings.'”’ A systematic review showed 
that the current treatment of hepatic cyst infection lacks standard- 
ization, first-line therapy is often inadequate, and recurrent infec- 
tion is common. Because the isolated microorganisms include 
both gram-positive and gram-negative species, we recommend 
orally administered ciprofloxacin as first-line treatment. In the 


e Fig. 64-14 Polycystic liver. Autosomal dominant polycystic kidney 
disease with liver cysts. CT demonstrates numerous cysts in the liver and 
both kidneys. This patient also demonstrates a large umbilical hernia 
which may complicate massive polycystic disease. 


e Fig. 64-15 Polycystic liver. Polycystic liver with minimal renal involve- 
ment in a patient from an autosomal dominant polycystic kidney disease 
cohort. CT demonstrates numerous hepatic cysts with uninvolved kidneys. 


case of failure of first-line therapy, percutaneous cyst drainage 
and intravenous therapy tailored to the isolated organism may be 
required '”” 

Other complications, such as cyst adenocarcinoma, biliary 
obstruction, Budd-Chiari syndrome,'”*'”* or hepatic failure, are 
rarely reported. Associated conditions include mitral valve pro- 
lapse, diverticulosis, inguinal hernia, and cerebral aneurysm.” 


Therapy 

Medical Treatments 

There are no definitive medical therapies for PLCD. In recent 
years several clinical trials have evaluated the efficacy of soma- 
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TABLE 
Complications of Polycystic Liver Disease 


Diagnostic 


Classification Specific Type Tests Treatment 
Arising within Infection MRI, indium Fluoroquinolones 
cyst 18FGD-PET Drainage 
scan 
Hemorrhage CT or MRI Pain control 
Drainage (rare) 
Carcinoma CT or MRI Surgery 
Aspiration 
cytology 
Compression Biliary ERCP Stent placement 
by cyst obstruction Cyst 
decompression 
Venous Hepatic Cyst 
obstruction venography decompression 
Hepatic Resection 
Transplant 
Portal MRI/MRA Cyst 
decompression 
Mesenteric Resection 
angiography Transplant 
Hepatic Portal Endoscopy Band ligation 
dysfunction hypertension (varices) 
US/CT/MRI Cyst 
decompression 
Resection 
Transplant 
Hepatic failure  Exceedingly Transplant 
rare 
Look for other 
cause 


18-FDG-PET, 18-Fluorodeoxyglucose positron emission tomography; C7, computed tomog- 
raphy; ERCP. endoscopic retrograde cholangiopancreatography; MRA, magnetic resonance 
angiography; MRI, magnetic resonance imaging; US, ultrasonography; WBC, white blood cell. 


tostatin analogues. Total liver volume of PCLD patients (ADPKD 
and PCLD) compared with untreated controls significantly 
decreased (4.5% to 5.9%) after treatment with somatostatin ana- 
logues, 12124125176 Both octreotide"?! and lanreotide'*"!”!”° 
decreased the liver volume of patients with PCLD by approxi- 
mately 5%, and improved quality of life.'**'”°'’’” However, side 
effects of diarrhea, hyperglycemia, and gallbladder disease may 
limit the tolerability of treatment.'**'”° Pasireotide, a more potent 
somatostatin analogue that showed positive results in experimen- 
tal animal models of PCLD,'™ is currently under clinical evalua- 
tion (NCT01670110107). 

Another proposed intervention is blockade of mTOR, which 
may regulate cyst epithelial proliferation. Sirolimus, an inhibitor 
of mTOR, may reduce cyst volume by inhibiting the growth of 
cystic epithelium. Qian et al." examined seven kidney transplant 
patients with ADPKD who also had hepatic cysts. Patients treated 
with sirolimus-based therapy experienced reduction in liver 
volume when compared with patients receiving tacrolimus-based 
therapy without sirolimus (p < 0.05). However, a randomized 
trial of everolimus, an mTOR inhibitor similar to sirolimus, and 
everolimus in addition to octreotide failed to relieve or reduce 


PCLD 
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Radiologic Cyst Aspiration and Sclerosis 

Symptomatic patients with one or few dominant cysts may be 
considered for aspiration sclerotherapy. This minimally invasive 
treatment comprises ultrasonographic-guided percutaneous punc- 
ture of the targeted cyst and placement of an intracystic drainage 
catheter. Following complete drainage of cystic fluid, a sclerosing 
agent is instilled in the cyst cavity and destroys the inner lining 
of fluid-secreting cholangiocytes. The most commonly applied 
sclerosing agent is ethanol. Other sclerosing agents such as mino- 
cycline and polidocanol showed comparable results and are equally 
safe.'*°'®' Volume reduction of individual cysts in polycystic 
patients is approximately 70% to 90%. However, most 
patients with polycystic disease lack a dominant cyst or cysts of 
sufficient size (>5 cm) to warrant this approach. 


Cyst Fenestration 

Cyst fenestration is a common surgical treatment in the man- 
agement of symptomatic massive hepatic cystic disease." 
Fenestration involves cyst aspiration with subsequent removal or 
fenestration of superficial cyst wall. Two approaches have been 
used: laparoscopy and now less often open laparotomy. Several 
series of open laparotomy, encompassing large numbers of 
patients, indicate that this approach results in satisfactory resolu- 
tion of symptoms. However, open laparotomy is associated with 
prolonged hospitalization, morbidity (bleeding, infection, bile 
leak, ascites) of major abdominal surgery (0% to 50%), and even 
death (<1%).'*’ Because of its less invasive nature, laparoscopic 
cyst fenestration is gaining increasing acceptance as an alternative 
surgical technique. The advantages of laparoscopic surgery include 
less morbidity, reduced hospital stay, and the potential for outpa- 
tient surgical management. One review indicated that symptoms 
recurred in about half of patients, necessitating repeated laparo- 
scopic cyst fenestration. '** Although there were no deaths, surgical 
conversion to open cyst fenestration occurred in 10% of cases, and 
35% of patients experienced complications (Table 64-4).'**'** 
Recurrence of large symptomatic cysts in appropriately selected 
patients remains low (10% to 11%).'” 


Liver Resection 

Liver resection is reserved for those cases that are refractory to cyst 
decompression. One center reported its experience with partial 
liver resection in the treatment of 31 patients with highly symp- 
tomatic, massive hepatic polycystic disease.” Their ages ranged 
from 34 years to 69 years, the male-to-female ratio was 3:28, and 


TABLE : . 
Eyam Outcome After Laparoscopic Cyst Decompression 


renal function ranged from normal to dialysis dependent. Nearly 
all patients experienced significant relief from symptoms, and 
long-term sustained reduction in symptoms was common (>95%). 
However, more than 50% experienced significant perioperative 
morbidity, and there was one perioperative death (due to rupture 
of an intracranial aneurysm). Distortion of the intrahepatic vas- 
culature and biliary ducts in PCLD is a potential source of com- 
plications.""' Moreover, this large open operation promotes 
development of adhesions that might complicate a future liver 
transplant. 


Liver Transplant 

PCLD patients with severe symptoms refractory to other treat- 
ments may be considered for liver transplant.'”*'”* Rarer indica- 
tions for liver transplant include variceal hemorrhage, ascites, 
obstruction of hepatic venous outflow (Budd-Chiari equivalent), 
and biliary tract obstruction by extensive cystic disease not ame- 
nable to other interventions. The 1-year, 3-year, and 5-year sur- 
vival rates for patients undergoing isolated liver transplant 
(n = 198 between 2002 and 2008) are 84.8%, 78.5%, and 71.1% 
respectively. The 1-year, 3-year, and 5-year survival rates for 
patients undergoing combined liver-kidney transplant (7 = 179 
between 2002 and 2008) are 84.9%, 82.2%, and 77.9% respec- 
tively (Fig. 64-16) (analyses prepared by the U.S. Scientific Reg- 
istry of Transplant Recipients, March 4, 2010). 


Congenital Hepatic Fibrosis 


Terminology 

The clinical spectrum of CHF varies depending on the age at 
presentation. Typically, CHF occurs in conjunction with ARPKD. 
In fetal or neonatal life the picture is dominated by renal and 
pulmonary manifestations, although hepatic fibrosis and hyper- 
plastic biliary ducts may be present.” In adulthood the liver 
phenotype of CHF may predominate. Progression in hepatic 
fibrosis leads to portal hypertension and the clinical complications 
of hypersplenism, pancytopenia, and esophageal varices.“ 


Characteristics 


CHF is a rare, inherited, autosomal recessive disorder that is most 
often associated with ARPKD. Other clinical associations of CHF 
include renal dysplasia, nephronophthisis, Meckel-Gruber syn- 
drome, Ivemark syndrome, Jeune syndrome, vaginal atresia, and 
tuberous sclerosis. 00 


Recurrent symptoms (%) 62 57 33 72 58 
Conversion to open (%) 0 29 11 9 10 
Complications (%) 46 S7 33 10 35 
Number of patients iB 7 9 11 40 


Data from Gupta AK, et al. Caroli’s disease. Indian J Pediatr 2006;73(3):233-235; Alonso-Lej F, et al. Congenital choledochal cyst, with a report of 2, and an analysis of 94, cases. Int Abstr Surg 
1959;108(1):1-30; Reveille RM, et al. Increased secondary bile acids in a choledochal cyst. Possible role in biliary metaplasia and carcinoma. Gastroenterology 1990;99(2):525-527; and Katabi N, 
et al. Choledochal cysts: a clinicopathologic study of 36 cases with emphasis on the morphologic and the immunohistochemical features of premalignant and malignant alterations. Hum Pathol 


2014;45(10):2107-2114. 
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e Fig. 64-16 Polycystic liver. Patient survival after liver transplant for 
polycystic liver disease (PCLD). The dotted lines show the results for 
combined liver-kidney and isolated liver transplant in patients with auto- 
somal dominant polycystic kidney disease (ADPKD). The solid line shows 
the outcome for patients with isolated polycystic liver disease (PCLD). The 
relatively worse survival of ADPKD patients may be related to complica- 
tions inherent to their underlying kidney disease. SLK, Simultaneous liver- 
kidney transplant. 


Clinical Features 


CHF presents in three clinical forms: portal hypertension, recur- 
rent cholangitis, and asymptomatic or latent disease.” The first 
two forms are usually diagnosed in early childhood in patients 
who present with variceal hemorrhage or unexplained biliary 
sepsis. In contrast, in some patients CHF will be detected later, 
during their adult years, when they are evaluated for unexplained 
hepatomegaly or portal hypertension. Rarely, patients present 
with evidence of both portal hypertension and cholestasis, the 
latter due to either associated biliary anomalies (Caroli syndrome) 
or intrinsic destructive cholangiopathy. In general, hepatic func- 
tion is well preserved, despite portal hypertension or cholangitis, 
although some patients experience progressive hepatic failure 
during long-term follow-up. 


Treatment 

The first-line treatment of variceal hemorrhage is endoscopic vari- 
ceal eradication with ligation. If the patient is intolerant to endo- 
scopic therapy, institution of B-adrenergic blockade could be 
considered. In most cases varices may be successfully obliterated 
by the endoscopic approach, thereby controlling this potentially 
life-threatening complication. Surgical shunts or transjugular 
intrahepatic portosystemic shunt is reserved for patients in whom 
endoscopic therapy fails, who bleed from gastric varices, or who 
have portal hypertensive gastropathy. Occasionally patients will 
experience progressive hepatic fibrosis and hepatic dysfunction 
after long-standing portosystemic shunt surgery, and development 
of this complication may necessitate consideration for liver 
transplant. 

In patients with cholangitis, radiologic imaging (ultrasonogra- 
phy, biliary radioscintigraphy, CT, or MRI) may be required to 
determine whether the patient with CHF has concomitant biliary 
cystic disease. If the latter is present, the treatment of cholangitis 
is centered on provision of adequate biliary drainage, relief of 
obstruction (papillotomy with stone extraction or stricture dila- 
tion), and control of infection with antibiotics. In the absence of 
biliary cystic disease or cholangiocarcinoma (6% of cases of CHF), 
cholestasis may be related to idiopathic inflammatory destructive 
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cholangiopathy and may respond to ursodeoxycholic acid therapy. 
Indications for liver transplant include variceal hemorrhage or 
hemorrhage from portal hypertensive gastropathy that is not 
responsive to endoscopic treatment or amenable to portosystemic 
shunt surgery or transjugular intrahepatic portosystemic shunt, 
recurrent cholangitis that is not amenable to medical, endoscopic, 
radiologic, or surgical therapy, and hepatic failure (development 
of coagulopathy, biochemical deterioration, ascites, or portosys- 
temic encephalopathy). 


Caroli Disease/Syndrome 


Characteristics 

In 1973 Caroli’ described a syndrome of congenital DPMs of 
intrahepatic bile ducts characterized by segmental cystic dilatation 
of the intrahepatic ducts, increased incidence of biliary lithiasis, 
cholangitis, and liver abscesses, absence of cirrhosis and portal 
hypertension, and association of renal cystic disease. In addition, 
patients with Caroli syndrome have features of CHF. 


Clinical Features 


The most common presenting symptoms of Caroli disease are 
recurrent episodes of fever, chills, and abdominal pain due to 
cholangitis, with peak incidence in early adult life. Males and 
females are equally affected, in contrast to the female predomi- 
nance of massive PCLD, simple hepatic cysts, and choledochal 
cysts. More than 80% of affected individuals present with symp- 
toms before the age of 30 years. Rarely, the disease presents later 
in life with evidence of portal hypertension and its complications 
(most commonly bleeding esophageal varices) and is then labeled 
as Caroli syndrome. The lifetime risk of development of cholan- 
giocarcinoma in Caroli syndrome is approximately 7%. Biliary 
lithiasis is found in one third of patients and predisposes them to 
recurrent episodes of cholangitis due to obstruction and ascending 
infections. Occasional patients also experience multiple liver 
abscesses. 

Caroli disease and Caroli syndrome has been associated with 
mutations in PKHD1, the gene responsible for ARPKD.””’ In rare 
instances it has been described in the setting of PKDJ mutations, 
one of the two genes implicated in ADPKD.” 


Diagnosis 

Caroli disease is typically discovered by imaging performed during 
evaluation of biliary obstruction or cholangitis.” These studies 
typically demonstrate bile duct ectasia and nonobstructive sac- 
cular or fusiform dilatation of the intrahepatic bile ducts. Com- 
munication of the intrahepatic cysts with the biliary tree and an 
otherwise normal common bile duct is the key feature of the diag- 
nosis and is usually confirmed by ultrasonography, scintigraphy, 
CT scan after biliary contrast, magnetic resonance cholangiogra- 
phy (MRCP), endoscopic retrograde cholangiography (ERCP), 
or percutaneous transhepatic cholangiography (PTC). PTC and 
ERCP allow detailed examination of the biliary tree and may 
aid in therapy (Fig. 64-17). MRCP with a dynamic contrast- 
enhanced study is an excellent screening tool for Caroli disease and 
allows the diagnosis to be made without invasive imaging of the 
biliary tree.*°° 


Treatment 


Adequate biliary drainage is the primary approach in the man- 
agement of Caroli disease. Endoscopic therapy with ERCP is 
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effective in removing sludge or stones from the common bile 
duct but is of limited utility in providing adequate drainage of 
intrahepatic cysts. In contrast, PTC is more effective in draining 
these cysts and avoids recurrent episodes of cholangitis, espe- 
cially if patients adhere to periodic flushing and changing of 
drainage catheters. During episodes of acute cholangitis, patients 
may require courses of antibiotics and use ursodeoxycholic acid 
for treatment of severe cholestasis.” Rarely the cystic disease is 


e Fig. 64-17 Caroli disease. Cholangiogram demonstrating ectatic biliary 
ducts and saccular dilatations of both intrahepatic and extrahepatic ducts. 


confined to one hepatic lobe, and, in this circumstance hepatic 
lobectomy may be curative. Although some have advocated hepat- 
icojejunostomy after partial hepatectomy as primary therapy, the 
long-term efficacy of this procedure is uncertain, and the extensive 
surgery could compromise the outcome from liver transplant. 
There are three indications for liver transplant in Caroli disease: 
hepatic decompensation, recurrent cholangitis that is unrespon- 
sive to endoscopic or radiologic interventions, and development 
of cholangiocarcinoma.”*”* 


Choledochal Cysts 


Characteristics 


Choledochal cysts are usually diagnosed in childhood but may 
remain silent and undetected until adulthood in up to 50% of 
patients.” *'' Choledochal cysts are cystic dilatations that may 
occur throughout the macroscopic intrahepatic and extrahepatic 
biliary tree. Although the term choledochal cyst has been used for 
any cystic dilatation of the biliary tree, isolated choledochal cysts 
are usually restricted to only the common hepatic or bile duct. 
Despite the uncommon occurrence of choledochal cysts, there are 
hundreds of reports in the literature encompassing more than 
3000 cases. Choledochal cyst is a rare condition in the Western 
hemisphere but is relatively more common among Japanese and 
other Oriental populations. Several classifications of choledochal 
cysts have been proposed but the most commonly cited in the 
medical literature is that by Todani et al.”'* (Fig. 64-18). In this 
system the most common is a type I cyst, representing more than 
80% of cases. The pattern of inheritance is unclear. 


Clinical Features 

The most common clinical presentation of choledochal cyst is a 
relatively young patient (child or adolescent) with pain, mass in 
the right upper quadrant or epigastrium, and jaundice. In one 
series of 740 cases, jaundice was the most common and most 
consistent presenting feature. In infants, jaundice is often the only 
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e Fig. 64-18 Choledochal cysts. Anatomic classification of choledochal cysts. The various anatomic 
types of choledochal cysts are shown. Type la, choledochal cyst; type Ib, segmental choledochal dilata- 


tion; type Ic, diffuse or cylindric duct dilatation; type II, extrahepatic duct diverticulum; type Ill, choled- 
ochocele; type IVa, multiple intrahepatic and extrahepatic duct cyst; type IVb, multiple extrahepatic duct 


cyst; type V, intrahepatic duct cyst (Caroli disease). 
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e Fig. 64-19 Choledochal cyst. CT demonstrating cystic dilatation of the 
common hepatic duct near the gallbladder fossae. 


sign, and the disorder may be difficult to distinguish from biliary 
atresia. Choledochal cyst is diagnosed in most patients before they 
reach the age of 30 years, and the male-to-female ratio in most 
series is approximately 1:4. 

Reported complications include spontaneous and traumatic 
rupture. Rupture and increased levels of secondary bile acids may 
contribute to cyst metaplasia and carcinoma. The tumors may 
originate in different parts of the pancreatobiliary system, includ- 
ing the liver, gallbladder, intrahepatic ducts, pancreatic ducts, and 
pancreas. 


Diagnosis 

The diagnosis of a choledochal cyst should be suspected when a 
patient presents with recurrent abdominal pain, jaundice, raised 
serum amylase levels, and cystic mass on imaging. Initial imaging 
of the biliary tree by ultrasonography or radioscintigraphy (hepa- 
tobiliary iminodiacetic acid scans) is usually diagnostic. Confir- 
mation and anatomic definition may require CT, ERCP, or PTC 
(Figs. 64-19 and 64-20). Patients with extrahepatic choledochal 
cysts have an increased incidence of anomalous pancreaticobiliary 
junction, which requires ERCP when one is planning excision of 
the cyst. In recent years MRCP has been shown to be equivalent 
to ERCP in detecting and defining not only choledochal cysts but 
also the presence of an anomalous union of the pancreatic and 
bile ducts. MRCP can also define the length of extrahepatic bile 
duct involved by the cyst, which is important when one is plan- 
ning a surgical approach. Particularly in the pediatric population 
MRCP offers an attractive noninvasive diagnostic alternative with 
the lack of ionizing radiation. Endoscopic ultrasonography has 
also been a useful imaging method for patients with a suspected 
anomalous pancreaticobiliary junction. Prenatal ultrasonography 
can detect choledochal cysts in utero, which may help antenatal 
counseling because early neonatal cyst excision and duct revision 
may be required. 
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e Fig. 64-20 Choledochal cyst. Endoscopic retrograde cholangiopan- 
creatography demonstrating a Todani, type |, choledochal cyst. 


Treatment 


It is generally agreed that choledochal cysts require surgical 
treatment given their potential malignant risk. The preferred 
surgical treatment is complete cyst excision with Roux-en-Y 
hepaticojejunostomy.”””*'* This eliminates any opportunity for 
stasis, infection, stone formation, and possible development of 
cholangiocarcinoma. The procedure provides excellent long-term 
results with low morbidity and mortality, but life-long follow-up 
may be necessary to avoid potential problems, such as biliary 
cirrhosis. Internal cyst drainage procedures (cystoduodenostomy, 
cystojejunostomy) have often been unsatisfactory, with a com- 
plication rate as high as 50%, and this procedure may make 
transplant difficult. 


Solitary Hepatic Cyst 


Characteristics 


Solitary hepatic cysts are relatively common, reported in up to 
18% of a general population,” usually asymptomatic, and most 
often discovered incidentally during the evaluation of abdominal 
symptoms or disorders (Fig. 64-21).*'° The exact prevalence of 
solitary hepatic cysts for the U.S. population is unknown, but the 
female-to-male ratio is approximately 4:1. In a European study 
of 26,000 patients undergoing diagnostic ultrasonography, the 
prevalence of a solitary hepatic cyst was 2.8%.*'’ A Taiwanese 
study used ultrasonography in a large-scale screening program for 
simple hepatic cysts to explore age- and sex-specific prevalence.” 
Three thousand six hundred participants underwent screening 
ultrasonography, and 156 simple hepatic cysts in 132 study par- 
ticipants were detected. The overall prevalence was 3.6%. Preva- 
lence increased with age, ranging from 0.83% in participants 
younger than 40 year to 7.81% in participants older than 60 
years. The sizes of 219 hepatic cysts in 167 hospitalized patients 
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e Fig. 64-21 Solitary hepatic cyst. CT demonstrating a large solitary cyst 
in the left lobe of the liver. 


were measured; 53% had diameters between 1 cm and 3 cm, and 
only 7% were larger than 5 cm. Cysts occurred more commonly 
in the right lobe and were twice as prevalent in women. All of 
these cysts were asymptomatic, and none of the patients experi- 
enced clinical consequences. 


Treatment 


Asymptomatic solitary hepatic cysts are best managed conserva- 
tively. The preferred treatment of symptomatic cysts is percutane- 
ous cyst aspiration followed by sclerotherapy.'®*?!°*!??”! This 
approach is more than 90% effective in controlling symptoms and 
ablating the cyst cavity. The recurrence rate after successful abla- 
tion is only 5% to 15%. If the radiologically guided percutaneous 
approach is ineffective or unavailable, treatment may include 
either laparoscopic or open surgical cyst fenestration. The laparo- 
scopic approach is increasingly used for anatomically accessible 
cysts, and greater than 90% efficacy is reported.*'® 


SUMMARY 


e The inherited fibrocystic diseases of the liver are genetically distinct 
yet share many features, such as biliary epithelial proliferation, biliary 
ectasia, cyst formation, and periductular fibrosis, suggesting common 
pathophysiologic mechanisms. 

e Mutations that alter function of primary ciliary proteins (PC-1, PC-2, 
fibrocystin), proteins that process these ciliary proteins (Sec63, 
hepatocystin), and an interacting protein (Lrp5) highlight the central 
role of the primary cilium in biliary epithelial homeostasis. 

e impaired signal transduction at the level of the primary cilium results 
in lower intracellular calcium levels and stimulation of adenyl cyclase, 
and is associated with stimulation of growth and proliferation 
pathways, reduced Wnt signaling, and increased extracellular 
matrix remodeling. 

e Although modest, the significant decrease in cyst growth or volume 
in response to somatostatin analogues (lanreotide, octreotide) has 
generated interest in the therapeutic potential of pharmacotherapy. 


References 


A more potent somatostatin analogue (pasireotide) is being investigated 
in an ongoing clinical trial. 


Future Direction 

Future research will expand our understanding of the cellular and molecular 

pathways and their interactions that underlie the pathophysiology of the 

fibrocystic diseases. Potential targets identified in preclinical research will 

need to be validated and evaluated in human clinical research trials: 

e Proliferation pathways: cyclin-dependent kinase inhibition (roscovitine), 
Cdc25A inhibition (miR-15A, vitamin K3, phenyl maleimide compound 20) 

e Epigenetic regulation of proliferation pathways: HDAC6 inhibition, 
peroxisome proliferator—activated receptor y activation 

e Growth factor receptor signaling: VEGF receptor antagonism (SU-5416) 

e Extracellular matrix remodeling: MMP inhibition 

e Multiple interacting pathways: combinations of agents 


The complete reference list is available at www.expertconsult.com. 
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ABBREVIATIONS 


AAP American Academy of Pediatrics 

ACIP Advisory Committee on Immunization Practices 
ALT alanine aminotransferase 

CDC Center for Disease Control and Prevention 
CMV cytomegalovirus 

EBV Epstein-Barr virus 

ELISA enzyme-linked immunosorbent assay 
ELU ELISA-linked units 

HAI histologic activity index 

HAV hepatitis A virus 

HBeAg hepatitis B e antigen 

HBsAg hepatitis B surface antigen 

HBV hepatitis B virus 

HCC hepatocellular carcinoma 

HCV hepatitis C virus 

HDV hepatitis D virus 

HEV hepatitis E virus 

HHV6 human herpes virus 6 

HIV human immunodeficiency virus 

IFN-@ interferon-alpha 

Ig immunoglobulin 

IgM immunoglobulin M 

LKM1 liver-kidney microsomal antibody type 1 
PCR polymerase chain reaction 

SPLIT Studies of Pediatric Liver Transplantation 
VCA viral capsid antigen 


Introduction 


Many viruses can infect the liver during childhood. Some, such as 
hepatitis A and B viruses, are largely hepatotropic, whereas others, 
such as adenovirus, can cause multisystem disease. Some, such as 
herpes viruses 1 and 2, only cause acute infection whereas others, 
such as hepatitis B virus, can cause acute hepatitis, with or without 
liver failure, or result in chronic infection. Some may cause very 
mild or asymptomatic disease such as cytomegalovirus (CMV), 
and some can cause acute liver failure, such as parvovirus B19. 
Finding evidence of viral infection in a patient with “hepatitis,” 
meaning elevation of serum aminotransferases, does not necessarily 
prove that the hepatitis is related causally to the viral infection. 
Similarly, the presence of elevated serum aminotransferases 
in a child does not necessarily indicate viral infection of the 
liver. There is a long list of differential diagnoses depending on 
the age of the child, whether the child is cholestatic or not, and 


whether or not extrahepatic symptoms are present. These con- 
ditions include m etabolic, autoimmune, genetic, and nonviral 
infections, such as those secondary to bacteria, fungi, or parasites. 
Cholangiopathies, such as biliary atresia, sclerosing cholangitis, 
or autoimmune cholangitis, are usually accompanied by eleva- 
tion of serum aminotransferases. Drug-induced liver disease is 
increasingly diagnosed in children. As many as one quarter of 
children with gluten-sensitive enteropathy may exhibit elevated 
aminotransferases.' Furthermore, a child with marked elevations 
of serum aminotransferases may have suffered nonaccidental 
trauma from child abuse and abdominal battering. Such children 
often have very high elevation of serum aminotransferases, up to 
20,000 IU/L with prompt return to normal values over just a few 
days, a pattern which is not typical of viral hepatitis.” Myopathies 
such as Duchenne muscular dystrophy are often accompanied 
by elevation of serum aminotransferases of muscular origin.’ In 
such children, serum creatine phosphokinase is usually dramati- 
cally elevated, whereas in viral hepatitis it is in the normal range. 
Nonalcoholic steatohepatitis (NASH) and nonalcoholic fatty liver 
disease have now become the most common liver diseases of chil- 
dren.*” Thus, when an obese child presents with clinical signs and 
symptoms of an infection such as fever, accompanied by elevation 
of serum aminotransferases, it may be a challenge to determine 
if the patient has viral hepatitis or underlying NASH, or both.’ 
This chapter on viral hepatitis in children is organized accord- 
ing to the major clinical presentations of viral infections of the 
liver in childhood: acute hepatitis with possible progression to 
pediatric acute liver failure (PALF) and chronic hepatitis. 


Acute Hepatitis 


General 

Acute hepatitis is a general term indicating an illness arising in a 
host without previous evidence of liver disease. The incidence of 
acute viral hepatitis in North America has decreased since the 
introduction of universal vaccines for hepatitis A and B viruses.‘ 
The pediatric patient with acute viral hepatitis may present with 
nonspecific symptoms of a viral infection, including fever, malaise, 
and gastrointestinal symptoms with or without respiratory symp- 
toms. Initially, these symptoms may be attributed to viral gastro- 
enteritis or respiratory illness. It is only when the illness has lasted 
more than a few days that physicians tend to order laboratory 
testing for hepatic enzymes. The detection of viral hepatitis in a 
child may be more challenging than in an adult because young 
children with viral hepatitis are often anicteric. When the serum 
aminotransferases are elevated, viral hepatitis is suspected. If the 
patient develops signs of cholestasis, generalized icterus, acholic 
stools, and dark urine, hepatic involvement is obvious. Several 
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viruses known to cause acute hepatitis have also been implicated 
as causes of pediatric acute liver failure (PALF). The Pediatric 
Acute Liver Failure Study Group, recognizing the difficulty of 
diagnosing encephalopathy in a frightened ill young child, has 
defined PALF as acute liver injury combined with either severe 
coagulopathy (International Normalized Ratio [INR] > 2.0 or 
prothrombin time [PT] > 20 seconds) or encephalopathy with 
moderate coagulopathy (INR = 1.5 or PT = 15 seconds).” 


Acute Liver Failure 


In the developing world, viral infections, particularly hepatitis A, 
B and E, are the most common causes of PALE*” PALF secondary 
to viral hepatitis in the developing world is associated with mortal- 
ity rates of 54% to 85%.'° The Pediatric Acute Liver Failure Study 
Group recently studied the role of viruses in a group of 860 North 
American children with nonacetaminophen-induced liver failure. '° 
Twenty percent (166 of 820) had one or more positive tests for 
acute viral infection. The authors considered six viruses to be “caus- 
ative viruses” (CV)—in other words, viruses which hepatologists 
and infectious disease specialists agreed were capable of causing 
PALE These viruses included hepatitis A virus (HAV), hepatitis B 
virus (HBV) when HBV DNA was detected, herpes virus 1 or 2, 
adenovirus, parvovirus B19, and, in children less than 7 months of 
age, enterovirus. A CV was identified in 81 of 762 (10.6%) par- 
ticipants, whereas an “associated virus” (AV) was identified in 99 
of 795 (12.5%) participants. An AV is a virus for which there was 


TABLE 
65-1 


agreement amongst the aforementioned specialists that a positive 
test for the presence of the virus did not generally indicate that the 
PALF was secondary to infection of the host with that virus. Those 
viruses included HBV (when HBsAg/HBeAg were positive but 
HBV DNA was negative), hepatitis C virus (HCV), cytomegalo- 
virus (CMV), Epstein-Barr virus (EBV), human immunodefi- 
ciency virus (HIV), and human herpes virus 6 (HHV6). The CVs 
and AVs of children enrolled in the PALF registry and the diagnos- 
tic tests for these viral infections are shown in Table 65-1. The 
results of testing for CVs are shown in Table 65-2 and for AVs in 
Table 65-3. Testing for viral infections and other etiologies of 
PALF were investigator-dependent so there were many subjects in 
whom testing for either CVs or AVs was not performed.’ Approxi- 
mately one quarter of infants less than 7 months of age were posi- 
tive for herpes simplex viruses 1 and 2 (HSV), or enterovirus. HSV 
was the most frequently diagnosed CV being found in 11.6% (39 
of 235 tested). However, the majority of the group was not tested 
for this treatable viral infection. The three most frequently identi- 
fied AVs relative to the diagnostic tests performed were HHV6 
(14.3 %), EBV (7.8 %), and CMV (5.0%). Overall, only approxi- 
mately 10% of the children were diagnosed by the investigators as 
having a viral cause of PALF despite the fact that approximately 
twice that many had objective evidence of an acute viral infection. 
The authors concluded that children with nonacetaminophen 
PALF should be aggressively tested for CVs, particularly HSV, 
which is treatable, and that a systemic search for AVs might also 


Viral Infections of the Liver and Pediatric Acute Liver Failure (PALF) 


Causative of PALF 
Adenovirus 


Respiratory, Gl 


Enterovirus (EV) GI, ALF only < 7 months 


Hepatitis A virus (HAV) Jaundice except in neonates, 


gastrointestinal symptoms 


Hepatitis B virus (HBV) In neonates born to HBeAg negative 


mothers 


Herpes simplex virus 
(HSV) 1 or 2 


Rapidly progressive in the neonate with 
“blueberry muffin” rash, but occurs at 
all ages; treatable with acyclovir 


Parvovirus (PV) B19 


Associated With PALF 
Cytomegalovirus (CMV) 


Aplastic anemia 


Asymptomatic 


Epstein-Barr virus (EBV) Lymphadenopathy, splenomegaly 


Hepatitis B (HBV) Asymptomatic 

Hepatitis C (HCV) Asymptomatic 

Human herpes virus High fever for several days, followed by 
(HHV) 6 self-limited dermatologic condition 


Human immunodeficiency 
virus 9 (HIV-9) 


Immune deficiency 


Adenovirus DNA 


A EV RNA or EV IgM antibody (age 0-6 months 
old) 

A HAV IgM 

A,C HBV anticore IgM, HBV DNA 

A HSV IgM antibody, HSV DNA, HSV culture from 


blood, tracheal or nasopharyngeal aspirate, 
liver tissue, and/or cerebrospinal fluid 


A PV IgM antibody or PV DNA 

AIG CMV DNA, CMV IgM antibody, or CMV culture 
from liver tissue and/or tracheal aspirate 

A,C EBV IgM, EBV DNA 

A, C HBsAg, HBeAg 

C HCV RNA 

A,C HHV6 DNA from blood or liver 

A,C HIV IgM antibody 


A, Acute; C, chronic; Gi, gastrointestinal; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen; /gM, immunoglobulin M. 
Data from Schwarz KB, et al. for the Pediatric Acute Liver Failure Study Group (PALFSG). An analysis of viral testing in non-acetaminophen (non-APAP) pediatric acute liver failure (PALF). J Pediatr 


Gastroenterol Nutr 2014;59:616-623. 


WwAN-j8=3 Prevalence of Test Results for Causative 
Viruses (CV) in Pediatric Acute Liver 
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WAE Distribution of Test Results for Associated 
Viruses in Pediatric Acute Liver Failure 


HBV 

Not tested 197 80 117 

Negative 656 (98.9) 140 (100.0) 516 (98.7) 

Positive 7 (1.1) 0 (0.0) 7 (1.3) 
HCV 

Not tested 768 211 557 

Negative 91 (98.9) 9 (100.0) 82 (98.8) 

Positive 1 (1.1) 0 (0.0) 1 (1.2) 
CMV 

Not tested 218 TS) 145 

Negative 610 (95.0) 138 (93.9) 472 (95.4) 

Positive 32 (5.0) 9 (6.1) 23 (4.7) 
EBV 

Not tested 297 120 Wet 

Negative 519 (92.2) 96 (96.0) 423 (91.4) 

Positive 44 (7.8) 4 (4.0) 40 (8.6) 
HHV6 

Not tested 692 193 499 

Negative 144 (85.7) 26 (96.3) 118 (83.7) 

Positive 24 (14.3) 1 (3.7) 23 (16.3) 
HIV 

Not tested 417 143 274 

Negative 440 (99.3) 77 (100.0) 363 (99.2) 

Positive 3 (0.7) 0 (0.0) 3 (0.8) 


HAV 

Not tested 250 111 139 

Negative 595 (97.5) 106 (97.3) 489 (97.6) 

Positive 15 (2.5) 3 (2.8) 12 (2.4) 
HBV 

Not tested 578 173 405 

Negative 279 (98.9) 47 (100.0) 232 (98.7) 

Positive Sie) 0 (0.0) Si (les) 
HSV 

Not tested 525 117 408 

Negative 296 (88.4) 77 (74.8) 219 (94.4) 

Positive 39 (11.6) 26 (25.2) 13 (5.6) 
Adenovirus 

Not tested 661 175 485 

Negative 191 (96.0) 44 (97.8) 147 (95.5) 

Positive 8 (4.0) 123 7 (4.6) 
Parvovirus 

Not tested 600 177 423 

Negative 248 (95.4) 42 (97.7) 206 (94.9) 

Positive 12 (4.6) 1 (2.3) 11 (5.1) 
Enterovirus* 

Not tested 189 

Negative 24 (77.4) 

Positive 7 (22.6) 


*Note: Enterovirus was only identified among participants less than 7 months old. 

HAV, Hepatitis A virus; HBV, hepatitis B virus; HSV, herpes simplex virus. 

Data from Schwarz KB, et al. for the Pediatric Acute Liver Failure Study Group (PALFSG). An 
analysis of viral testing in non-acetaminophen (non-APAP) pediatric acute liver failure (PALF). 
J Pediatr Gastroenterol Nutr 2014;59:616-623. 


lead to improved understanding of the role of viral triggers in this 
life-threatening liver disease of childhood. 


Individual Viruses 


The diagnostic tests for these agents are described in Table 65-1 
and possible treatments are shown in Table 65-4. 


Adenovirus 

Adenovirus (AD) is a ubiquitous DNA virus which most often 
causes mild multisystem disease with a predilection towards the 
lung.'' Children who are immunocompromised are particularly 
vulnerable. On rare occasions AD can cause PALF, most often in 
immunosuppressed individuals such as bone marrow transplant 
recipients. '* Fig. 65-1 demonstrates characteristic hepatic histopa- 
thology with the arrows indicating intranuclear inclusion bodies. 
Cidofovir is considered the drug of choice for severe AD infec- 
tions, but not all patients require treatment."' 


Cytomegalovirus 


Congenital cytomegalovirus (CMV) infection is often asymp- 
tomatic, but a minority of infected newborns will develop 


CMV, Cytomegalovirus; EBV, Epstein-Barr virus; HCV, hepatitis C virus; HHV6, human her- 
pesvirus 6; HIV, human immunodeficiency virus; /gM, immunoglobulin M. 

Data from Schwarz KB, et al. for the Pediatric Acute Liver Failure Study Group (PALFSG). An 
analysis of viral testing in non-acetaminophen (non-APAP) Pediatric Acute Liver Failure 
(PALF). J Pediatr Gastroenterol Nutr 2014;59:616-623. 


e Fig. 65-1 Adenovirus hepatitis showing characteristic intranuclear 
inclusion bodies. A high magnification of the adenoviral lesion shows the 
light microscopic appearance of the typical adenoviral nuclear inclusions. 
The “smudgy” appearance of the nucleus (arrows), the peripheralized 
chromatin pattern, and the lack of cytoplasmic inclusions that help dif- 
ferentiate these inclusions from those seen with CMV. (Adapted from 
http://tpis.upmc.com/tpislibrary/HB/HO0034f.html.) 
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TABLE 


Awe Agents of Acute Viral Hepatitis and Suggested Therapies 


Adenovirus Cidofovir (not FDA-approved for adenovirus but the Usually used only in immunosuppressed individuals 
expert’s choice) 
Cytomegalovirus Gancyclovir, valgancyclovir For use after reactivation after hematopoietic stem cell transplant 


Broad spectrum T cells in the immunosuppressed host 


Epstein-Barr virus Broad spectrum T cells 


For use after reactivation after hematopoietic stem cell transplant 


Enterovirus Intravenous Immune Globulin 


Effective for severe neonatal infection when given within 3 days 
of symptom onset 


Hepatitis A virus None 


Hepatitis E virus Ribavirin 


May be effective in solid-organ transplant recipients if reduction 
of immunosuppression is ineffective 


Human herpes virus 6 Broad spectrum T cells 


Parvovirus B19 Intravenous immune globulin 


May be effective in some cases but have a paradoxical 
exacerbating effect in others 


Varicella-zoster Acyclovir 


hepatitis, hepatosplenomegaly, conjugated hyperbilirubinemia, 
and/or thrombocytopenia and neurologic involvement. The diag- 
nosis of CMV infection may be made by liver biopsy, urine CMV 
culture, or IgM antibody to CMV. CMV does not cause chronic 
infection in immunocompetent children. Acute CMV hepatitis 
is usually not a disorder of healthy children or adolescents, but a 
common disease in immunocompromised hosts.'* Treatment with 
ganciclovir or valganciclovir is indicated.'’ 


Enterovirus 


Enteroviruses such as coxsackie B virus or echovirus 11 may cause 
PALF in infants less than 7 months of age, as well as myocarditis 
and meningoencephalitis.'”'° The infectious signs and symptoms 
in older children are usually much milder and gastrointestinal 
symptoms predominate.” The age-related difference in pathogen- 
esis may be related to the age-related decline in the coxsackie 
virus-adenovirus receptor. Antibodies to this receptor have been 
shown to abrogate the severe hepatitis in mice infected with cox- 
sackie B virus. Early intravenous immunoglobulin (IVIG) 
therapy may be effective for severe neonatal infection when given 
within 3 days of symptom onset.’ 


Epstein-Barr Virus 

Clinical symptoms of infectious mononucleosis caused by Epstein- 
Barr virus (EBV) infection include fever, pharyngitis, lymphade- 
nopathy, splenomegaly, and hepatitis with jaundice. Abnormal 
aminotransferases are present in up to 80% of patients." Acute 
liver failure and EBV-associated hemophagocytic syndrome are 
rare complications. Serum IgM to the EB viral capsid antigen 
(VCA) and/or EBV DNA by polymerase chain reaction (PCR) 
are the diagnostic tests of choice. Hepatitis associated with infec- 
tious mononucleosis usually resolves spontaneously and fully over 
2 to 3 weeks. °? 


Hepatitis A Virus 

Hepatitis A virus (HAV) is an RNA virus which causes acute 
hepatitis and, rarely, acute liver failure in children and young 
adults. The infection is spread by the fecal-oral route. It has an 


incubation period of 15 to 40 days followed by an abrupt onset 
of symptoms, often gastrointestinal in nature. Anorexia is severe. 
Seldom, the infected child may suffer from arthritis, arthralgias, 
or skin rash. The illness usually lasts weeks and, in the rare cases 
of relapsing HAV, the symptoms can last months. However, the 
infection is always self-limited. Postinfectious immunity is life- 
long. Postexposure prophylaxis is with the active vaccine and 
passive (immune serum globulin) immunization. Children with 
HAV can be completely asymptomatic and thus serve as an infec- 
tious reservoir. HAV is a vaccine preventable disease and the 
American Academy of Pediatrics (AAP) recommends HAV vaccine 
at 12 to 23 months of age. There are two vaccines approved for 
use in children: Havrix (Glaxo Smith Kline) and Vaqta (Merck). 
Twinrix (Glaxo Smith Kline) vaccine is approved for age 18 years 
and older and protects recipients against both HAV and HBV. 
Other indications for HAV vaccine include catch-up immuniza- 
tion of unimmunized children 2 to 18 years of age, travelers to 
endemic areas, close contacts of newly arrived international adopt- 
ees, patients with chronic liver disease or clotting factor disorders, 
and users of injections and illicit drugs.” Preexposure prophy- 
laxis for travelers to endemic areas is via immune serum globulin 
for infants younger than 12 months of age and active vaccine for 
children older than 12 months of age, providing the immuniza- 
tion is given 1 month or more before travel. Household and other 
close contacts should receive immunoprophylaxis (active vaccine 
if within 8 days of exposure or passive immune serum globulin 
within 2 weeks of exposure). Fecal shedding usually decreases 
rapidly after the onset of jaundice and for this reason the child 
may return to school soon after becoming jaundiced, provided he 
or she feels well.*'”* There is no specific treatment. 


Hepatitis E Virus 


Hepatitis E virus (HEV) is an RNA virus which is emerging as a 
common cause of viral hepatitis worldwide, particularly among 
children and pregnant women. Over 25% of sporadic non-A, 
non-B, and non-C hepatitis cases around the world are caused by 
HEV. In France and the United States rare cases of HEV are 
emerging. In the past there was little evidence of HEV in North 


America.” However, it is now apparent that many populations 
of U.S. adults have had exposure to genotype 3 HEV with sero- 
prevalence rates approaching 20%.” With the availability of both 
commercial antibody testing and research-based PCR testing, 
more cases of HEV in children will be expected. As with HAV, 
HEV is considered to cause acute hepatitis only. However, one 
Canadian series reported that immunosuppressed pediatric liver 
transplant recipients may have chronic HEV infection.” In that 
scenario, reduction of immunosuppression and/or treatment with 
ribavirin may be effective in achieving viral clearance. 


Herpes Simplex 1 and 2 


HSVs 1 and 2 are common DNA viruses. They are notorious for 
causing PALF in neonates in whom the infection is frequently 
fatal.””*° Fig. 65-2 demonstrates the severe hemorrhagic necrosis 
characteristic of herpes virus hepatitis. All neonates presenting 
with PALF should be tested for HSV; treatment with acyclovir 
should be initiated, even before results of diagnostic studies are 
known, as treatment with this drug may avoid the need for liver 
transplantation and improve survival.” The drug should be con- 
tinued until HSV has been excluded as a diagnosis. 

It is not generally appreciated that HSV is also an important 
and treatable cause of PALF in older children and adolescents. ° 
The infection commonly occurs in immunocompromised patients 
such as organ transplant recipients; however, approximately one 
quarter of patients who develop HSV hepatitis are immunocom- 
petent.” In our recent analysis of viral testing in children with 
PALE, 63.8% of children greater than or equal to 7 months of age 
were never tested for HSV. However, 5.6% of those tested for 
HSV were positive whereas only 2.4% of similarly aged children 
tested for HAV were positive. This finding suggests that HSV may 
be at least as prevalent as HAV as a cause of acute liver failure 
(ALF) in older patients. Given that HSV is one of the few treat- 
able causes of PALF, it should be considered as an important cause 
of PALF in older children and adolescents, as well as in neonates. 


e Fig. 65-2 Severe hemorrhagic hepatitis from herpes virus. Note areas 
of necrosis and hemorrhage and severe lobular disarray. (From http:// 
commons.wikimedia.org/wiki/File%3ALiver_Herpesvirus_Hepatitis_ 
(4165779327).jpg. By Ed Uthman from Houston, TX, USA [Liver: Herpes- 
virus Hepatitis].) 
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HSV should also be considered as a potentially treatable cause of 
ALF in adults, and several authorities believe that acyclovir should 
be administered early in the course of ALF of unknown cause in 
subjects of any age.” 


Human Herpes Virus 6 

Human herpes virus 6 (HHV6) is a ubiquitous herpes virus and 
most children have been infected by age 2 years.” Commonly it 
is known to cause pityriasis rosea, a generally self-limited derma- 
tologic condition which is rare in children under 10 years of age.” 
Whether or not the virus plays a role in acute hepatitis and PALF 
in children with normal immune systems is controversial.” 
However, the situation in which it is thought to be pathogenic 
for the liver is when a drug reaction with eosinophilia and sys- 
temic symptoms (DRESS) occurs concurrently with reactivation 
of HHV6. In a potentially life-threatening syndrome, a drug, 
usually an anticonvulsant such as phenytoin, interacts with the 
virus and the immune system resulting in severe dermatitis and 
multisystem disease. The liver is the organ most frequently 
involved and liver transplantation may be necessary to avoid a 
fatal outcome.” Immunosuppressed children are also at risk for 
reactivation of HHV6 with resulting severe hepatitis.” 


Parvovirus B19 


Parvovirus B19 is the virus associated with erythema infectiosum 
(also called fifth disease). Typical clinical features are fever, a lacy 
maculopapular rash, and erythematous “slapped” cheeks. Occa- 
sionally, children will develop acute hepatitis and, rarely, PALF. It 
has been suggested that acute liver failure caused by parvovirus 
B19 has a better prognosis than that caused by other viral infec- 
tions but may sometimes be associated with the development of 
aplastic anemia. Diagnosis of acute infection is confirmed by 
parvovirus B19 IgM antibody or PCR.” The treatment is intra- 
venous immunoglobulin,” although, at least in chronic fatigue 
syndrome associated with parvovirus, results of this therapy may 
be paradoxical.” Fig. 65-3 demonstrates the histology of mild 


acute lobular hepatitis caused by parvovirus B19. The mechanism 


; Ee i @ <. 4 Whe EN E S| 4 
e Fig. 65-3 Mild acute hepatitis of parvovirus B19 infection. The lobular 
parenchyma shows mild disarray with hepatocyte apoptosis and evidence 
of regenerative activity. Portal areas (not shown) were unremarkable. 
(Adapted from Hatakka A, et al. Acute hepatitis as a manifestation of 
parvovirus B19 infection. J Clin Microbiol 201 1;49:3422-3424.) 
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by which parvovirus B19 causes hepatic injury is unknown but 
two theories have been proposed: direct invasion by the virus that 
can result in hepatocyte damage”; and indirect action triggered 
by an immune response against the virus.” Globoside, a neutral 
glycolipid, acts as the main cell receptor for the virus and can be 
found abundantly on erythrocyte membranes. This probably 
explains most of the underlying pathology linked to the manifes- 
tations of parvovirus B19 infection including transient aplastic 


crisis and hydrops fetalis. #0 


Miscellaneous: Hepatitis G Virus, HIV, 
Rubeola, TTG, Varicella 


The hepatitis G virus (HGV) identified in 1995 is an RNA virus 
of the Flaviviridae family and a distant relative of HCV.“ The 
viral transmission is mainly parenterally through blood, blood 
products, and intravenous drug use. Its prevalence in U.S. chil- 
dren was estimated to be 13.8% based on a small study of blood 
bank samples. The infection may be self-limited, resulting in the 
production of neutralizing antibody to the E2 envelope protein 
or may result in a carrier state. The virus has no replication in the 
liver and does not seem to affect the course severity of those 
patients coinfected with HCV, but may be protective in HIV 
infection.” 

Liver diseases are the most common cause of non-AIDS deaths 
in patients infected with HIV. This is for three reasons: the fre- 
quency of coinfection with hepatitis B or hepatitis C, the hepa- 
totoxicity of HIV medications, and the emergence of chronic 
infections with new infectious agents such as hepatitis E virus.“ 

TT virus (TTV) is a DNA virus which was discovered in 1997 
in the sera of three out of five patients with elevated serum alanine 
aminotransferase (ALT) levels and biopsy-proven hepatitis. In 
North America, the prevalence of TTV in volunteer blood donors 
was 10%, 13% in commercial blood donors, and 17% in intra- 
venous drug users.“ The role of TTV in the pathogenesis of acute 
and chronic liver disease is still unknown. 

Rubeola results in measles, practically unknown in the devel- 
oped world thanks to the success of childhood vaccination. 
However, given the current antivaccine climate it is important for 
physicians to recognize that rubeola can cause cholestatic hepatitis 
along with fever, rash, and systemic symptoms. In a case series of 
65 adults with measles, 80% had hepatitis and those with hepatic 
involvement tended to have secondary bacterial infections. There 
were no cases of chronic hepatitis.“ 

Varicella-zoster is the virus which causes chickenpox, shingles, 
and occasionally disseminated infection which involves hepatitis 
along with rash and multiorgan failure. Whereas this syndrome is 
most common in immunosuppressed children who are liver trans- 
plant recipients,“ there are rare reports of disseminated infection 
in immunocompetent adults.“ Treatment is with acyclovir. “® 


Chronic Hepatitis 


Hepatitis B Virus 

Epidemiology 

Hepatitis B virus (HBV) infection is a major global health issue. 
Approximately 240 million people are chronically infected with 
hepatitis B worldwide (defined as hepatitis B surface antigen posi- 
tive for at least 6 months)." It is a leading cause of morbidity and 
mortality from end-stage liver disease and hepatocellular carci- 
noma (HCC); 780,000 persons die each year from hepatitis B 
infection—650,000 from cirrhosis and liver cancer due to chronic 
hepatitis B infection, and another 130,000 from acute hepatitis 


B.’ Geographically, the prevalence of HBV infection varies 
remarkably in different areas of the world. Approximately 45% of 
the HBV infected population live in areas with a prevalence of 8% 
or higher, such as China, South-East Asia, most of Africa, most 
Pacific Islands, parts of the Middle East, and the Amazon Basin; 
43% live in areas with prevalence of 2% to 7%, such as South- 
Central and South-West Asia, Eastern and Southern Europe, 
Russia, as well as Central and South America; the remaining 12% 
live in areas with low prevalence of less than 2%, such as the United 
States, Western Europe, and Australia.” In the United States, the 
total number of people with chronic hepatitis B is thought to be 
almost 2 million with many infected adults having acquired their 
infection during infancy or childhood”'; however, estimates of the 
global prevalence of HBV infection in the pediatric population are 
lacking. Wasley et al. analyzed the data from the U.S. National 
Health and Nutrition Examination Surveys (NHANES) and 
reported in 2010 that the prevalence of HBV among children 6 
to 19 years of age decreased from 1.9% (NHANES 1988-1994) 
to 0.6% (NHANES 1999-2006) due to hepatitis B vaccination.” 
Currently, the majority of new cases of HBV in the pediatric 
population in the United States are homeless children, interna- 
tional adoptees, and children born outside the country." 

HBV is a DNA virus which can be transmitted through body 
fluids, including blood, semen, and vaginal secretions. Perspira- 
tion, breast milk, tears, saliva, and urine of infected individuals 
can carry a lower risk of transmission as well.” In areas with high 
endemicity, approximately 40% to 50% of the transmission can 
be attributed to vertical or perinatal transmission from mother to 
infant either in utero or around the time of delivery.'*”°”” Hori- 
zontal transmission also plays a role in endemic countries. 
However, in the United States and countries with low endemicity, 
horizontal transmission is the main mode for the pediatric popu- 
lation because neonatal hepatitis B immunoglobulin (HBlg) and 
vaccination to infants of HBsAg-positive mothers has markedly 
decreased vertical transmission. Children infected via vertical 
transmission are most likely asymptomatic throughout their 
childhood and often diagnosed through routine laboratory tests; 
however, in contrast to infection in adults, HBV infection during 
early childhood results in a much higher rate of persistent chronic 
infection (90% for newborns, approximately 50% for children vs. 
5-10% of subjects infected during adulthood).” Factors related 
to horizontal transmission include close contact with an HBV 
infected individual within either household or community, high 
risk sexual behavior, and/or intravenous drug use.'’ Blood transfu- 
sion was formerly a common vehicle for transmission but this is 
no longer the case due to dramatic improvement in screening of 
the blood supply and prohibition against paid donors. Long-term 
follow-up studies have reported that a history of vertical infection 
is associated with a significantly higher risk of developing hepa- 
tocellular carcinoma (HCC), whereas the overall prognosis for 
chronic hepatitis B in horizontally infected children is more 
favorable. *°° 

To date, eight genotypes of HBV, labeled A to H, have been 
identified based on sequence divergence, and the prevalence of 
each type varies greatly depending upon geographic locations.” 
Genotype A is observed more frequently in patients located in 
Northwestern Europe, North America, India, and sub-Saharan 
Africa than other genotypes, whereas genotype B and C are more 
prevalent in Asia.” HBV genotypes may have impact on the 
outcome of antiviral treatment. 

Hepatitis B vaccine, which is 95% effective in preventing 
chronic HBV infection in healthy individuals, has been available 
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e Fig. 65-4 Trends in the reported incidence of hepatitis B by age group in Canada. The x-axis rep- 
resents the time in years starting from 1990 to 2008. The y-axis represents the rate per 100,000 starting 
from 0 at the bottom to 20 at the top. (Data from http://www.phac-aspc.gc.ca/publicat/cig-gci/p04-hepb- 


eng. php#figure- 1.) 


for more than 20 years. In 1984, Taiwan launched the world’s first 
nationwide infant vaccination program. A series of subsequent 
prospective surveys revealed that the prevalence of HBsAg in 
children younger than 15 years of age was considerably lower than 
the rate observed in adolescents older than 15 years of age, who 
were born before the universal vaccination program (0.7% vs. 
7%). The overall result demonstrated the crucial role that a 
massive vaccination program had played in reducing the rate of 
chronic carriers and protecting children and adolescents from 
HBV infection.“ In 1992, the World Health Assembly passed 
a resolution to recommend global vaccination against hepatitis. 
By 2013, 183 countries had vaccination of infants against HBV 
as part of their vaccination schedule.” In the United States, the 
rate of new HBV infections has decreased by approximately 82% 
since 1991, due to the successful implementation of a compre- 
hensive strategy to eliminate HBV transmission with a focus on 
universal childhood vaccination.” Fig. 65-4 demonstrates the dra- 
matic decline in four age groups in Canada since the introduction 
of the vaccine in the 1990s. 


Natural History 


In the past 30 years, much progress has been achieved in defining 
the natural history of chronic HBV infection (Table 65-5). Most 
children who acquire HBV vertically start with the initial “immu- 
notolerant” phase, which is characterized by the presence of hepa- 
titis B e antigen (HBeAg), high levels of serum HBV DNA, and 
normal ALT values. The immunotolerant phase may persist for 
10 to 30 years in this group of patients, in contrast to HBV infec- 
tion in adults or children infected horizontally, with whom this 
phase is relatively shorter or absent. Many patients who began as 
immunotolerant enter into the immunoactive phase later in their 
life, with increased ALT levels and hepatic necroinflammation and 
some decrease in HBV DNA levels. As a result of the immunoac- 
tive phase, spontaneous seroconversion, manifested by HBeAg 
seroconversion to anti-HBe, may occur after a variable period of 
time. Spontaneous HBeAg seroconversion symbolizes the patient’s 
entry into the next phase of chronic HBV infection—“inactive 
HBsAg carrier.” During this phase, the viral DNA level is reduced 
to low or undetectable, ALT is normalized, and only a minimal 


Natural History of Chronic Hepatitis B Infection 


Immune Normal or Positive Negative Very high levels 
tolerance minimally (20 million-20 
elevated billion) 
HBeAg- Persistently Positive Negative High levels 
positive elevated (200,000-2 
chronic billion) 
hepatitis 
HBeAg- Elevated and Negative Positive Moderate 
negative often levels, often 
chronic fluctuating fluctuating 
hepatitis (2000-20 
million) 
Inactive Normal Negative Positive Low or no 
carrier detectable 
levels 
(< 2000) 


ALT, Alanine aminotransferase; HBeAg, hepatitis B e antigen; HBV, hepatitis B virus. 
Data from Fattovich G, et al. Natural history of chronic hepatitis B: special emphasis on 
disease progression and prognostic factors. J Hepatol 2008;48:335-352. 


level of necroinflammation is seen in the hepatic histology. Unfor- 
tunately, approximately 4% to 20% of inactive carriers may have 
one or more reversions back to the HBeAg positive state. Among 
those who remain anti-HBe positive, 10% to 30% may continue 
to have elevated levels of ALT and HBV DNA after HBeAg sero- 
conversion.” Therefore annual evaluation is necessary to confirm 
that patients maintain the status of inactive carrier. Eventually, 
some inactive carriers may develop virus reactivation, either spon- 
taneously or due to immunosuppressive treatment for other 
medical conditions, and subsequently proceed to “reactivation 
phase”. The reactivation phase, also termed HBeAg negative chronic 
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Child with chronic hepatitis B (1 yr of age; persistent HBsAg+ for > 6 months) 
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HBeAg negative HBeAg positive (>6 months) 
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resistance it treated 
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monitor regularly 


Continue to 
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e Fig. 65-5 Algorithm for selection of children for 
ase; HBeAg, hepatitis B e antigen; HBsAg+, hepati 
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Moderate/severe 
inflammation 
and/or fibrosis 


Minimal/mild 
inflammation 
and/or fibrosis 


ý ý 


Benefit of treatment 


not established 


——— Treatment 
Family history of indicated 
HCC may influence 


treatment decision 


HBV antiviral treatment. ALT, Alanine aminotransfer- 
is B surface antigen-positive; HBV, hepatitis B virus; 
HCC, hepatocellular carcinoma; ULN, upper limit of normal. (Data from Jonas 


, et al. Treatment of 


children with chronic hepatitis B virus infection in the United States: patient selection and therapeutic 


options. Hepatology 2010;52:2192-2205.) 


hepatitis B, is reflected by viral DNA level increase, negative 
HBeAg for most patients, and normal or elevated ALT levels. 
HBV reactivation is usually associated with mutational changes 
in the virus (core and core promoter regions); however, some 
patients may move directly into this phase without going through 
inactive HBsAg carrier phase. Compared with other phases, the 
viral variants in this phase are more virulent and hence accelerated 
liver damage is more likely over time. 


Treatment 


The goal of antiviral therapy for chronic hepatitis B is to achieve 
sustained suppression of viral replication, clearance of HBeAg and 
HBsAg, and eliminate the chance of reactivation. However, clear- 
ance of HBsAg is rare to observe in children and adolescents.” In 
general, an inactive carrier does not require intervention except 
routine monitoring every 6 to 12 months. Compared with the 
strategy applied to adults with high levels of HBV DNA, the 
treatment for pediatric patients demands more discretion (Fig. 
65-5). The efficacy of treatment for the children in the immuno- 
tolerant phase has not been well established. Furthermore, chil- 
dren in the immunotolerant phase develop minimal liver disease 
during childhood.” Therefore routine follow-up is generally rec- 
ommended for these pediatric patients. Children and adolescents 
with HBV DNA levels less than 20,000 IU/mL after 3 to 6 


months of elevated ALT greater than twice the upper limit of 
normal (ULN), who are either HBeAg positive or negative, should 
be considered for antiviral therapy.°° The median ULN for boys 
currently referenced by most hospitals in the United States is 
50 U/L (range, 37-70 U/L) and for girls 40 U/L (range, 
29-65 U/L). However, recent research studies suggested a much 
lower ALT reference range for the pediatric population after ana- 
lyzing the testing results of healthy children in North America 
with relevant factors considered, such as age, sex, and so on.°””” 
One of the studies reported using ALT greater than 25 U/L for 
boys and ALT greater than 22 U/L for girls as the threshold for 
abnormal ALT.” Before any treatment, a liver biopsy is recom- 
mended to confirm HBV is the only cause of the hepatitis and to 
determine the severity of inflammation and fibrosis.“ 

Currently, two major categories of antiviral agents recom- 
mended by the American Association for the Study of Liver Dis- 
eases (AASLD) Treatment Guidelines for Chronic Hepatitis B are 
interferon-& (IFN-a) and nucleotide analogs (NAs).’' IFN-o 
exerts antiviral, antiproliferative, and immune-modulatory activi- 
ties which ultimately stimulates the immune system to target 
viruses, whereas NAs inhibit HBV DNA polymerase which is 
necessary in the reverse transcription process of HBV replication, 
and consequently suppresses the synthesis of the plus and 
minus strand chains in the HBV life cycle.’””? The benefits and 


TABLE 
65-6 
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Comparison of Drugs Approved for the Treatment of Chronic Hepatitis B 


Alpha-interferon > 12 months e Finite treatment course e Frequent subcutaneous injection 
5-10 M units/m?, 3 times weekly e No drug resistance e Frequent adverse events 
for 6 months e Contraindicated in advanced cirrhosis 
e High costs 
Peginterferon 2-18 years (Phase III trial) e Finite treatment course e Subcutaneous injection 
180 ug/1.73 m? x BSA per week e Weekly dosage interval e Frequent adverse events 
for 6 months e No drug resistance e Contraindicated in advanced cirrhosis 
e High costs 
Lamivudine 2-17 years e Oral administration e Long duration of treatment 
3 mg/kg po once daily (max e Good tolerability e High incidence of antiviral resistance 
100 mg/day) for > 1 year e Low costs 
Adefovir > 12 years e Oral administration e Long duration of treatment 
10 mg po once daily e Low incidence of antiviral resistance e Weak antiviral effect 
e Renal toxicity 
Entecavir 2-17 years e Oral administration e Long duration of treatment 
Weight-based dosing up to 0.5 mg e Strongest HBV inhibitor e High costs 
po once daily for > 30 kg e Good tolerability 
e Low incidence of antiviral resistance 
po, Per os. 


Data from Buster EH, Janssen HL. Antiviral treatment for chronic hepatitis B virus infection-immune modulation or viral suppression? Neth J Med 2006;64:175-185, and Sokal EM, et al. Management 
of chronic hepatitis B in childhood: ESPGHAN clinical practice guidelines: consensus of an expert panel on behalf of the European Society of Pediatric Gastroenterology, Hepatology and Nutrition. 


J Hepatol 2013;59;814-829. 


shortcomings of major antiviral medications are summarized in 


Table 65-6. 


Interferon-@ Versus Pegylated Interferon-o 


IFN-g, also called traditional or standard IFN, was the first drug 
approved by the Food and Drug Administration (FDA) to treat 
hepatitis B infection in the pediatric population. It is administered 
via subcutaneous injection, three times per week. The efficacy of 
IFN-o was well defined by a large number of studies. A multina- 
tional randomized pediatric trial with 149 children found that 
hepatitis B e antigen and viral DNA became negative in 26% of 
treated children versus 11% of controls, and surface antigen 
became undetectable in 10% of treated patients versus 1% of 
controls.“ A meta-analysis of 31 randomized controlled trials 
found that, in comparison with placebo, no treatment, or standard 
care, IFN-& improved loss of HBeAg (OR, 2.36; 95% CI, 1.83- 
3.04), HBV DNA undetectability (OR, 2.04; 95% CI, 1.28- 
3.32), HBeAg seroconversion (OR, 1.82; 95% CI, 1.26-2.62), 
ALT normalization (OR, 1.24; 95% CI, 1.01-1.56), and loss of 
HBsAg (OR, 2.45; 95% CI, 1.22-4.91).” In addition, a review 
on currently available antiviral medications noted that HBV geno- 
type A was found to be a positive predictor to IFN response, 
although IFN was considered effective for all genotypes.”° 
Although the superiority efficacy of pegylated interferon-o 
(PEGIFN-@) over IFN-, indicated by HBeAg loss, HBV DNA 
suppression, and ALT normalization, in treating chronic hepatitis 
B has been established in adults,” this drug is currently still being 
investigated for the pediatric population. Compared with IFN-a, 
PEGIFN-o has a long half-life and gains its long-acting effect 
through the addition of polyethylene glycol high molecular 


proteins to interferon.” In addition, patient tolerance of weekly 
injections is better than tolerance of thrice-weekly injections. 

Compared with NAs, the agents of the IFN- family have the 
advantages of limited treatment duration (24-48 weeks), superior 
sustainable treatment effect, and no risk of drug resistance. On 
the other hand, IFN-induced side-effects, including flulike symp- 
toms, neutropenia, weight loss, and mood disorders, some of 
which may be serious, limit its use to the pediatric population. 
Additionally, IFN is not the safest treatment option for patients 
with advanced liver fibrosis and cirrhosis. 


Nucleotide Analog Family: Lamivudine, 
Adefovir Dipivoxil, and Entecavir 


Unlike the IFN family, the agents in the NA family are adminis- 
tered orally once per day and are very well tolerated with no or 
mild side-effects among pediatric patients. Drugs of the NA 
family can suppress HBV DNA rapidly and dramatically; however, 
elevation of HBV DNA levels and recurrence of HBV viremia are 
often observed once the drugs are discontinued. Therefore long- 
term administration is necessary to achieve a better outcome but 
concerns with drug resistance are also raised as the treatment 
duration is prolonged. Lamivudine was approved by the FDA 
for pediatric patients age 2 years and older, adefovir for children 
age 12 years and older, and entecavir for children age 2 years 
and older. 

The safety profile of lamivudine in children is excellent. Clini- 
cal trials in children demonstrated that HBeAg loss can be 
achieved in up to 32% of treated patients with 1 year administra- 
tion of lamivudine; however 19% of the children developed a 
drug-resistant viral variant at the end of treatment.” The 
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findings of high lamivudine resistance rates decreased enthusiasm 
for its use. In recent years, lamivudine has been replaced by adefo- 
vir, and subsequently by entecavir as the frontline NA drugs for 
children with chronic hepatitis B. 

Adefovir has a similar profile on safety and efficacy as lamivu- 
dine except that drug resistance rates are lower. In contrast to 
lamivudine, adefovir treatment is not effective in young children 
(2-12 years of age). A randomized, placebo-controlled clinical trial 
with 173 pediatric patients enrolled reported that at the end of 
the 48-week treatment, more patients in the treatment group aged 
12 to 18 years achieved the primary efficacy endpoint (HBV DNA 
< 1000 copies/mL and normal ALT) compared to patients in 
placebo group (23% vs. 0%; p = 0.007), but the differences in 
the younger group (2-12 years of age) were not statistically sig- 
nificant. More importantly, no patient developed an adefovir- 
associated mutation at week 48 of treatment.*’ Although adefovir 
induces very low drug resistance rates in the short term, the long- 
term probability of drug resistance increases markedly as the 
therapy continues as follows: 0%, 0.3%, 11%, 18%, 29% at 1 
year, 2 years, 3 years, 4 years, and 5 years, respectively.*! 

As the newest generation of NA agents, entecavir is the most 
effective in suppressing viral replication, up to 90% of HBV DNA 
negativity after 1 year of therapy,*”*? in addition to an outstanding 
safety profile. Entecavir has become a first line NA drug for chil- 
dren 2 years of age and older since 2014. Entecavir has extremely 
low drug resistance rates (only 1.2% after 5 years of therapy), 
which permits long-term treatment in pediatric patients for whom 
PEGIFN-© may not be the first choice of treatment." However, 
it does share the limitations of the NA family agents—a relatively 
lower rate of HBeAg and HBsAg clearance and lower capacity in 
sustaining HBV DNA suppression off treatment, in comparison 
with IFN agents. 


Prevention 


Despite the availability of multiple drugs for treatment of HBV, 
the outcome of hepatitis B therapy is far from optimal. Firstly, 
none of the agents are associated with high rates of sustained 
clearance of HBV DNA and loss of HBeAg/HBsAg; secondly, side 
effects of IFNs and viral resistance induced by NA agents (except 
entecavir) are significant concerns which restrict the clinical usage 
of these agents. Fortunately, substantial progress has been made 
worldwide in promoting HBV vaccination in the past 30 years 
which has dramatically reduced the prevalence of HBV infection 
in the pediatric population. HBV vaccine plays a crucial role in 
protecting people against new HBV infections with greater than 
90% protection of infants, children, and adolescents immunized 
before being exposed to the virus.” 

In 2005, the Advisory Committee on Immunization Practice 
(ACIP) of the U.S. Center for Disease Control (CDC) updated 
recommendations on the strategy to eliminate hepatitis B virus 
(HBV) transmission in the United States. These recommenda- 
tions were provided to improve prevention of perinatal and early 
childhood HBV transmission, including universal infant vaccina- 
tion beginning at birth, and to increase vaccine coverage among 
previously unvaccinated children and adolescents.” The primary 
vaccination schedule consists of three intramuscular doses of 
hepatitis B vaccines. The current standard practice for newborn 
infants is to administer the first dose soon after birth, within 12 
hours, and the second and third at 1 and 6 months. This vaccine 
series induces protective antibody levels in more than 95% of 
infants, children, and young adults. Protection lasts at least 20 
years and is probably lifelong.” 


HBlg provides temporary protection (i.e., 3-6 months) and is 
typically used jointly with hepatitis B vaccine for postexposure 
immunoprophylaxis to prevent HBV infection. For infants born 
to women who are positive for both HBsAg and HBeAg, HBlg 
administered within 12 to 24 hours of birth in addition to a full 
hepatitis B vaccine schedule can provide 85% to 95% of protec- 
tion against infection.” Although standard immunoprophylaxis 
has shown good protection rates for infants born to HBV infected 
mothers, a significant number of children (up to 10%) still 
become infected with HBV despite receiving prophylaxis. In 
recent years, there have been small studies conducted to investi- 
gate whether or not antiviral therapy, such as lamivudine, telbi- 
vudine, or tenofovir, administered to the mother in the third 
trimester of pregnancy, can reduce the rate of immunoprophylaxis 
failure. Overall the studies found positive outcomes.*’ New HBV 
treatment guidelines favor treating mothers with high-level 
viremia in the third trimester.” 


Hepatitis C Virus 

Epidemiology 

It has been estimated that there are roughly 11 million hepatitis 
C virus (HCV) antibody—positive children around the world, of 
whom approximately 5 million have HCV viremia and thus 
should be considered for treatment.***’ Children have a propen- 
sity to develop chronic infection, although perhaps less frequently 
than adults.” Chronic infection is usually asymptomatic in chil- 
dren, but can lead to significant morbidity and mortality, such as 
cirrhosis and HCC, later in life. There are isolated reports of HCC 
developing during childhood”’”” and several hundred children in 
the United States have undergone liver transplantation for chronic 
HCV liver disease. HCV in children has different modes of acqui- 
sition, complications, and natural history and this influences 
management and treatment decisions.’ 

According to the CDC, children aged 6 to 11 years have a 
seroprevalence of 0.2% and those aged 12 to 19 years have a 
seroprevalence rate of 0.4%.” Urban adolescents in Boston and 
Cambridge, Massachusetts have a prevalence of 0.1%.” In a large 
cohort of children under 12 years of age in Baltimore, Maryland, 
the seroprevalence rate” was equivalent to that of Boston. Preva- 
lence rates in Europe vary from 0.4% to 3.5% by country,” 
whereas countries of northern Africa demonstrate a higher preva- 
lence of 0.5% to 10%.” 

When HCV was initially discovered, the first pediatric cases 
to be described were infected via blood and blood products in 
contrast to the adult population where transmission via injection 
drug use was the most common mode. However, since 1992, 
vertical transmission has become the leading source of infection 
for children, because blood products were screened for HCV, 
virtually eliminating the latter as a mode of transmission.” The 
frequency of vertical transmission from mother to infant averages 
approximately 5% and is much less common than that for hepa- 
titis B.” Maternal HIV-HCYV coinfection increases the likeli- 
hood of HCV transmission to newborns if mothers have untreated 
HIV infection.” It is thought that these women have higher 
levels of HCV viremia, which contributes to transmission.'”” 
Higher risks of vertical transmission have also been reported with 
rupture of membranes for greater than 6 hours and internal fetal 
scalp monitoring.” Transmission between household contacts in 
developed countries is negligible in contrast to 6.5% in less devel- 
oped countries. Both sexual and nonsexual contacts, including 
IDUs, may be more likely to transmit HCV with age and duration 


of exposure although this mode of transmission is uncommon.” 


The American Academy of Pediatrics (AAP) Redbook of Infec- 
tious Disease has stated that children with HCV should be allowed 
to attend school or day care and should be allowed to participate 
in full-contact sports and other routine activities. 


Diagnosis 

The North American Society for Pediatric Gastroenterology, Hep- 
atology and Nutrition (NASPGHAN) recommends prompt 
testing for HCV based on the risk factors listed in Tables 65-7 
and 65-8. The most cost-effective way to screen for HCV is with 
anti-HCV antibody. If this is positive, HCV RNA by a PCR- 
based assay should be obtained to distinguish active infection 
from previous exposure to the virus or a false-positive antibody. 


WAE Persons for Whom Screening for HCV 
CEZA Infection Is Indicated 


Persons who have injected illicit drugs in 
the recent and remote past, including 
those who injected only once and do 
not consider themselves to be drug 
users 


Antibody 


Persons with conditions associated with 
a high prevalence of HCV infection 
including: 

e Persons with HIV infection 

e Persons who have ever been on 

hemodialysis 

e Persons with unexplained abnormal 

aminotransferase levels 


Antibody or RNA 


Earlier recipients of transfusions or organ 
transplants before July 1992 
including: 

e Persons who were notified that they 
had received blood from a donor who 
later tested positive for HCV infection 

e Persons who received a transfusion 
of blood or blood products 

e Persons who received an organ 
transplant 


Children born to HCV-infected mothers 


Antibody or RNA 


Antibody after 18 
months of age, RNA 
for younger ages 


Antibody or RNA 


Health care, emergency medical, and 
public safety workers after a needle 
stick injury or mucosal exposure to 
HCV-positive blood 


Present sexual partners of HCV-infected 
persons 


Antibody 


Children with chronically elevated 
transaminases 


Antibody 


Children from a region with high 
prevalence of HCV infection 


Antibody 


Data from Mack CL, et al. North American Society for Pediatric Gastroenterology, Hepatology, 
and Nutrition. NASPGHAN practice guidelines: diagnosis and management of hepatitis C 
infection in infants, children, and adolescents. J Pediatr Gastroenterol Nutr 2012;54: 
838-855. 
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The HCV antibody is usually positive in infants born to anti- 
HCV-positive mothers due to transplacental transfer of maternal 
antibody and usually does not indicate active HCV infection. 
Antibody positivity in such infants usually lasts from birth to 12 
to 15 months.'”’ For this reason the American Academy of Pedi- 
atrics recommends that infants born to HCV-infected mothers 
should generally not be tested until 18 months of age. If the anti- 
HCV antibody is negative, no further testing is indicated. If it is 
desirable to evaluate for vertical transmission early in infancy, 
HCV RNA by PCR can be tested in the third or fourth month 
of life.” However, the diagnosis of chronic HCV cannot be 
established with certainty at this young age because the infection 
may resolve spontaneously in the first 2 to 3 years.” Children 
and adolescents who are confirmed viremic via a quantitative PCR 
for HCV RNA should have determination of genotype which will 
guide the type and duration of treatment to be initiated. (Fig. 
65-6 shows a diagnostic algorithm suggested for HCV testing in 
pediatric patients.) 

Although extrahepatic manifestations, including cryoglobuli- 
nemia, vasculitis, and membranoproliferative glomerulonephri- 
tis'””'°* have been reported in adults, there are no reports of these 
issues in the pediatric age group. Children who acquire HCV via 
vertical transmission should be tested for HBV or HIV, although 
coinfection is increasingly rare in developed countries where HIV 
therapy is commonly done. Children with hepatitis C may have 
autoantibodies, most commonly liver-kidney microsomal anti- 
body type 1 (LKM1).'” A multicenter study indicated that 
LKM1-positive children with hepatitis C had more severe liver 
disease, higher fibrosis scores on liver biopsies, poorer response to 
interferon therapy and, in some cases, required corticosteroid 
therapy for presumed autoimmune hepatitis.” However, the 
PEDS-C group reported that whereas up to one quarter of 
children with HCV may exhibit an array of autoantibodies 
before, during and after therapy with PEGIFN- and ribavirin, 
neither the hepatic histology nor the response to therapy differed 
between children who were positive or negative for one or more 
autoantibodies.’ '' 


Natural History 


The incubation period of hepatitis C infection acquired acutely 
averages 6 to 7 weeks, with a range of 2 weeks to 6 months. As 
noted earlier, most children are asymptomatic. However, when 
symptomatic with acute infection, the presentation is usually 
mild, with fewer than 25% of patients developing jaundice. 
Rarely, children may have associated anorexia, malaise, or abdomi- 
nal pain. Occasionally, more severe acute hepatitis is seen.''* Chil- 
dren with chronic HCV usually have normal to mild elevation of 
aminotransferases. End-stage liver disease is extremely uncommon 
during the childhood years.''’ 

The first large study of children who acquired HCV via blood 
transfusions (400 children transfused during cardiac surgery 
before 1991) reported a 14.6% acquisition rate of hepatitis C as 
evidenced by a positive anti-HCV antibody. After a mean 
follow-up of 17 years approximately half of the antibody positive 
children were PCR positive!’ but were asymptomatic. A large 
cohort of HCV-infected cancer survivors who had been transfused 
before 1992 in the United States and had been diagnosed with 
malignancy almost 16 years earlier showed somewhat higher rates 
of PCR positivity and liver disease. The majority (76.9%) of 
antibody-positive patients were viremic, one third of whom had 
elevated serum aminotransferases and two thirds of whom had 
mild to moderate fibrosis, and 13% had cirrhosis.’ There were 
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TABLE 
65-8 


Anticipatory Guidance and Screening for Children With HCV 


Household Sharing food, drink, eating utensils, clothes, Sharing toothbrush, shaving equipment, Not recommended 
contacts towels, laundry, toilet seats nail clippers, tweezers, glucometers, 
or other personal item that may be 
contaminated with blood 
Nonhousehold Attending day care, school, camps, playgrounds, Not applicable Not recommended 
contacts play dates, community pools; participating in 


contact and noncontact sports 


Casual contacts Kissing, hugging, holding hands 


Not applicable 


Not recommended 


Sexual contacts | Monogamous sexual contact 


Unprotected sexual activity with 
multiple partners 


Not recommended: monogamous; 
Recommended: polygamous relations 


Other activities Not applicable 


Tattooing, body piercing 


Not applicable 


Data from Mack CL, et al. North American Society for Pediatric Gastroenterology, Hepatology, and Nutrition. NASPGHAN practice guidelines: diagnosis and management of hepatitis C infection in infants, 


children, and adolescents. J Pediatr Gastroenterol Nutr 2012;54:838-855. 


Anti-HCV 


Positive | | Negative 


Quantitative HCV RNA 


Negative 


Repeat in 6 months 


Negative Positive 


Negative 


Positive 


Hepatic panel + Genotype 


| 


Repeat hepatic panel + 
HCV RNA in 6 months 


Positive 


Repeat in 6 months-—>_ Consider for treatment 


Negative 


Positive 


e Fig. 65-6 Suggested diagnostic algorithm for HCV testing in pediatric patients. HCV, Hepatitis C 


virus. 


three HCV-related deaths in this cohort—one from liver failure 
and two from hepatocellular carcinoma after more than 2 decades 
of infection.''® Since the screening of blood products, perinatal 
transmission has been the focus of pediatric HCV natural history 
and prognosis studies and it is estimated that approximately 
50,000 infants acquire HCV globally via this route.” A European 
study in 2003 of 200 children followed for a mean of 6.2 years 
showed that less than 10% achieved spontaneous virologic clear- 
ance and normalization of serum aminotransferases.''* Liver biop- 
sies showed that the majority had mild hepatitis and low fibrosis 
scores, with more fibrosis in children over 15 years of age. Results 
from a cohort of 504 consecutive Italian children with chronic 
hepatitis C, followed from 1990 to 2005,''’ showed that only 8% 


of the untreated group had spontaneous viral clearance and 1.8% 
of those with persistent viremia eventually progressed to decom- 
pensated cirrhosis after a decade of disease. 

Liver biopsies in children with chronic hepatitis C have shown 
that sinusoidal lymphocytosis, steatosis, portal lymphoid aggre- 
gates, and bile duct epithelial damage in proportions similar to 
those reported for adults.'’”'*' A study from the United States 
demonstrated portal fibrosis in three quarters of 40 liver biop- 
sies’? with one third each showing mild, moderate, or severe 
fibrosis; 8% had cirrhosis. Among 121 children with chronic 
hepatitis C, predominantly genotype 1(82%) and vertically 
acquired (78%), similar findings were demonstrated.'*’ Obesity 
was associated with more severe fibrosis. A study of repeat liver 


biopsies in 44 U.S. children with untreated HCV, 57% acquired 
vertically and 39% by transfusion, demonstrated that the propor- 
tion with cirrhosis increased from 11% to 20% over 5 years.” 
Potential long-term sequelae of chronic HCV infection in 
children are cirrhosis and HCC. HCC secondary to hepatitis C 
is extremely rare during childhood, and there have been only a 
few case reports.” Liver transplantation for complications of 
chronic hepatitis C during childhood is uncommon. According 
to the Studies of Pediatric Liver Transplantation (SPLIT) registry 
that collects data from 37 North American pediatric centers, 
chronic hepatitis C with cirrhosis or subacute hepatitis C was the 
reason for transplant in 13 of 2219 children (0.6%) from 1995 
through 2006.' Thus despite some complications that arise in 
childhood, natural history studies indicate that HCV infection is 
generally associated with mild liver disease during the first 2 
decades in most cases, and health-related quality of life is generally 
good either before or after therapy with PEGIFN-a and 


. ee 2. 2 
ribavirin. 


Treatment 


In 2003 the FDA approved the combination of interferon and 
ribavirin for the treatment of chronic HCV in children aged 3 to 
17 years. In 2009 combination therapy with PEGIFN-2b and 
ribavirin was approved for the same age group.'’ The decision as 
to whether or not to start treatment in a child with HCV is likely 
to undergo great change in the next few years. The advent of 
highly effective and safe interferon-free direct-acting antiviral 
agents (DAAs) has radically improved the outlook for adults with 
chronic HCV and response rates are high, regardless of the pres- 
ence or absence of cirrhosis.'*°'”” No DAAs are approved for 
children but there are currently three pediatric DAA trials listed 
in https://clinicaltrials.gov with more expected soon. Thus many 
physicians may wish to either attempt to enroll children with 
HCV in these trials or wait until the drugs are approved for chil- 
dren. Given that the DAAs will not be available for the very young 
in the immediate future, it is a fairly common practice for physi- 
cians to utilize PEGIFN-o and ribavirin in children 3 to 5 years 
of age so that they may have the chance of entering kindergarten 
HCV-virus free as opposed to bearing the burden of the stigma 
of chronic HCV infection. 

Interferon monotherapy in children yielded sustained virologic 
response rates of approximately 35%—better in children than in 
adults.'** In a study conducted from 1998 to 2001, 118 children 
aged 3 to 17 years with chronic hepatitis C were given IFN-02b 
and ribavirin daily for 24 to 48 weeks.'” Overall, 46% had a 
sustained virologic response (HCV RNA < 100 copies/mL) 24 
weeks after completion of therapy. Children had similar but less 
severe side-effects of combination therapy compared to adults. 
This trial led to FDA approval of this combination but was soon 
superseded by PEGIFN-0:2a or PEGIFN-2b in combination 
with ribavirin. Several studies have evaluated combination therapy 
with PEGIFN-© and ribavirin for children with chronic hepatitis 
C. The PEDS-C trial of 114 children in 11 U.S. centers compared 
the efficacy and safety of PEGIFN-02a alone (180 ug/1.73m° per 
week) to PEGIFN- with ribavirin (15 mg/kg per day) as treat- 
ment for children ages 5 to 17 years.” The sustained viral response 
(SVR) was significantly higher in children receiving combination 
therapy (53% vs. 21%), with SVR in 47% of genotype 1, and 
80% of non—genotype 1 patients using combination therapy. In 
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an open-label study of 107 children using PEGIFN-02b (60 ug/ 
m° per week) and ribavirin (15 mg/kg per day),'*' 65% of treated 
children had an SVR: 53% with genotype 1, 93% with genotype 
2 or 3, and 80% with genotype 4. Those with elevated amino- 
transferases did not have increased SVR rates compared with those 
with normal values. Thus combination therapy for children using 
PEGIFN-o and ribavirin appears as safe as interferon/ribavirin 
therapy and is now the standard treatment for children aged 3 to 
17 years. It is encouraging to know that children who have 
achieved an SVR during therapy have high durability of viral 
clearance in 5-year follow-up studies.” Although PEGIFN-o 
therapy was associated with short-term negative effects on both 
weight and height z scores, the long-term follow-up studies have 
shown that these problems resolve with time. °> 


Prevention 

Precautions about HCV transmission by mother to children are 
outlined in the NASPGHAN HCV Guidelines” and by the 
CDC which states that HCV-infected mothers may continue to 
breastfeed, but should probably abstain if their nipples are cracked 
or bleeding.” Universal precautions are recommended for all 
children in school, sports, or day care situations, regardless of 
HCY status. Additional prevention strategies are outlined in 
Table 65-8. There are currently a number of efforts underway to 
develop an effective HCV vaccine but, as yet, none have suc- 
ceeded in obtaining FDA approval for use in humans. 

Hepatitis C infection continues to be a healthcare burden in 
children despite its changing epidemiology from transfusion 
acquired to vertical transmission. At this point, there are no 
proven methods to prevent perinatal transmission, so a search for 
such methods remains an important research priority. Additional 
priorities include the development of safe and effective HCV vac- 
cines and other strategies to diminish HCV transmission by IDU 
and sexual contacts. 


Conclusion 


There are many viruses which infect the liver during childhood. 
Some may cause self-limited acute asymptomatic infection (such 
as CMV and EBV) or symptomatic infection with jaundice and 
gastrointestinal symptoms (such as HAV and HEV). Others may 
progress rapidly to acute liver failure ending in fatality or requiring 
liver transplantation. HSV-1 and HSV-2 can result in acute liver 
failure at all ages and diagnostic tests and proactive treatment for 
these two viruses are indicated in a child with unexplained acute 
liver failure. HBV and HCV may cause either acute hepatitis 
(rare, especially for HCV) or, more frequently, chronic hepatitis 
needing treatment. There are FDA-approved treatments for chil- 
dren with either infection but better agents are clearly needed. 
The approved treatments for HBV may suppress the virus but 
seldom lead to sustained viral clearance after therapy. Results of 
clinical trials of DAAs in children with HCV are eagerly awaited; 
hopefully the FDA approval of agents found to be safe and effec- 
tive in children will provide the opportunity to cure the majority 
of children with this serious infection. Both continued advances 
in molecular virology and pharmacology and enlightened public 
health policies toward vaccine administration and delivery are 
needed to decrease global morbidity and mortality from viral 
infections of the liver in the pediatric population. 


L071: SES RONEN Inherited and Pediatric Liver Diseases 


SUMMARY 


Many viruses can infect the liver during childhood, and the clinical spectrum 
varies from asymptomatic to chronic disease with or without multisystem 
involvement to acute, life-threatening liver failure. Hepatitis B virus continues 
to be a global problem for children with high maternal-fetal transmission 
rates in endemic areas. 


Recent Progress 

HSV-1 and HSV-2 are two of the few treatable causes of acute liver failure in 
all ages; thus strong consideration should be given to obtaining diagnostic 
studies in a child with this condition and promptly administering acyclovir 
while awaiting the results. The hepatitis B immune globulin (HBIG) and 
hepatitis B active vaccine given at birth has dramatically decreased 
maternal-fetal transmission of virus in developed countries. Entecavir is now 
FDA-approved for children 2 years and older and is safe and well-tolerated, 
with very low drug resistance rates. HBsAg-positive mothers with high risk 
of maternal-fetal transmission can be treated with nucleoside analogs in the 
third trimester with resulting reduction in transmission rates. The advent of 
safe, effective, and direct-acting antiviral (DAA) agents for hepatitis C virus 
(HCV) in adults is predicted to bring new hope to the children of the world 
who have HCV. Pediatric trials are currently underway. 


References 


Key Knowledge Gaps 

Whereas up to one fifth of children with acute liver failure who are tested 
have evidence of acute viral infection, the precise pathophysiologic role 
played by some of the “associated viruses” identified (cytomegalovirus, 
Epstein-Barr virus, human herpes virus 6, hepatitis C virus) remains to be 
explored. Large-scale trials of NAs in the third trimester have provided data 
to support efficacy and safety in pregnant HBsAg-positive women and their 
newborns. However, what are lacking are data on the longer-term effects of 
NA exposure in utero. The safety and efficacy of direct acting antiviral (DAA) 
agents for the treatment of HCV in children needs to be investigated. 


Future Directions 

Children with acute nonacetaminophen liver failure should be tested for the 
Causative viruses (hepatitis A, hepatitis B, hepatitis E, parvovirus B 19, 
adenovirus, enterovirus, and herpes simplex 1 and 2), as well as associated 
viruses and the immunopathogenesis secondary to these infections should 
be explored. Elimination of HBsAg is the gold standard of HBV therapy; more 
effective agents are needed to achieve this goal. More research is needed to 
establish a safe and effective means of preventing maternal-fetal 
transmission of HCV. 


A list of references can be viewed at www.expertconsult.com. 
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for liver transplant recipients, 776 
used after liver transplant, 777¢ 
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Bacterial infections (Continued) 
HIV and, 548, 548f 
of liver, 579-592, 5926 
abscess and, pyogenic liver, 580-584 
biliary tract infections and, 587-588 
in cirrhosis, 580 
disseminated, 584-585 
fungal infections and, 590-591 
miscellaneous, 585 
peliosis hepatis and, 584 
risk factors for, 585-586, 586¢ 
surgical site infections and, 587 
transplant recipients, 585-589 
Bacteroides fragilis, 581 
Balloon catheter, 243 
Balloon tamponade, 254 
Balloon-occluded retrograde transvenous obliteration of 
varices (BRTO), 254 
Banti disease, 245-246 
Bantu siderosis, 959 
Barcelona criteria, 620 
Bariatric surgery, for nonalcoholic fatty liver disease, 408 
Bartonella henselae, peliosis hepatis and, 584 
Basiliximab, used after liver transplant, 777¢ 
Basolateral plasma membrane, 10 
BCAA. see Branched-chain aromatic amino acid (BCAA). 
B-cells, 67-6872, 69 
BCS. see Budd-Chiari syndrome. 
Behavioral therapies, alcoholic liver disease and, 361 
Belatacept, used after liver transplant, 777¢ 
Belzer’s solution, 94 
Benign hepatic lesions/tumors, 190-191, 191f 
Benign lesions, 142-147 
cystic, 147 
cystic bile duct hamartoma, 147 
hepatic abscess, 147 
miscellaneous, 147 
focal fat/fatty sparing, 147, 149f 
sarcoidosis, 147 
nodular, of liver, classification of, 721 
solid, 142-145 
focal nodular hyperplasia, 143 
hemangioma, 142 
iver cell adenoma, 143-145 
Benign liver tumors, 720-735 
adenoma, hepatocellular, 729-732 
hemangiomas, hepatic, 720-725 
hyperplasia 
focal nodular, 725-729 
nodular regenerative, 732-734 
Benign postoperative cholestasis, 895, 896¢ 
Benzimidazole antiparasitics, drug-induced liver injury 
and, 870 
Bernard syndrome, 987 
Beta interferons, drug-induced liver injury and, 887 
Beta-blockers, pregnancy and, 826 
Biguanides, drug-induced liver injury and, 867 
Bile, 634 
Bile acid conjugation, 24-25 
Bile acid homeostasis, in nonalcoholic fatty liver disease, 
52 
Bile acid signaling, as treatment for nonalcoholic 
steatohepatitis, 35-36, 36f 
Bile acid synthesis 
from cholesterol, pathways of, 20-26, 21f22f 
defects in 
bile acid-CoA conjugation, 33-34 
causing metabolic liver disease and syndromes of 
fat-soluble vitamin malabsorption, 26-34, 
26f27f 
peroxisomal disorders, 32-33 
side chain modification, involving reactions leading 
to, 31-32 
side chain oxidation, in 25-hydroxylation 
pathway, 32 
steroid nucleus, involving reactions to, 26-31 
disorders influencing, and metabolism, 34 
inborn errors of, 983-984 
biosynthesis and enterohepatic circulation of, 983 
clinical manifestations of, 982f, 983-984 
defects of, 9814, 983 
diagnosis of, 984 
treatment of, 984 
regulation of, 25-26 
Bile acids, 20-36, 101-102 
changes after bariatric surgery, 35 
enterocyte physiology, 34-35 
muscle and brown adipose tissue metabolism, 35 
pregnancy and, 820 
secondary, formation of, 25, 25f 
as signaling integrators of metabolism, 34-36 
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Bile canalicular excretion, 916 
Bile canalicular secretion, 911-913 
Bile canaliculi, 10 
Bile duct 
injury, 896¢ 
obstruction of, 895-896, 895f 
Bile duct adenoma, 191 
Bile duct hamartomas, 163-166, 165f 
Bile flow, 20-36 
Bile leak, 588 
Bile plugs, in intrahepatic cholestasis of pregnancy, 831f 
Bile salt export pump deficiency, 982f, 985 
Bile salts, 101-102 
Biliary anatomoses, in liver transplantation, 764-765, 764f 
Biliary atresia, 990-992 
clinical features of, 990 
clinical forms of, 990 
diagnosis of, 991 
epidemiology of, 990 
hepatic pathology of, 991, 991f 
liver transplant for, 745 
and outcomes of, 992 
medical management of, 992 
pathogenic mechanisms of, 990-991 
surgical management of, 991-992 
Biliary atresia-splenic malformation syndrome, 990 
Biliary complications 
in liver transplantation, 766-767, 767f 
in post-liver transplant, 778-779, 778f 
Biliary cystadenoma/carcinoma, 151, 166-167, 166f 
712-713 
imaging of, 151, 152f 
Biliary duct dilation in AIDS cholangiopathy, for HIV 
infection, 562 
Biliary epithelial cells. see Cholangiocytes. 
Biliary hamartomas, 163-165 
Biliary IPBN, 151-152 
imaging of, 152 
Biliary leaks, in liver transplantation, 766-767 
Biliary perforation, spontaneous, 989 
Biliary reconstruction, 587 
Biliary stents, for cholangiocarcinoma, 703-704 
Biliary strictures, 587-588 
in liver transplantation, 767 
Biliary system, portal tracts and, 5-7, 6£7f 
Biliary tract infections, 587-588 
Biliary tree, 7-8, 8f 
Bilirubin, 100-101, 100z, 898 
in bile, 914 
in cerebrospinal fluid, 914-915 
concentration of, alcoholic hepatitis and, 354 
conjugation of, 909, 909f 
conversion of, 913 
“early-labeled peak” of, 898-899 
elevation, 197 
elimination, alternative pathways of, 913 
enzyme-catalyzed glucuronidation, 909 
fate of, 912-913 
glucuronides, 912-913 
“late-labeled peak” of, 898-899 
load, increased, 915 
in plasma, 914 
pregnancy and, 819-820 
quantification of, 913-914 
removal of, 900-901 
renal handling of, 913 
in skin and sclera, 915 
storage of, 909 
in tissue fluids, 914 
toxicity, 902-905 
unconjugated, 913 
uptake, immaturity of hepatic, 915 
in urine, 914 
6-bilirubin, 913 
Bilirubin disorders, and metabolism, 898-925, 901f, 906f 
albumin, role of, 906-907 
bile canalicular secretion of, 911-913 
bilirubin toxicity in, 902-905 
chemistry of, 901-902 
conjugation of, 909 
disorders of, 915-925 
disposition of, 905-906 
enzyme-catalyzed glucuronidation of, 909 
formation of, 898-900 
hepatic bilirubin uptake in, 907-909 
jaundice as indicator of, 898 
measurement of bilirubin production, 900-901 
nature and significance of, 914-915 
photochemistry of, 902 
products of heme breakdown, 900 
storage of bilirubin, within the hepatocyte, 909 


Bilirubin disorders, and metabolism (Continued) 
UGTIA gene family, organization of, 910-911, 910f 
uridine diphosphoglucuronate glucuronosyltransferases, 

multiple forms of, 909-910 

Bilirubin encephalopathy, clinical features of, 904 

Bilirubin Ila, 902 

Bilirubin IXa, 902 
photoisomerization of, 903f 

Bilirubin metabolism, and disorders, 898-925, 901f, 906f 
albumin, role of, 906-907 
bile canalicular secretion of, 911-913 
bilirubin toxicity in, 902-905 
chemistry of, 901-902 
conjugation of, 909 
disorders of, 915-925 
disposition of, 905-906 
enzyme-catalyzed glucuronidation of, 909 
formation of, 898-900 
hepatic bilirubin uptake in, 907-909 
jaundice as indicator of, 898 
measurement of bilirubin production, 900-901 
nature and significance of, 914-915 
photochemistry of, 902 
products of heme breakdown, 900 
storage of bilirubin, within the hepatocyte, 909 
UGTIA gene family, organization of, 910-911 
uridine diphosphoglucuronate glucuronosyltransferases 

latency of, 909 
multiple forms of, 909-910 

Bilirubin nephrotoxicity, 905 

Bilirubin production, measurement of, 900-901 

Bilirubin XIIIa@, 902 

Bilirubin-binding sites, 907 

Biliverdin, 900 

Binding Ig protein (BIP), 381, 382f 

Binge ethanol feeding model 
acute, 342 
chronic-plus, 342, 342¢ 

Bioactivation, of xenobiotic agents, 848-849 

Biochemical basis, of bilirubin toxicity, 904-905 

Biochemical markers, noninvasive fibrosis assessment 

using, 539-542 
Biologic response modulators, drug-induced liver injury 
and, 887-888 

Biologic toxins, 307-308 

Biomarkers, intrinsic renal diseases and, 273-274 

BIP. see Binding Ig protein (BIP). 

Bismuth-Corlette classification, of perihilar 

cholangiocarcinoma, 698, 698f 

Black cohosh (Cimicifuga racemosa), liver injury and, 888 

Blastomycosis, antifungal agents for, in liver transplant 

recipients, 783¢ 

Bleeding 
as complications of acute liver failure, 317 
variceal, pregnancy and, 826 

Bleeding esophageal varices, 233-261, 261% 
acute, control of, 257-259 
classification of disease causing, 244-245 
clinical features of, 238-244 
definition of, 234 
ectopic varices and, 250, 261, 261f 
gastric vascular ectasia (GVE) and, 260-261 
pathogenesis of, 234-238 
patient with, approach to, 255-260 
portal circulation and, physiologic principles of, 

233-234 
portal hypertensive gastropathy (PHG) and, 260-261 
portal venous system and, 233 
preprimary prophylaxis of, 255-257 
recurrent, secondary prophylaxis of, 259 
related bleeding, 248-251 
diagnosis of, 250-251 
patient with, approach to, 255-260 
patients, to screen for esophageal varices, 248 
risk factors and natural history of, 248-249 
treatment options for, 250-251 
secondary to increased portal venous blood flow, 
244-245 
secondary to increased resistance to portal blood flow, 
245-248 
treatment options for, 251-255 

B-blockers, drug-induced liver injury and, 878 

Blood, infected, in HCV, 429-430 

Blood flow, portal, resistance to, 245-248 

Blood supply, hepatitis E and, 533 

Bloodborne route, 590-591, 590¢ 
Malassezia furfur, 591 

Blood-brain barrier, 904 

BMI. see Body mass index (BMI). 

BMP. see Bone morphogenetic protein (BMP). 

BMP coreceptor HJV, 943-945 


BMP-SMAD pathway, 945-946 
Boceprevir, 450, 452 
Body mass index (BMI), 119 
Bodybuilding/performance-enhancing agents, liver injury 
and, 888-889 
Bone disease 
in patients with PBC, 616 
treatment of, 623 
Bone morphogenetic protein and activin membrane-bound 
inhibitor (BAMBI), 46-47 
Bone morphogenetic protein (BMP), 943 
Bosentan, 291 
drug-induced liver injury and, 878 
Botanicals, drug-induced liver injury and, 888-889 
Brachytherapy, for cholangiocarcinoma, 705 
Brain death, cardiac death versus, in deceased donors, for 
liver transplantation, 758 
Branched-chain amino acid-enriched formulations, for 
hepatic encephalopathy, 216 
Branched-chain aromatic amino acid (BCAA), 839 
for sarcopenia in cirrhosis, 841 
Breast cancer, hepatic metastasis from, 173f, 719 
Bridging, the patient in hepatocyte transplantation, 84-85 
Bromodeoxyuridine, 963 
BRTO. see Balloon-occluded retrograde transvenous 
obliteration of varices (BRTO). 
Brucella abortus, 584-585 
Brucella canis, 584-585 
Brucella melitensis, 584-585 
Brucella suis, 584-585 
Brucellosis, 584-585 
Budd-Chiari syndrome, 238, 649, 6576 
angioplasty and stenting in, 652 
anticoagulation for, 652 
clinical manifestations of, 650 
diagnosis of, 650-651, 651f 
etiology of, 649-650, 650¢ 
liver transplantation for, 653 
management of, 652 
portosystemic shunting for, 652-653, 653f 
pregnancy and, 825-826 
thrombolysis and, 652 
Budesonide 
for AIH, 604 
for PBC, 621 
Byler disease, 984 
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C. elegans, 968-969 
C1 inhibitor, 963 
C282Y polymorphism, 957 
Ca™ channel blockers, drug-induced liver injury and, 878 
Cachexia, 837 
in liver transplant, 749 
CAGE questionnaire, alcoholic liver disease and, 351, 352¢ 
Calcineurin inhibitors 
for HCV, 801 
for liver transplant recipients, 776 
Calcitonin gene-related peptide (CGRP), 18 
Canal of Hering, 7 
Canalicular multispecific organic anion transporter, 100 
Cancer, liver, alcoholic, 341 
Candida, antifungal agents for, in liver transplant 
recipients, 783¢ 
Candida parapsilosis, 590-591 
Capecitabine, drug-induced liver injury and, 885 
Capillaria hepatica, 577 
Capillarization, 236 
Capsule endoscopy, 241 
Caput medusae, 238 
Carbamazepine (CBZ), 968 
drug-induced liver injury and, 862-863 
Carbon monoxide (CO), 900 
alterations, 282 
Carbon tetrachloride (CCl,), hepatotoxicity and, 851, 851f 
Carcinoma 
cholangiocarcinoma, 693-707, 7076 
clinical presentation and diagnosis of, 698-702 
epidemiology of, 693-694 
management of, 701f 
molecular pathogenesis of, 695-698, 695z, 696f 
pathology and classification of, 694f, 698, 698f 
risk factors of, 694, 694t 
staging of, 700-702, 702¢ 
therapy for, 702-707 
hepatocellular, 668-692 
epidemiology of, 668-669, 669f670f 
histologic variants of, 680-681 
liver transplant for, 745-746, 746f, 746t 
pathogenesis of, 673-675, 674f 
pathology of, 679-680, 680f 
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pregnancy and, 829 
prevention of, 673 
radiology and, 681-682, 681f682f, 6831-684¢ 
risk factors of, 669-673 
staging of, 678-679, 6781, 679f 
surveillance and, 675, 675t-676t 
treatment of, 682-692, 685f 
Cardiac disease, portal hypertension and, 248 
Cardiac insufficiency, cirrhosis and, 271 
Cardiomyocyte membrane alterations, 282 
Cardiomyopathy 
cirrhotic, 281 
clinical features of, 282-283 
definition and diagnosis of, 281-282 
epidemiology of, 282 
natural history of, 282 
in hemochromatosis, 951 
Cardiovascular agents, 876-880, 877¢ 
Cardiovascular derangements, as complications of acute 
liver failure, 317 
Cardiovascular disease 
in liver transplant, 747-748 
in post-liver transplant, 780 
Cardiovascular dysfunction, 329 
Carmustine (nitrosoureas), drug-induced liver injury and, 
886-887 
Caroli disease, 247, 247f 989 
characteristics of, 1011 
clinical features of, 1011 
clinical manifestations and treatment of, 1011-1012 
diagnosis of, 1011, 1012f 
genes and proteins of, 999 
histopathology of, 1004-1005, 1005f 
treatment of, 1011-1012 
Caroli syndrome, 989 
clinical manifestations and treatment of, 1011-1012 
Carvedilol, 252 
Caspofungin, drug-induced liver injury and, 869 
Castle, William, 917-918 
Castleman disease, 560 
Catheter, in wedged position, 243, 243f 
Catheterization, of the hepatic vein, 243 
Cat-scratch disease (CSD), 584 
Caval interposition technique, 764-765 
Cavernous hemangiomas, 720 
CC chemokine receptor (CCR), 80 
CCA. see Cholangiocarcinoma. 
CCR. see CC chemokine receptor (CCR). 
CD*T helper type 2 (Ty;2) cytokine response, 568, 569f 
CD8 T cells, and hepatitis B infection, 471-472 
CD14 gene, in NAFLD, 397¢ 
C/EBO homologous protein (CHOP), 381 
Ceftriaxone, for spontaneous bacterial peritonitis, 225 
Cell death, 387, 388f 
Cells 
adult hepatic progenitor, 93 
directly reprogrammed hepatocyte-like, 93 
embryonic stem, 92 
induced pluripotent stem, 92-93 
organoid culture of hepatocyte, 93-94 
transplantation 
engraftment of, 95-97 
function after, 94-95 
methods storage of, 94 
tracking donor cells, 94-95 
Cellular immunity, in acute hepatitis C virus, 420, 421f 
Celtic mutation, 949-950 
CE-marked Abbott HCV core antigen assay, 442 
Centers for Disease Control and Prevention, hepatitis A 
vaccine, 519 
Central vein, 5, 9 
Centrilobular region, 9 
Cephalosporins, drug-induced liver injury and, 873 
Ceramides, promoting lipotoxicity, 380, 380¢ 
Cercariae, 569 
Cerebral bilirubin clearance, 904 
Cerebral edema, 313-314, 314f 
as complications of acute liver failure, 319-321 
management of, in acute liver failure, 320¢ 
Cerebrotendinous xanthomatosis (CTX), 23, 31-32, 31f 
Ceruloplasmin, 928, 932 
Ceruloplasmin gene (CP), 957 
CGRP. see Calcitonin gene-related peptide (CGRP). 
Chaparral (Larrea tridentata), liver injury and, 889 
Chemical detoxification, glutathione in, 849-850 
Chemistry, of bilirubin, 901-902 
Chemokines, 71 
alcoholic liver disease and, 339 
in immune cells of liver, 425-426 
in liver inflammation and fibrosis, 82 


hemotherapy, sinusoidal obstruction syndrome and, 653¢ 

hest roentgenography, for echinococcosis infections, 573 

hild classification, 892-893 

hildhood, metabolic liver diseases and, 973-974, 974t 

hildren 

autoimmune hepatitis (AIH) in, 606 

viral hepatitis in, 1015-1028, 1028 

Child-Turcotte-Pugh (CTP) score, 542 

alcoholic hepatitis and, 354 

development of, 756 

Chimpanzees, HCV in, 424 

hlamydia pneumoniae, 613 

holangiocarcinoma (CCa), 171-173, 172f 191-192, 
693-707, 7076 

clinical presentation and diagnosis of, 698-702 
intrahepatic, 700 
perihilar and distal, 698-700, 699F700f 

epidemiology of, 693-694 

liver transplant for, 740¢ 

management of, 701f 

molecular pathogenesis of, 695-698, 695z, 696f 

pathology and classification of, 694f, 698, 698f 

primary sclerosing cholangitis and, 644-645 

risk factors of, 694, 694t 

staging of, 700-702, 702¢ 

therapy for, 702-707 
liver transplantation, 706-707, 7066, 706f 
palliative therapeutic approaches, 703-706 
surgical, 703 

Cholangiocytes, 3z, 8-9, 612 

Cholangiography, 636 

Cholangiopathy, AIDS, 554-555 
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holangitis, sclerosing, 987 
holangitis lenta, 187 
5B-cholanoic acid nucleus, 21f 
Cholecystectomy 
in liver transplantation, 765 
pregnancy and, 827 
holecystitis, acute, 895 
holedochal cyst, 988-989 
characteristics of, 1012, 1012f 
clinical features of, 1012-1013 
clinical manifestations and treatment of, 1012-1013 
diagnosis of, 1013, 1013f 
histopathology of, 1005-1006, 1006f 
treatment of, 1013 
Choledochoceles, 988 
Choledochojejunostomy (CJ) technique, 587 
in liver transplantation, 765 
Choledocholedochostomy (CC) technique, 587 
Choledocholithiasis, pregnancy and, 827 
Cholelithiasis, 989 
Cholestasis, 976 
acute, 187, 187f 
associated with 
endocrine disorders, 979 
genetic mutations, 979-987, 980f 
infection, 976-979, 977t 
inspissated bile, 989 
benign postoperative, 895, 896¢ 
chronic, 187, 188f 188¢ 
intrahepatic, of pregnancy, 830-831 
in less characterized disorders, 987-988 
physiologic, 983 
treatment of children with, 992-994, 993+ 
holestatic diseases, noninvasive tests considerations for, 
125-126 
holestatic hepatitis, 109 
estatic injury, 106-109, 109f 
holestatic lesions, 187-189 
holestatic liver diseases (Overlap syndrome) 
autoimmune hepatitis (AIH) and, 607-608 
liver transplant for, 745 
primary biliary cholangitis, AIH in, 608 
primary sclerosing cholangitis, AIH and, 608 
Cholestatic syndromes, pediatric, 976-994, 994b 
extrahepatic, 988-992 
ntrahepatic, 976-988, 981+ 
holesterol 
bile acid synthesis from, pathways of, 20-26, 21f22f 
promoting lipotoxicity, 3802, 381 
holesterol 70-hydroxylase deficiency, 27 
holesterol-lowering agents, 878-880 
holestyramine, for pruritus, 622 
holine deficiency, 373 
holine metabolism, in nonalcoholic fatty liver disease, 52 
holine-deficiency diet, study in NAFLD, 48-49 
HOP. see C/EBO homologous protein (CHOP). 
hristoffersen-Poulsen lesion, 177 
hronic ductopenic rejection, in liver transplant recipients, 
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Chronic hepatitis, 1020-1023 
imaging assessment of, 136-140, 141f 
morphologic lesions of, 184, 184£185f 
Chronic hepatitis C virus infection, 422-424 
cellular response to, 422, 423f 
cryoglobulinemia in, 435 
cytotoxic T cells in, 423-424 
diabetes associated with, 435 
extrahepatic manifestations associated with, 435, 435¢ 
features associated with, 434, 434t 
immunological basis for viral persistence in, 422 
immunoregulation in, 422-423, 423f 
insulin resistance associated with, 435 
liver fibrosis in, severity of, 434 
natural history of, 433-436, 434f 
sustained virologic response (SVR) in, 436 
hronic hepatosplenic candidiasis, 591 
hronic infection, of hepatitis E, 528-529 
differential diagnosis, 531 
in hematologic disease, 532-533 
in HIV, 532 
in solid organ transplant patients, 531-533 
hronic kidney disease, in cirrhosis, 263f, 280 
hronic liver disease 
continuum of hepatic lesions in, 147-155, 149£150f 
imaging of, 147-150 
signs/stigmata of, 111, 114-115 
hronic liver failure, prognostic scoring systems in, 741¢ 
hronic liver injury, liver transplantation for, 754¢ 
hronic portal vein thrombosis 
anticoagulation and, 662-663, 662f 
clinical and laboratory features of, 660 
imaging features of, 661, 661f662f 
Chronic renal failure, 262 
Chronic viral hepatitis, 133-134 
Cidofovir 
for adenoviral hepatitis, 561-562 
for HHV infection, 560 
Ciliopathies, 997 
Circulating factors, 943 
Circulating immune cell function, 326-327 
Circulation 
hyperdynamic, 281 
portal, physiologic principles of, 233-234 
Circulatory dysfunction, prophylaxis against, 279 
Cirrhosis, 195, 935-936 
acid-base disorders, 199 
AIH and, 601 
albumin in, 195 
alcoholic, 340-341, 348 
complications of, management of, 359, 360¢ 
liver transplant for, 365-368, 744 
management approach for, 367f 
treatment of, 364-368 
altered mental status in, differential diagnosis, 213¢ 
bacterial infection in, 580 
cardiovascular complications of, 281-292, 2926 
cirrhotic cardiomyopathy, 283 
hyperdynamic circulation, 281 
in clinical studies of hepatocyte transplantation, 87 
decompensated 
HCV treatment in, 461 
and hepatitis B, 483, 483¢ 
electrolyte disorders, 199 
hepatocellular carcinoma and, 671, 745 
hydrogen ion concentration in, 199 
hyponatremia in, 199 
imaging assessment of, 136-140, 141f 
intestinal dysbiosis and, 
and bile acid, 59-60 
in clinical practice, 57-59 
experimental, 56-57 
and hospitalization, 60 
metabolic corollaries of, 59-60 
liver, and hepatitis B, 483, 483¢ 
meningitis in, 196 
in nonalcoholic fatty liver disease, 394-395 
portal vein thrombosis and, 664-665 
pregnancy and, 826 
preoperative hepatic dysfunctions and, 892 
progression of hepatitis B to, 486 
renal failure in, 262-280 
acute kidney injury (AKI) and, 262-280. see also 
Acute kidney injury (AKI). 
hepatorenal syndrome (HRS) and, 262-280. see also 
Hepatorenal syndrome (HRS). 
respiratory failure in, 195 
sarcopenia in, 837-838, 843% 
ammonia and, lowering of, 842 
anabolic hormones and, 842 
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Cirrhosis (Continued) 
contributors to, 839, 839¢ 
diagnosis of, 838, 8387 
exercise and, 841-842 
mechanisms of, 839-840, 840f 
molecular targeted therapies for, 842, 843f 
nutritional supplementation for, 841 
physical activity and, 841-842 
post-liver transplant and, 842 
therapeutic options for, 840-842 
Cirrhosis dysbiosis ratio (CDR), 59 
Cirrhosis patients 
bleeding in, 295-297 
epidemiology of, 295 
therapy of, 295-297, 296t 
thrombosis in, 297-298 
epidemiology of, 297 
therapy of, 297-298 
Cirrhotic cardiomyopathy 
management of, 283 
pathogenesis of, 282, 283f 
Citrobacter freundii, 580 
Clarithromycin, drug-induced liver injury and, 874-875 
Classic (endemic) hepatitis E, 524 
CLEC4G, 15 
CLIF-SOFA scale, 330 
Clinical consequences 
acute liver failure (ALF), 301-323, 3236 
cirrhosis, cardiovascular complications of, 281-292, 
292b 
Clinical features 
of Ot-antitrypsin deficiency, 964-966 
of bleeding esophageal varices, 238-244 
of hepatitis D, 507 
of portal hypertension, 238-244 
of primary sclerosing cholangitis, 634-638 
Clinical spectrum, of hemochromatosis, 951-959 
Clinoril (sulindac), drug-induced liver injury and, 
881-882 
Clonazepam, drug-induced liver injury and, 864 
Clonorchiasis, 576-577 
Clonorchis sinensis, 576 
Clostridium difficile, 580 
infection, mechanism of treatment, 64, 64f 
CMV. see Cytomegalovirus (CMY). 
Coagulation cascade, 294f 
Coagulation dysfunction, 329-330 
Coccidioides immitis, 590 
Coccidioides posadasii, 590 
Coccidiomycosis, antifungal agents for, in liver transplant 
recipients, 783¢ 
Cochlear nucleus, 904 
Coffee 
caffeinated, 407 
hepatocellular carcinoma and, 673 
Colchicine, for alcoholic cirrhosis, 365 
Colonization resistance, 59 
Colorectal cancer 
hepatic metastasis from, 716-718 
primary sclerosing cholangitis and, 644-645 
Combination hepatitis A-V- hepatitis B vaccine, 519 
Combined æ- and B-adrenergic blockers, 252 
Comfrey (Symphytum officinale), liver injury and, 889 
COMMD1, 929 
Compartmentalization, 41f 
Compensated cirrhosis, 325 
Complications 
cirrhosis, 281-292, 2926 
hyperdynamic circulation, 281 
of diuretics, for ascites, 228 
of large-volume paracentesis, 229 
of transjugular intrahepatic portosystemic shunt, 230 
Comprehensive liver transplant evaluation algorithm, 739f 
Computed tomography (CT), 157 
for altered mental status, 196 
of esophageal varices, 241, 241f 
for focal hepatic lesions, 140-142 
in focal nodular hyperplasia, 727 
in hepatic hemangiomas, 722 
in hepatocellular adenoma, 731, 732f 
for liver fibrosis, 121 
in nodular regenerative hyperplasia, 733, 734f 
Computerized tests, for covert hepatic encephalopathy, 
210, 211¢ 
Conditions/disorders and function (liver), clinical 
consequences 
acute liver failure (ALF), 301-323, 3236 
cirrhosis, cardiovascular complications of, 281-292, 
2926 
Conjugated bilirubin, serum, elevation, 197 


Conjugation, bilirubin, 915-916, 924¢ 


Connective tissue growth factor (CTGF), 389z, 961 
Consequences, clinical, acute liver failure (ALF), 301-323, 
323b 
cardiovascular consequences of, 310 
causes of, 301-308, 302+303¢ 
classification of, 302t 
clinical outcome of, 302f 
epidemiology of, 301-308 
gastrointestinal consequences, 312 
hepatic encephalopathy, 313, 313f 313¢ 
host immune defenses, breakdown of, 311 
intracranial hypertension and cerebral edema, 313-314, 
314f 
management of, 314-323 
pathogenesis of syndrome of, 308-310 
prognosis assessments for, 322-323, 322t, 323f 
pulmonary consequences of, 310 
renal and electrolyte disturbances, 311 
Constitutive androstane receptor (CAR), 911 
Consultation, pregnancy and, 836 
Consumption, alcohol 
alcoholic cirrhosis and, 365 
alcoholic liver disease and, 345-347 
screening for, 351-352 
strategies and policies to reduce, 352¢ 
Consumption, tea, 957 
Contrast-enhanced ultrasonography 
in focal nodular hyperplasia, 726-727 
in hepatic hemangiomas, 721-722, 722f 
in hepatocellular adenoma, 731 
Copper, 926 
metabolism, in Wilson disease, 814 
pathway, 926-927, 927f 
Copper transporter 1 (CTR1), 926-927 
Core protein, 413 
Coronary artery disease (CAD), in liver transplant, 
747 
Corticosteroid-resistant rejection, acute allograft rejection 
and, 775 
Corticosteroids 
for alcoholic hepatitis, 355-358 
contraindications for, 357 
current status of, 356 
efficacy of, 355-356 
infections and, 357-358 
mechanism of action of, 356-357, 356f 
use of, 357 
for HCV, 801 
for liver transplant recipients, 776 
Covalently closed circular DNA (cccDNA) formation, in 
hepatitis B, 467 
Covert hepatic encephalopathy, 206 
diagnosis of, 208 
management of, 214-215 
neuropsychological examination, 208-210 
limitations, 210 
psychometric testing, 208-210 
limitations, 210 
logistic issues, 211¢ 
testing modalities, 207¢ 
Coxiella burnetii, 584-585 
Creatine, 262 
Creatinine, 262 
clearance, 262 
concentration of, alcoholic hepatitis and, 354 
CREBH, 943 
Crigler-Najjar syndrome, 101 
Crigler-Najjar syndrome type 1, 904, 916-919 
animal models of, 917-918 
hepatocyte transplantation for, 90-91 
engraftment of cells, 95-96 
treatment of, 918-919 
Crigler-Najjar syndrome type 2, 916, 919-920 
clinical features, 919 
laboratory tests, 919 
molecular mechanisms, and inheritance, 919-920 
Crohn disease, 900 
Cruveilhier-Baumgarten murmur (audible venous hum), 
238 
Cryoglobulinemia, HCV-related, 435 
Cryoprecipitate, for bleeding, 296¢ 
Cryptococcus, antifungal agents for, in liver transplant 
recipients, 783¢ 
Cryptogenic cirrhosis, 597 
Cryptosporidium, in bile duct, 547-548, 548f 
Cryptosporidium parvum, 558 
CSD. see Cat-scratch disease (CSD). 
CT. see Computed tomography (CT). 
CTGE see Connective tissue growth factor (CTGF). 
CTP. see Child-Turcotte-Pugh (CTP). 
CTX. see Cerebrotendinous xanthomatosis (CTX). 


Cu superoxide dismutase, 926 
CX3C chemokine receptor (CX3CR), 80 
Cyanoacrylate glue injection, 253 
Cyclophosphamide, drug-induced liver injury and, 886 
Cyclosporin A, drug-induced liver injury and, 887 
Cyclosporine, used after liver transplant, 777¢ 
CYP2E1*5 allele, alcoholic liver disease and, 347 
Cystadenocarcinoma, biliary, 712-713 
Cystadenoma, biliary, 166-167, 166f 
Cysteine cluster (MXXM), 928 
Cystic bile duct hamartoma, 147 
imaging of, 147, 148f 
Cystic fibrosis, 982-983 
clinical manifestations and hepatic pathology of, 
982-983, 982f 
diagnosis of, 983 
liver transplant for, 740¢ 
portal hypertension and, 248 
treatment of, 983 
Cystic fibrosis transmembrane conductance regulator 
(CFTR) gene, 982 
Cystic fibrosis-associated liver disease, 129 
Cystogenesis 
hepatic, cytokines and growth factors in, 1002-1003, 
1003f 
primary cilia contribute to, 997, 998f 
Cysts, hepatic, 163 
Cytochrome C oxidase, 926 
Cytochrome P-450, induction of, 918 
Cytokines, 71 
alcoholic liver disease and, 339, 347 
antiviral effect of, on hepatitis B replication, 470 
Cytomatrix, 13 
Cytomegalovirus (CMV), 180, 557-558, 5572, 558f 
cholestasis and, 977t, 978 
hepatitis and, 1017-1018, 1018¢ 
HIV and, 547, 547f 
prophylactic strategies for, in liver transplant recipients, 
782t 
Cytoprotective agents, for nonalcoholic fatty liver disease, 
409 
Cytosine arabinoside, drug-induced liver injury and, 885 
Cytoskeleton, 13 
Cytotoxic lymphocyte antigen-4 (CTLA-4), 595 
Cytotoxic T cells, 67+68¢ 
in chronic hepatitis C virus, 423-424 


D 
DAA compounds, 446-447 
selection of, for patients with decompensated cirrhosis, 
461 
Dacarbazine, drug-induced liver injury and, 886-887 
Daclatasvir, 450 
sofosbuvir and, 458 
Dactinomycin (actinomycin D), drug-induced liver injury 
and, 886 
Damage-associated molecular patterns (DAMP), 78, 
271-272, 326 
DAMP. see Damage-associated molecular patterns 
(DAMP). 
Dane particles, 465-466, 466f 
Dapsone 
drug-induced liver injury and, 871 
for Pneumocystis (jiroveci) pneumonia (PCP), 590 
Dasabuvir, 450, 454-455 
DC. see Dendritic cell (DC). 
Deceased donors, for liver transplantation, 758-762 
brain death versus cardiac death in, 758 
expanded criteria donors in, 758 
historical perspectives of, 758 
livers of, 751 
organ procurement operation in, 758-759 
reduced-sized and split livers in, 759-760, 759f 
Decompensated cirrhosis, and hepatitis B, 483, 483¢ 
Decompressive shunts, 255 
Deconditioning, 837 
DECT. see Dual-energy computed tomography (DECT). 
Deficiency, 0t-antitrypsin, 960-970 
clinical features of, 964-966, 965t 
diagnosis of, 966-967, 967f 
epidemiology of, 960 
pathogenesis of, 960-964, 961f, 964f 
treatment of, 967-969, 968f 
Degradation, in photochemistry of bilirubin, 902 
Delirium, 196 
Delivery, pregnancy and, 826-827 
Delta antigen, 501 
Delta bilirubin, 109 
Delta hepatitis virus, 545-546 
Dendritic cell (DC), 42-43, 674-682, 568 


in mucosal tolerance, 42 


Dengue fever, 564-565, 564f, 564¢ 
Designated service area, 750-751 
Desmopressin (DDAVP), 296 
for bleeding, 296¢ 
Detachable snares and clips, 253-254 
Diabetes, hepatocellular carcinoma and, 671-672 
Diabetes mellitus, in post-liver transplant, 779 
Diacylglycerol (DAG), promoting lipotoxicity, 3802, 381 
Diagnosis 
of Ot-antitrypsin deficiency, 966-967 
of Budd-Chiari syndrome, 650-651, 651f 
and diagnostic tests, for hepatitis D, 506-507, 506z, 
507f 
of hepatic encephalopathy, 206-210, 207f 
West Haven Criteria, 207¢ 
of hepatitis A, 517-518, 518f 
of hepatitis B, 474-484, 477f, 478¢ 
of hepatitis E, 530-531 
differential, 531, 531¢ 
aboratory testing for, 530-531 
of spontaneous bacterial peritonitis, 224-225 
Diagnostic criteria, for primary sclerosing cholangitis, 
634-635 
Dialysis, albumin, alcoholic hepatitis and, 359 
Dichlorodiphenyltrichloroethane (DDT), 901 
Dichroism, circular, 901-902 
Diclofenac (Arthrotec, Voltaren), drug-induced liver injury 
and, 882 
Dietary factors, alcoholic liver disease and, 346 
Dietary supplements, drug-induced liver injury and, 
888-889 
Diffuse liver disease, 136-140 
Diffusion-weighted imaging (DWI), 139, 157-158 
Diflunisal (Dolobid), drug-induced liver injury and, 881 
Dihydralazine, drug-induced liver injury and, 878 
DILI. see Drug-induced liver injury (DILI). 
Dipeptidyl peptidase 4, 87, 408-409 
Dipeptidyl peptidase 4 inhibitors, drug-induced liver 
injury and, 868 
Direct transhepatic portal venous pressure measurement, 
243 
Directly reprogrammed hepatocyte-like cells, 93 
Disaccharide inhibitors, for hepatic encephalopathy, 217 
Disease progression, noninvasive assessment of, 117-126, 
1266 
Disease severity, assessment of, in liver transplantation, 
756-757 
Diseases/disorders and function (liver) 
acute liver failure (ALF), 301-323, 3236 
cirrhosis, cardiovascular complications of, 281-292, 
2926 
clinical consequences 
acute liver failure (ALF), 301-323, 3236 
acute-on-chronic liver failure (ACLF), 324-332 
ascites and hyponatremia, 220-232 
cirrhosis, cardiovascular complications of, 281-292, 
2926 
hemostatic and hematopoietic system in liver disease, 
293-300 
liver disease, neurologic consequences of, 203-219 
portal hypertension and bleeding varices, 233-261 
renal failure in cirrhosis, 262-280 
immune diseases 
autoimmune hepatitis and overlap syndrome, 
594-609 
primary biliary cholangitis (PBC), 69, 187 
primary sclerosing cholangitis (PSC), 125, 187, 298, 
626-647 
inherited and pediatric liver diseases 
Q,-antitrypsin deficiency, 128, 1292, 960-970, 
979-982 
bilirubin metabolism and disorders, 898-925, 901f, 
906f 
fibrocystic diseases of liver, 995-1014, 996z, 
10146 
hemochromatosis, 941-959, 952¢ 
metabolic liver diseases, 971-975 
pediatric cholestatic syndromes, 976-994 
viral hepatitis, 1015-1028 
Wilson disease, 127-128, 1282, 926-940, 9406 
liver transplantation, 331-332, 753-768, 768b 
post-liver transplant management, 769-783, 7836 
pretransplant evaluation and care, 737-751, 752b 
recurrent primary disease, after liver transplantation, 
784-815, 785f, 785t, 8156 
management and assessment 
hepatic mass, evaluation of, 157-176 
hospital care of critically ill patient with cirrhosis, 
194-201 
imaging assessment of liver disease and lesions, 
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Diseases/disorders and function (liver) (Continued) 
jaundice, approach to, 99-116 
liver histology, assessment of, 177-193 
molecular and genetics-based diagnostics, 127-135, 
28t, 1356 
noninvasive assessment of disease progression, 
17-126, 1266 
other conditions 
drug-induced liver injury (DILI), 132-133, 134z, 
87, 192, 325, 601, 844-890, 890% 
liver and pregnancy, 817-836 
nutrition and liver, 837-843 
preoperative and postoperative hepatic dysfunctions, 
891-896 
other infections 
bacterial and miscellaneous infections of liver, 
579-592 
human immunodeficiency virus, liver and, 536-555 
liver disease associated with systemic viral infection, 
556-567 
parasitic liver disease, 568-578 
specific diseases 
alcoholic liver disease (ALD), 53-54, 246-247, 3446, 
345-368, 3506 
hepatitis A, 512-521 
hepatitis B, 464-500 
hepatitis C virus, 73-74, 105, 412-444 
hepatitis D, 501-511 
hepatitis E, 522-533 
metabolic syndrome (MS), management of, 406-409 
nonalcoholic fatty liver disease (NAFLD), 105, 184, 
391-405 
nonalcoholic steatohepatitis (NASH), 105, 134, 136, 
187-189, 3927 
tumors 
benign liver tumors, 720-735 
cholangiocarcinoma (CCa), 171-173, 172f 191-192, 
693-707, 7076 
hepatocellular carcinoma, 668-692 
other malignant hepatic tumors, 708-719 
vascular diseases 
Budd-Chiari syndrome and sinusoidal obstruction 
syndrome, 649-657 
portal and splenic vein thrombosis, 658-666, 666b 
Dismutation, in photochemistry of bilirubin, 902 
Distal cholangiocarcinoma 
classification of, 694f 702+ 
clinical presentation and diagnosis of, 698-700 
surgical therapy for, 703 
Distal splenorenal shunt (DSRS), 255 
Diuretics 
for ascites, 228 
complications of, 228 
contraindications in, 228 
drug-induced liver injury and, 878 
use of, 279 
Divalent-metal transporter 1 deficiency (DMT1), 958 
DNA-based analytic methods, development of, 37 
Dolobid (diflunisal), drug-induced liver injury and, 881 
“Domain-swapping” mechanism, 960-961 
Domino transplant, 92 
Donation after cardiac death, in liver transplant, 751 
Donor- and peritransplant-related factors, associated with 
HCV, 798-799, 799f800f 
Donor cells 
portal veins, occlusion of, 86-87 
repopulation of, 95-97 
steps to integrate, 86 
transplantation 
engraftment of, 95-97 
function after, 94-95 
methods storage of, 94 
tracking donor cells, 94-95 
Donor factor, for bacterial infections, 585-586, 586t 
Donor liver choices, for liver transplant, 751 
Donor pool, for liver transplant, alcoholic hepatitis and, 
363-364 
Donor-specific antibodies (DSAs), 95 
Dopamine B-monooxygenase, 926 
Dopaminergic agents, for hepatic encephalopathy, 216 
Doppler transthoracic echocardiography, 290 
Doppler ultrasound, 244 
Double rolling circle model, 501-503 
Doxorubicin 
drug-induced liver injury and, 886 
for Kaposi sarcoma, 560 
DRB1*0301 locus, 594-595 
Drug 
injection of, in transmission of HCV, 430 
metabolism of, pregnancy and, 818-819, 819¢ 
therapies, new, for hepatitis D, 510-511, 5114 


Index 


Drug-drug interactions 
and hepatitis C treatment, 451-452 
HIV and, 550-553 
Drug-induced acute liver failure, 305-307, 305¢ 
Drug-induced hepatitis, 894-895 
Drug-induced liver injury (DILI), 132-133, 134z, 187, 
192, 325, 601, 844-890, 8906 
anesthetics and, 859-860 
anti-Alzheimer’s drugs and, 865-866, 866+ 
anticonvulsants and, 860-864, 863t 
antidepressants and, 865 
antidiabetic agents and, 866-868, 867¢ 
antimicrobial agents and, 868-871 
antimigraine drugs and, 865-866, 866¢ 
antineoplastic agents and, 883-887, 883¢ 
anti-Parkinson’s drugs and, 865-866, 866¢ 
anxiolytic agents and, 865 
apoptosis and, 847-848, 848f 
botanicals and, 888-889 
cardiovascular agents and, 876-880, 877 
causality assessment for, 847 
causes of, 846 
clinical risk factors of, 846 
clinicopathologic patterns of, 853-858, 854¢-855¢ 
cholestatic, 857, 857f 
hepatocellular (hepatitic), 853-857 
mixed, 857-858 
steatotic (fatty liver), 858, 858f 
dietary supplements and, 888-889 
differentiation of AIH and, 603f 
due to immune checkpoint inhibitors, 888 
due to specific agents, 859-888 
epidemiology of, 846, 846¢ 
free-radical reactions and, 850-852 
genetic associations with, 862r 
glutathione and, 849-850, 850f 
herbal products and, 888-889 
immunological mechanisms of, 852-853 
immunosuppressive agents and, 883-887, 883¢ 
macrovesicular steatosis and, 858-859 
mechanisms of, 847-852 
necrosis and, 847-848 
oxidative stress and, 850-852 
pathogenesis of, 845, 845f 
predictable versus unpredictable, 859, 8602, 861f 
psychotropic drugs and, 864-865 
soporific agents and, 865 
xenobiotic agents and, bioactivation of, 848-849 
Dual-energy computed tomography (DECT), 140 
Dubin-Johnson syndrome, 101, 911, 922-924, 922f 
animal models, 923-924 
clinical findings of, 922 
genetic basis of, 923 
inheritance, 923 
laboratory tests, 922 
organic anion transport, 922-923 
urinary coproporphyrin excretion, 923, 923f 
Duchenne muscular dystrophy, 969 
Duct lesion, 177 
Ductal plate, 7-8 
malformation hypothesis, 995-997, 997f 
Ductopenic rejection, chronic, in liver transplant 
recipients, 775 
Ductular cholestasis, 187 
DWI. see Diffusion-weighted imaging (DWI). 
Dysbiosis, intestinal 
alcoholic liver disease and, 53-54 
corollaries, 54-55 
cirrhosis 
and bile acid, 59-60 
in clinical practice, 57-59 
experimental, 56-57 
and hospitalization, 60 
metabolic corollaries of, 59-60 
definition of, 53-54 
fibrosis, experimental, 56-57 
Dysbiota, 385-387 
Dysfunctions, hepatic, 891-896 
aminotransferase levels and 
alanine (ALT), 891, 894 
aspartate (AST), 891, 894 
postoperative, 891-896 
anesthetic-induced liver injury, 894 
causes of, 893, 894¢ 
cholestasis, benign postoperative, 895 
differential diagnosis of, 896¢ 
evaluation of patients with, 896 
hepatitis 
drug-induced, 894-895 
ischemic, 894 
obstruction, bile duct, 895-896, 895f 
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Dysfunctions, hepatic (Continued) 
preoperative, 891-896 
alcoholic liver disease and, 892. see also Alcoholic 
liver disease. 
in asymptomatic patients, 891 
Child classification and, 892-893 
cirrhosis and, 892. see also Cirrhosis. 
Model for End-Stage Liver Disease (MELD) score 
and, 892, 893f 
recombinant factor VIIa (rFVIIa) and, 893 
in symptomatic patient, 892 
Dyslipidemia, in post-liver transplant, 779 
Dysmetabolic iron overload syndrome, 408 


Dystonia, 930-931 


Early allograft function, assessment of, in liver 
transplantation, 765 
Ebola virus disease, 5641, 566-567 
EBV. see Epstein-Barr virus (EBV). 
Echinococcosis, 572-573 
clinical manifestations of, 572-573 
diagnosis of, 573 
immune response and, 572 
treatment of, 573 
Echinococcus granulosus, 572 
Echinococcus multilocularis, 572 
Echocardiography, cirrhotic cardiomyopathy and, 281 
Ectopic varices, 250, 261, 261f see also Varices. 
Egypt, hepatitis C virus infection in, 437 
Eisai hyperbilirubinemic rats, 923-924 
Ektachem TIBL slide, 914 
Elastography, 479 
noninvasive fibrosis assessment using, 540 
Elbasvir, and grazoprevir, 455f, 456 
Elective surgical resection, for hepatic hemangiomas, 
723-724 
Electrocardiography, cirrhotic cardiomyopathy and, 281 
Electrolyte disorders, in cirrhosis, 199 
Electrolytes, management of, 316-317 
Embryonic stem cells, 92 
Empiric broad-spectrum antibiotics, 195 
Emricasan, alcoholic liver disease and, 362 


ENAs. see Extractable nuclear antigens (ENAs). 
Encephalopathy 
hepatic, 329 
sarcopenia in cirrhosis and, 839 
End-hole catheter, 243 
Endocannabinoids, 282 
Endocrine manifestations, in hemochromatosis, 949f 
Endoplasmic reticulum (ER) stress, 381-383, 382f 
Endoscopic management, of primary sclerosing 
cholangitis, 644 
Endoscopic therapy, 252-254 
Endoscopic ultrasound, gastric varices and, 242, 242f 
Endoscopic variceal ligation, 253, 253f, 258f 
Endothelin, 236 
Endothelium, vascular, 293-294 
Endotoxemia, in nonalcoholic fatty liver disease, 50 
Endotoxin receptor, alcoholic liver disease and, 347 
End-stage liver disease (ELD) 
in hemochromatosis, 957 
in liver transplantation, 756 
Energy harvest, in nonalcoholic fatty liver disease, 50-52 
Enhanced liver fibrosis (ELF) assay, 624 
Enhanced liver fibrosis score, 120 
ENPPI gene, in NAFLD, 397¢ 
Entamoeba dispar, 573-574 
Entamoeba histolytica, 573-574 
Entecavir, 490z, 491 

for chronic hepatitis, 1023-1024, 1023¢ 

clinical response to, 491 

for HBV, 788-789 

hepatitis B resistance to, 468 

resistance to, 491 

safety of, 491 
Enteral supplementation 

alcoholic cirrhosis and, 365 

alcoholic hepatitis and, 360 
Enterically transmitted non-A non-B hepatitis, 522 
Enterovirus, 564 
cholestasis and, 977t, 978 
hepatitis and, 1018, 1018¢ 
type 72, 512 
Envelope glycoproteins, 413-415 
Environmental risks, of primary sclerosing cholangitis, 
629-632 
Enzyme-catalyzed glucuronidation, 909 
Enzyme-catalyzed oxidation, 913 
Epidemic non-A non-B hepatitis, 522 


EMT. see Epithelial-mesenchymal transactivation (EMT). 


Epidemiology 
of acute liver failure (ALF), 301-308 
f O-antitrypsin deficiency, 960 
f ascites, 220, 221f 
cholangiocarcinoma, 693-694 
f hemochromatosis, 949-951 
f hepatitis, autoimmune (AIH), 594-596, 595f 
f hepatitis A, 513-515, 515£516f 
f hepatitis B, 474-484 
f hepatitis C virus (HCV), 428-444 
f hepatitis D, 504-506, 505f 
f hepatocellular carcinoma, 668-669, 669£670f 
primary biliary cholangitis (PBC), 610-619 
of spontaneous bacterial peritonitis, 224 
Epidermal growth factor, 953 
Epidermal growth factor receptor pathway, 674-675 
Epigenetic regulation, in fibrocystic liver disease, 1003 
Epithelial-mesenchymal transactivation (EMT), 235 
Epithelium, and specialized cells, 39-40 
Epstein-Barr virus (EBV), 180, 556-557, 557r, 558f 
hepatitis and, 1018, 1018¢ 
HIV and, 546-547 
ER-associated degradation (ERAD), 964 
Erythrocytapheresis, 957 
Erythrocytes, as abnormalities in hematopoietic system, 
298-299, 299f 
Erythromycin, drug-induced liver injury and, 874-875 
Erythropoietin, 943 
Escherichia coli, 580, 613 
Esophageal stents, 254-255 
Esophageal varices, bleeding, 233-261, 2616 
acute, control of, 257-259 
classification of disease causing, 244-245 
clinical features of, 238-244 
definition of, 234 
ectopic varices and, 250, 261, 261f 
gastric vascular ectasia (GVE) and, 260-261 
pathogenesis of, 234-238 
patient with, approach to, 255-260 
portal circulation and, physiologic principles of, 
233-234 
portal hypertensive gastropathy (PHG) and, 260-261 
portal venous system and, 233 
preprimary prophylaxis of, 255-257 
recurrent, secondary prophylaxis of, 259 
related bleeding, 248-251 
approach to patient with, 255-260 
diagnosis of, 250-251 
patients, to screen for esophageal varices, 248 
risk factors and natural history of, 248-249 
treatment options for, 250-251 
secondary to 
increased portal venous blood flow, 244-245 
increased resistance to portal blood flow, 245-248 
treatment options for, 251-255 
Estrogen, cystic liver disease and, 1002 
ET, receptors, endothelins and, 236 
ET} receptors, endothelins and, 236 
Ethambutol (EMB) 
drug-induced liver injury and, 870 
for tuberculosis, 585 
Ethanol 
feeding 
chronic, 341, 342 
chronic-plus-binge, 342, 342¢ 
high-fat diet (HFD) and, 342-343, 342¢ 
intragastric chronic, 342¢ 
metabolism of, 335-336, 336f 
Ethionamide, drug-induced liver injury and, 871 
Europe, hepatitis C virus infection in, 438 
European Association for the Study of the Liver-Chronic 
Liver Failure (EASL-CLIF), 324-325 
European Liver Transplant Registry database, on HDV 
infection, 511 
Everolimus 
for hepatitis E, 531-532 
for liver transplant recipients, 776 
used after liver transplant, 777¢ 
Eversion thromboendovenectomy, in liver transplantation, 
764-765 
Exercise 
for nonalcoholic fatty liver disease, 407-408 
sarcopenia in cirrhosis and, 841-842 
Exhausted phenotype, in humoral immunity, 421-422 
Expanded criteria donors (ECD), in deceased donors, for 
liver transplantation, 758 
Extracellular matrix remodeling, 1003 
Extractable nuclear antigens (ENAs), 598 
Extrahepatic complications 
of hepatitis E, 529-530, 530¢ 


patients with, treatment for, 533 
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Extrahepatic malignancy, in liver transplant, 749 

Extrahepatic organ failure, 327-329 
mechanisms of, 328f 

Extrahepatic portal vein thrombosis, 245 

Ezetimibe, 969 


F 
FABP1, silencing of, in hepatocellular adenoma, 729-730 
Facilitated diffusion, 907 
FADS! gene, in NAFLD, 397+ 
Familial amyloid polyneuropathy, liver transplant for, 740¢ 
Familial hypobetalipoproteinemia, 373 
Familial intrahepatic cholestasis, 129-131, 1292-1302, 130f 
Farnesoid X receptor, alcoholic liver disease and, 362 
Farnesoid X receptor (FXR), 908 
Fasciola gigantica, 575 
Fasciola hepatica, 575 
Fascioliasis, 575-576 
clinical manifestations of, 575-576 
diagnosis of, 576, 576f 
treatment of, 576 
Fast atom bombardment mass spectrometry, 984 
Fat, overburning, 378-379 
Fatigue 
in patients with PBC, 614-615 
treatment of, 622 
Fat-soluble vitamin deficiency 
in patients with PBC, 616 
treatment of, 623 
Fat-soluble vitamin malabsorption, bile acid synthesis 
causing, 26-34, 26f27f 
Fatty acids (FAs), 380, 380¢ 
Fatty liver disease, 134, 184-186, 185f 
acute, of pregnancy, 832-836 
alcoholic, 337-338, 337f, 347-348 
nonalcoholic, 348-349 
nutrition and, 842 
Feathery degeneration, 187 
Fecal transplant, in intestinal microbes, 64, 64f 
Felbamate, drug-induced liver injury and, 864 
Ferritin, 379 
Ferroportin disease, 949-951, 957 
Ferroprotoporphyrin IX. see Heme. 
FHCS. see Fitz-Hugh-Curtis syndrome (FHCS). 
FHF. see Fulminant hepatic failure (FHF). 
Fibrates, for PBC, 622 
Fibrin, 294 
Fibrocystic diseases, of liver, 247, 995-1014, 996z, 10144 
angiogenesis and vascularization in, 1003 
biology of, 995-1003 
clinical manifestations and treatment of, 1006-1014 
epigenetic regulation in, 1003 
events contributing to, 1002-1003 
extracellular matrix remodeling in, 1003 
genes and proteins of, 998-999 
histopathology of, 1003-1006 
Fibrocystin, 999 
in mechanosensory complex, 1000 
Fibrocytes (portal tract), 3¢ 
Fibroelastography. see Ultrasound transient elastography. 
Fibrogenesis, 387-389, 389¢ 
modifiers of, in NAFLD, 397¢ 
Fibrolamellar hepatocellular carcinoma, 680-681, 
708-711 
clinical features of, 709 
diagnosis of, 709, 710f 
epidemiology of, 708 
pathogenesis of, 708 
pathology of, 709, 709f 
treatment and prognosis of, 709-711, 710¢ 
FibroMeter, 119-120 
Fibrosing cholestatic variant, of HBV, 786-787 
Fibrosis, 399 
alcoholic, 340-341, 340f 
dysbiosis and, intestinal, 56-57 
hepatic, 44-45, 77-83, 83b, 536 
microbiota as mediator of, 46-47 
Fibrosis 4 score, 539-540 
Fibrosis biomarker panels, 111, 112¢ 
Fibrosis-4 (FIB-4), 124 
FibroSpect, 120 
FibroSure, 120 
FibroTest, 111, 120 
Filoviridae, 566 
Fitz~-Hugh-Curtis syndrome (FHCS), 585 
Flash-filling, 158 
Flaviviridae, 564-565 
Florid duct lesion, in PBC, 618, 618f 
Fluconazole 
drug-induced liver injury and, 869 
for liver transplant recipients, 589 


Flucytosine, drug-induced liver injury and, 869 
Fluid secretion, cystic liver disease and, 1002 
Fluids, management of, 316-317 
Flumazenil, for hepatic encephalopathy, 216, 217¢ 
Fluorescence, in photochemistry of bilirubin, 902 
Fluoroquinolones, drug-induced liver injury and, 875 
5-Fluorouracil, drug-induced liver injury and, 885 
Fluphenazine, 968-969 
FNH. see Focal nodular hyperplasia (FNH). 
Foam cells, 187 
Focal fat/fatty sparing, 147, 149f 
Focal hepatic lesions, 140-142 
diagnosis and management of, American College of 
Gastroenterology clinical guidelines for, 735f 
imaging modalities of, 140-142 
computed tomography, 140-142 
hepatobiliary-specific contrast agents, 142 
magnetic resonance imaging, 142 
ultrasound, 140 
magnetic resonance imaging features of, 176 
Focal liver lesions. see Focal hepatic lesions. 
Focal nodular hyperplasia (FNH), 143, 157, 159-161, 
161£162f; 725-729 
associated conditions of, 727 
clinical features of, 726, 726t 
diagnosis of, 726 
diagnostic workup in, 727 
epidemiology of, 725 
imaging findings in, 726-727 
imaging of, 143, 144f 
of liver, 828 
molecular features associated with, 726 
natural history of, 729 
pathogenesis of, 725 
pathology of, 725-726, 726f 
prognosis of, 729 
treatment of, 729 
Foie gras, 371-374 
Formalin fixed, paraffin embedded (FFPE), 178 
Forns index, 539 
Foscarnet, for HHV infection, 560 
Fosfomycin, drug-induced liver injury and, 875-876 
Frailty, 837 
in liver transplant, 749 
Free fatty acids (FFAs), 371-372 
Free hepatic vein pressure (FHVP), 243 
Free-radical reactions, in hepatotoxicity, 850-852 
Fresh frozen plasma, for bleeding, 296¢ 
Fructose, intake of, 407 
Fulminant autoimmune hepatitis, 607 
Fulminant hepatic failure (FHF), 301, 529 
Functional renal failure, 262, 263f 
Fundamental concepts, for clinical consequences, acute 
liver failure (ALF), 301-323, 3230 
Fungal infections 
commonly encountered, 590-591 
Candida species and, 591 
endemic mycoses and, 591 
diagnosis of, 591 
HIV and, 547, 547f 
pathogenesis of, 591 
prophylaxis in LT recipients, 589-590 
Aspergillus species and, 589 
Candida species and, 589 
Coccidioidomycosis and, 590 
Cryptococcus species and, 589-590 
Pneumocystis (jiroveci) pneumonia (PCP) and, 590 
therapy of, 592¢ 
treatment of, 591 
Fungi, prophylactic strategies for, in liver transplant 
recipients, 782t 
Fusion inhibitors, drug-induced liver injury and, 873 
FXR, 389¢ 


G 
Gabapentin, drug-induced liver injury and, 864 
Gallbladder cancer, primary sclerosing cholangitis and, 
644-645 

Gallbladder varices, 245, 245f 
Gallstone disease, 132, 1322, 133f 
Ganciclovir 

for CMV infection, 558 

for HHV infection, 560 
Garments around waist, 221 
Gas chromatography-mass spectrometry (GC-MS), 27-28 
Gastric antral vascular ectasia (GAVE), 298 
Gastric vascular ectasia (GVE), 249-250, 250f, 260-261 
Gastritis, 937-938 
Gastroesophageal varices, 240-241, 241f, 259-260, 260f 
Gastrointestinal stromal tumor, hepatic metastases from, 
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Gastrointestinal tract, regional differences in, affect the 
microbial niche, 43f 
GAVE. see Gastric antral vascular ectasia (GAVE). 
GCRR gene, in NAFLD, 397¢ 
GCLC gene, in NAFLD, 397¢ 
GC-MS. see Gas chromatography-mass spectrometry 
(GC-MS). 
Gene test, for liver diseases, 134t 
Gene therapy, 919 
General measures, acute esophageal variceal bleeding and, 
257-258 
Genes, influencing alcohol metabolism, 346-347 
Genetic factors, alcoholic liver disease and, 341 
Genetics, primary sclerosing cholangitis and, 629-632, 
6302, 631f 
Genetics-based diagnostics, 127-135, 128z, 1356 
next-generation sequencing of, 134 
Genome organization, of hepatitis E, 522-523, 523f 
Genomic characterization, of HAV strains, 512 
Germander (Teucrium chamaedrys), liver injury and, 889 
Germ-free models, implications for the intestinal 
microbiome, 47 
GER. see Glomerular filtration rate (GFR). 
GGT. see y-Glutamyltranspeptidase (GGT). 
GI bleeding, upper, critical care management, 196-197 
Giant bile duct hamartomas, 166 
Giant cell hepatitis, with autoimmune hemolytic anemia, 
987 
Gilbert syndrome, 101, 916, 9172, 920-921 
animal model, 921 
bilirubin conjugates in bile, 921 
clinical features of, 920 
diagnosis of, 921 
effect of fasting, 921 
genetic basis of, 920 
nicotinic acid administration, effect of, 921 
organic anion transport, 920-921 
Gilbert-Meulengracht syndrome, 131 
Glasgow Alcoholic Hepatitis Score, alcoholic hepatitis and, 
354 
Glatiramer, drug-induced liver injury and, 866 
Glisson’s capsule, 2-3, 9 
Glitazones (thiazolidinediones), drug-induced liver injury 
and, 867-868 
Glomerular filtration rate (GFR), 262 
and ribavirin dose, 462 
Glomerulonephritis, hepatitis B virus-related, 481 
Glucose intolerance, 953 
Glucose metabolism, in NAFLD, 397¢ 
Glucose-regulated protein 78 (GRP78), 381 
a-glucosidase inhibitors, drug-induced liver injury and, 
867-868 
y-Glutamyltranspeptidase (GGT), 26-27, 99, 104, 
119-120 
Glutathione, 911 
drug-induced liver injury and, 849-850, 850f 
Glycerol phenylbutyrate, for hepatic encephalopathy, 216 
Glycoproteins, envelope, 413-415 
GNPAT, 952-953 
Goblet cells, 39-40 
Golgi complex, 12 
Golgi-SER-lysosome (GERL), 12 
Gradient gel electrophoresis, denaturing, 37-38 
Graft 
alcoholic cirrhosis and, 366-368 
failure, liver transplantation for, 754¢ 
Graft-versus-host disease (GVHD), 187 
Granulocyte-colony stimulating factor (G-CSF), 299, 327 
Granuloma 
formation, 569, 569f 
hepatic, HIV and, 548-549 
Granulomatous inflammation, in liver disease, 187-189 
Granulomatous processes, HIV and, 548-549 
Grazoprevir, 450 
and elbasvir, 455f, 456 
Griseofulvin, drug-induced liver injury and, 869 
Growth factors, for alcoholic hepatitis, 359 
Gunn rat, 902, 917-918 
Gut-associated antigens, 571 
Gut-associated schistosome proteoglycan (GASP), 571 
Gut-liver axis, 39 
alcoholic liver disease and, 53f, 361-362 
GVE. see Gastric vascular ectasia (GVE). 
GVHD. see Graft-versus-host disease (GVHD). 


H 
H63D polymorphism, 950 
H1069Q, 934 


HAART. see Highly active antiretroviral therapy (HAART). 


Haemagogus, 565 
Halothane hepatitis, 896¢ 
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Hamartomas, bile duct, 163-166, 165f 
HAMP gene, 943, 953 
Haptens, drug-induced liver injury and, 853 
HAT. see Hepatic artery thrombosis (HAT). 
HCA. see Hepatocellular adenoma (HCA). 
HCC. see Hepatocellular carcinoma (HCC). 
HCV. see Hepatitis C virus (HCV). 
HCV core antigen testing, 442 
HCV protease, 446-447 
HCV RNA, monitoring of, 459 
HE. see Hepatic encephalopathy (HE). 
Health care workers, proof of immunity in, for hepatitis B, 
476 
Health-care associated transmission, of hepatitis B, 476 
Healthcare workers, occupational transmission of HCV, 
430 
Hedgehog (Hh), 388-389, 389¢ 
Helicobacter pylori, 613 
HELLP syndrome, 308, 831-832 
clinical presentation of, 831 
diagnosis of, 831-832, 832f 832¢ 
management of, 832, 833f 
outcomes of, 832 
pathogenesis of, 831 
Helper T cells, 672-68¢ 
Hemangioendothelioma, hepatic epithelioid, 713 
Hemangioma, 142, 158-159, 159F160f 
cavernous, 720 
hepatic, 720-725 
pregnancy and, 828 
imaging of, 142, 143£144f 
Hematologic disease 
chronic hepatitis E virus infection in, 532-533 
portal hypertension and, 248 
Hematoma, HELLP syndrome and, 833f 
Hematopoietic stem cell, hepatic fibrosis, induced by, 
46-47 
Hematopoietic system, abnormalities in liver disease in, 
298-299 
Hematoxylin and eosin (H&E), 178-179 
Heme, 100, 899, 899f 
Heme oxygenase (HO), 899-900 
inhibition of, 918 
Hemochromatosis, 941-959, 952¢ 
clinical spectrum of, 950f, 951-959 
acquired, 953 
fully expressed, 951 
low penetrance of HFE C282Y homozygotes, 
951-953 
management of, 956-957 
nonhemochromatotic genetic iron overload, 958f 
non-HFE-associated, 953, 954f 
suspecting and diagnosing, 954-956 
genetic and pathogenic basis for, 943-949 
common pathogenic basis of all forms of, 946-949 
iron-sensing machinery, 943-946 
genetics and epidemiology of, 949-951 
hepcidin, the hemochromatosis hormone, 943 
historical aspects, 941 
liver transplant and, 814-815 
Hemodialysis, as hepatitis B risk factor, 476 
Hemodynamics, pregnancy and, 818 
Hemostatic system, 293-295 
Hemothorax, risk of, 200 
HepaScore, 120 
Hepatectomy, in liver transplantation 
living donor, 761, 762f 
recipient, 762-764, 763f764f 
Hepatic abscess, 147, 167, 168f169f 
imaging of, 147 
Hepatic adenoma, 161-163, 1632, 164f 
Hepatic antigen-presenting cells, induce endotoxin, 43 
Hepatic arterial flow, 236 
measurement of, 244 
Hepatic artery thrombosis (HAT) 
in liver transplantation, 766 
in post-liver transplant, 779, 780f 
Hepatic bilirubin uptake, 907-909, 915 
Hepatic blood flow, pregnancy and, 818 
Hepatic chords, integration, in hepatocyte transplantation, 
87 
Hepatic complications, of hepatitis E, 529 
Hepatic cysts, 163 
simple, 1006, 1006f 
solitary, 1013-1014, 1014f 
Hepatic dysfunctions, 891-896, 896% 
aminotransferase levels and 
alanine (ALT), 891, 894 
aspartate (AST), 891, 894 
postoperative, 891-896 
anesthetic-induced liver injury, 894 


Index 


Hepatic dysfunctions (Continued) 

causes of, 893, 894¢ 

cholestasis, benign postoperative, 895 

differential diagnosis of, 896¢ 

evaluation of patients with, 896 

obstruction, bile duct, 895-896, 895f 

preoperative, 891-896 

alcoholic liver disease and, 892. see also Alcoholic 
liver disease. 

in asymptomatic patients, 891 

Child classification and, 892-893 

cirrhosis and, 892. see also Cirrhosis. 

Model for End-Stage Liver Disease (MELD) score 
and, 892, 893f 

recombinant factor VIIa (rFVIIa) and, 893 

in symptomatic patient, 892 


Hepatic encephalopathy (HE), 60, 203, 313, 313f 3134, 
329 


axes of, 205t 
brain imaging in, 207 
clinical classification of, 208 
as complications of acute liver failure, 319-321 
covert, 206 
detection relationship of, 205f 
diagnosis of, 206-210, 207f 
West Haven Criteria, 207+ 
historical background, 203 
importance of, 206 
liver support systems and, 218 
liver transplant and, 218-219, 218¢ 
management of, 210-217, 212f 
goals of, 210-212 
newer therapies for, 217¢ 
nomenclature of, 205 
nutrition for, 218 
overt, 206 
pathogenesis of, 203-205, 204f 
portosystemic shunts closure and, 218 
precipitating factors associated with, 213¢ 
problems in classifying, 208f 
resistant to therapy, 217-218 
prevalent reasons for, 218¢ 
spectrum of, 205 
testing modalities, 207¢ 
tests for evaluation of, 209f 
treatment of, 210-217, 214t 
Hepatic epithelioid hemangioendothelioma, 713 
Hepatic fibrosis, 77-83, 83b, 536 
assessment of, in liver transplant recipients, 795-796 
cell death-triggered, 81 
cell types that participate, 78-81 
hepatic stellate cells, 78-80 
hepatocytes, 78 
macrophages, 80 
natural killer cells and natural killer T cells, 80 
T and B lymphocytes, 81 
chemokines in, 82 
congenital 
characteristics of, 1010 
clinical features of, 1011 
clinical manifestations and treatment of, 1010-1011 
genes and proteins of, 999 
histopathology of, 1004, 1004F1005f 
terminology of, 1010 
treatment of, 1011 
estimation of, based on mathematical scores, 110-111 
hepatic inflammation as driver of, 77-78, 79f 
key pathways in, 81-82 
microRNAs in, 82-83 
modulators of, microRNAs as, 83 
noninvasive biomarkers of, 111 
serologic tests for 
AST/ALT ratio, 118 
AST/platelet ratio and fibrosis-4 indexes, 118-119 
enhanced liver fibrosis score, 120 
fibroMeter, 119-120 
FibroSpect, 120 
FibroSure and FibroTest, 120 
HepaScore, 120 
nonalcoholic fatty liver disease fibrosis score, 119 
pathophysiology of, 118-120, 119¢ 
staging of, value and meaning of, 117-118 
toll-like receptor pathway, 81-82 
Hepatic hemangiomas, 720-725 
clinical features of, 721 
diagnosis of, 721 
diagnostic workup in, 722-723 
epidemiology of, 720, 721¢ 
imaging findings in, 721-722 
natural history of, 724-725, 725¢ 
pathogenesis of, 720 


Hepatic hemangiomas (Continued) 
pathology of, 720-721 
pregnancy and, 828 
prognosis of, 724-725, 725t 
treatment of, 723-724 
Hepatic hydrothorax, in ascites, 224 
treatment of, 231 
Hepatic insufficiency (liver failure), clinical signs of, 115 
Hepatic lymphoma, 715-716, 717f 
Hepatic malignancies, associated with HIV, 553-554 
Hepatic mass 
bile duct hamartomas, 163-166, 165f 
biliary cystadenoma, 166-167, 166f 
cholangiocarcinoma, 171-173, 172f 
evaluation of, 157-176 
focal nodular hyperplasia, 159-161, 161f162f 
hemangioma, 158-159, 159f160f 
hepatic abscess, 167, 168£169f 
hepatic adenoma, 161-163, 163z, 164f 
hepatic cysts, 163 
hepatocellular carcinoma, 167-171, 170f171f 
imaging modalities of, 157-158 
metastases, 173-175, 173£175f 
Hepatic metastasis, 152-154, 716-719, 718¢ 
Hepatic microcirculation, portal hypertension and, 235, 
235f 
Hepatic mitogens, for alcoholic hepatitis, 359 
Hepatic parenchymal manifestations 
arteriovenous malformations, 189 
benign hepatic lesions/tumors, 190-191, 191f 
drug-induced liver injury, 192 
hepatic sinusoids, 189-190, 190f 
hereditary telangiectasia, 189 
inflow vessels, 189 
hepatic artery, 189 
portal vein, 189 
liver biopsies in systemic disease, 192-193 
liver transplant pathology, 192 
malignant tumors, 191-192 
mass lesions, 190 


outflow veins/right-sided cardiac dysfunction, 189, 189f 


pediatric liver biopsies, 192 
of vascular lesions, 189-193 
Hepatic resection 
for hepatocellular carcinoma, 682-685 
for Kasabach-Merritt syndrome, 724 
Hepatic sinusoids, 13, 189-190, 190f 
Hepatic steatosis, cause of, 856t 
Hepatic stellate cells (HSC), 32, 67t-682, 75, 235, 235f 
388 
Hepatic tumors, malignant, 708-719, 709¢ 
Hepatic vascular cells, increased intrahepatic resistance, 
235 
Hepatic vein stenosis, in liver transplantation, 766 
Hepatic veno-occlusive disease, 653 
clinical presentation of, 655 
diagnosis of, 655-656, 655¢ 
pathogenesis of, 654-655 
prevention of, 656 
risk factors and epidemiology of, 653-654, 653¢ 
treatment of, 656-657 
Hepatic venous outflow tract obstruction (HVOTO), 
649 
Hepatic venous pressure gradient (HVPG), 234 
Hepatic viability, assessment of, in hepatocyte 
transplantation, 94 
Hepatis, peliosis, cause of, 859¢ 
Hepatitis 
acute, 180-184, 183r 
adenovirus and, 1017, 1017f 1018¢ 
alcoholic, 339-340, 348 
assessment of disease severity in, 353-355, 353¢ 
diagnosis of, 352-353, 353z, 354f 
liver transplant in, 362-364 
management of, 355t, 367f 
mild episodes of, treatment of, 364 
severe episodes of, treatment of, 355-359 
autoimmune, pregnancy and, 824 
autoimmune (AIH), 594-609. see also Autoimmune 
hepatitis (AIH). 
intestinal microbiome and, 56 
chronic, 184, 184£185f 
cytomegalovirus and, 1017-1018, 1018¢ 
drug-induced, 894-895 
enterovirus and, 1018, 1018¢ 
Epstein-Barr virus and, 1018, 1018¢ 
halothane, 896¢ 
hepatitis A. see Hepatitis A. 
hepatitis B. see Hepatitis B. 
hepatitis C. see Hepatitis C. 
hepatitis E. see Hepatitis E. 


Hepatitis (Continued) 
human herpes virus 6 and, 1018z, 1019 
human immunodeficiency virus (HIV) and, 1020 
ischemic, 894 
morphologic lesions of, 180-187 
neonatal, 987 
parvovirus B19 and, 1018z, 1019-1020, 1019f 
rubeola and, 1020 
varicella and, 10182, 1020 
viral, 1015-1028, 10286 
acute, 894, 1015-1017 
chronic, 1020-1023 
liver dysfunction, postoperative and, 896¢ 
pregnancy and, 821-824 
Hepatitis A, 512-521 
acute liver failure and, 303-304 
clinical course of, 516-517, 516f, 517¢ 
conclusion on, 521 
diagnosis of, 517-518, 518f 
epidemiology of, 513-515, 515£516f 
HIV and, 542 
molecular virology of, 512-513, 513f514f 
pathogenesis of, 513 
postexposure prophylaxis in, 521 
preexposure measures in, 519 
pregnancy and, 821-822 
prevention of, 519-521 
summary in, 5216 
transmission of, 512 
treatment of acute infection in, 518-519 
vaccination for, 519-521, 520¢ 
Hepatitis A virus (HAV), 74, 187-189, 1018, 1018z 
Hepatitis A-hepatitis B combination vaccine, 519 
Hepatitis B, 464, 485 
acute, virologic and immunologic features of, 468-469 
acute infection of, 479-480 
clinical manifestation of, 479 
laboratory findings of, 479-480 
outcomes and predictors of, 480 
acute liver failure and, 304 
alcoholic liver disease and, 348-349 
antiviral resistance of, options for, 496¢ 
biology of, 465-468 
burden of disease in, 474 
capsid of 
formation, maturation, and secretion of, 467-468 
transport of, towards nucleus, 467 
chronic infection, 480-483 
clinical manifestations of, 480 
extrahepatic manifestations of, 481 
immune clearance phase of, 482 
immune-tolerant phase of, 481-482 
inactive carrier phase of, 482 
laboratory findings, 481, 481f 
phases of, 481, 485-486 
reactivation phase of, 482 
chronic infection management, in special populations, 
497-498 
acute hepatitis B as, 497 
human immunodeficiency virus coinfection as, 497 
immune suppression in, 498, 499f 
pregnancy as, 497-498 
clinical outcomes of, 483-484 
control of, immunologic profile of, 468-469, 469f 
covalently closed circular DNA formation, 467 
decompensated cirrhosis and, 483, 483¢ 
diagnosis of, 474-484, 477f, 478¢ 
DNA of, 479 
drug-resistant mutants of, 468 
epidemiology of, 474-484 
changes in, 474-475 
fulminant, 480 
genome of, 465-466 
release of, 467 
variability in, 468 
genotyping of, 479 
hepatocellular carcinoma and, 483-484, 483z, 670-671 
HIV and, 542-544, 543f 
host and model systems of, 464-465, 465¢ 
immunopathogenesis of, 468-473 
initial evaluation of, 487, 487f, 487¢ 
latent/occult infection of, 483 
life cycle of, 466-467, 466f 
liver cirrhosis and, 483, 483t 
liver damage pathogenesis during, 471-473 
liver fibrosis in, liver biopsy and noninvasive assessment 
of, 479, 480t 
mediating factors for, 483-484 
mode of transmission in, 475-476 
health-care associated, 476 
percutaneous, 475 


Hepatitis B (Continued) 
perinatal, 476 
sexual, 475 
multiple drug-resistant mutants of, 468 
natural history of, 474-486, 486f 
new treatments for, 496-497 
nucleoside/nucleotide analogs for, 488-494, 489f, 490¢ 
pathogenesis of, 464-473 
impact of age in, 470-471 
pegylated interferon for, 494-496 
pregnancy and, 822-823, 823f 
prevalence of, 474, 475f 
progression of, to cirrhosis and hepatocellular 
carcinoma, 486 
proteins of, 465-466, 466f 
public health impact of, 474 
reactivation of, 498 
replication of, immune-mediated inhibition of, 470 
screening recommendations for, 476, 477t 
special groups with, 484 
coinfection with other viruses in, 484 
immunosuppressed patients in, 484 
structural depiction of, 502f 
structure of, 465-466 
treatment of, 485-500 
end points of, 487-488 
indications for, 485-487 
summary for, 5006 
vaccination for, 499-500, 499f, 1020-1021 
virology of, 464-473 
virus entry of, 467 
Hepatitis B core antibody, 477-478 
Hepatitis B core antigen (HBcAG), 477-478 
Hepatitis B e antibody, 478-479 
Hepatitis B e antigen (HBeAg), 478-479 
seroconversion of 
in immune clearance phase, 482 
in immune-tolerance phase, 481-482 
Hepatitis B polymerase, 465-466 
Hepatitis B surface antibody, 476-477, 478f 
Hepatitis B surface antigen (HBsAg), 474, 476-477, 478f 
spontaneous clearance of, 483 
for vaccination, 499 
Hepatitis B virus (HBV), 74, 1020-1021 
epidemiology of, 1020-1021, 1021f 
natural history of, 1021-1022, 1021+ 
noninvasive tests considerations for, 124 
prevention of, 1024 
treatment of, 1022-1023, 1022f, 1023¢ 
Hepatitis B virus (HBV) infection, liver transplant and, 
745, 784-794, 785f 
management of, in special populations, 792-794 
hepatitis B core antibody-positive donors, 794 
hepatitis D virus-coinfected patients, 793-794, 793f 
human immunodeficiency virus-coinfected patients, 
792-793 
repeated transplant, 794 
natural history in, 785-786, 786f, 786t 
pathology of, 786-788, 787£788f 
pretransplant antiviral treatment for, 788-789 
prevention of, 788 
prophylactic therapy for, 789-791 
historical perspective of, 789-790, 789f 
overview of, 790 
using hepatitis B immunoglobulin plus nucleoside/ 
nucleotide analog therapy, 790-791, 790-791 
using long-term nucleoside/nucleotide analog therapy 
with and without limited-duration hepatitis B 
immunoglobulin therapy, 791 
treatment of, 791-792, 792t 
Hepatitis C 
acute liver failure and, 304 
alcoholic liver disease and, 348-349 
antiviral therapy for, candidacy for, 451-452 
coinfection with hepatitis B, 484 
genotype-1 regimens for, 453-456, 455f 
grazoprevir and elbasvir, 455f 456 
ledipasvir and sofosbuvir, 453-454 
paritaprevir/ritonavir, ombitasvir, and dasabuvir, 
454-455 
recommendations for, 453¢ 
simeprevir and sofosbuvir, 455-456 
genotype-2 regimens for, 456 
recommendations for, 454t 
sofosbuvir and ribavirin, 456 
genotype-3 regimens for, 456-458, 457f 
daclatasvir and sofosbuvir, 458 
recommendations for, 454t 
sofosbuvir and ribavirin, 457-458, 457f 
genotype-4 regimens for, 458 


paritaprevir/ritonavir and Ombitasvir, 458 


Hepatitis C (Continued) 
recommendations for, 454t 
sofosbuvir and ledipasvir, 458 
sofosbuvir and ribavirin, 458 
sofosbuvir plus peginterferon-o and ribavirin, 458 
genotype-5 regimens for, 458 
recommendations for, 454¢ 
genotype-6 regimens for, 458 
recommendations for, 454t 
hepatitis A and, 517 
hepatocellular carcinoma and, 671 
HIV and, 545, 546f 
life cycle of, agents targeting enzymes in, 446-447, 446f 
monitoring of, during and after therapy for, 458-459, 
459t-460t 
direct-acting antiviral resistance in, 459, 460¢ 
pregnancy and, 823 
pretreatment assessments for, 451-452 
regimens for, in 2015, 448-449¢ 
special populations with, 461-463 
acute HCV, 462-463 
African Americans, 462 
decompensated cirrhosis, 461 
HIV-HCYV coinfection, 461-462 
post-liver transplantation, 461 
renal disease, 462 
summary for, 4636 
therapies for, evolution of, 446-450, 447f, 447¢ 
interferon-a, 447 
NS5A inhibitors, 450 
polymerase inhibitors, 450 
protease inhibitors, 450 
ribavirin, 447-450 
treatment of, 446-463 
checklist for, 452+ 
goals of, 450-451, 451f 
regimens for, 452-458 
Hepatitis C virus (HCV), 73-74, 105, 428-444, 
1024-1027 
acute, 419-422 
cellular immunity in, 420, 421f 
global incidence of, 432 
humoral immunity in, 420 
incidence of, 432-433 
natural history of, 431-433 
overview in, 419-420, 420f 
testing sequence for, 431, 432f 
in United States, 432-433, 432f433f 
cell entry, 415-418, 418f 
in children, 436-444 
in chimpanzees, 424 
chronic, 422-424 
cellular response to, 422, 423f 
cryoglobulinemia in, 435 
cytotoxic T cells in, 423-424 
diabetes associated with, 435 
extrahepatic manifestations associated with, 435, 435¢ 
features associated with, 434, 434r 
immunological basis for viral persistence in, 422 
immunoregulation in, 422-423, 423f 
insulin resistance associated with, 435 
liver fibrosis in, severity of, 434 
natural history of, 433-436, 434f 
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infiltration of, alcoholic liver disease and, 338-339 
NFkB signaling pathway, 961 
NHANES. see National Health and Nutrition 
Examination Survey (NHANES). 
Nile River, schistosomiasis and, 569 
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Nitrates, 252 
Nitric oxide alterations, 282 
Nitric oxide (NO), 235f, 236 
mediates splanchnic vasodilation, 237f 
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adefovir, 492 
clinical end points in, 492 
entecavir, 491 
general management issue in, 492-494 
antiviral drug resistance prevention as, 493-494, 
493f 
finite duration in, 492-493, 492f 
lamivudine, 491-492 
telbivudine, 492 
tenofovir as, 488-491 
in hepatitis D, 509-510 
Nucleotide analog, for chronic hepatitis, 1023-1024 
Nucleotide inhibitors, 450 
Nucleotide reverse transcriptase inhibitors, drug-induced 
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Osteodystrophy, hepatic, 993 
Osteopontin, 389¢ 
Osteoporosis, in patients with PBC, 616 
Overlap syndromes, PBC and, 625 
Overt hepatic encephalopathy (HE), 206 
ammonia levels, 208 
clinical classification of, 208 
diagnosis of, 207 
management of acute, 213-214 
physical examinations, 207 


Overt hepatic encephalopathy (HE) (Continued) 
secondary prevention of, 216 
testing modalities, 207¢ 
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Pediatric end-stage liver disease (PELD) score, 742 
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Percutaneous transmission, of hepatitis B, 475 
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autosomal dominant, genes and proteins of, 998-999 
autosomal recessive 
genes and proteins of, 999 
histopathology of, 1004 
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management of, Budd-Chiari syndrome and, 652 
in nodular regenerative hyperplasia, 733-734 
pathogenesis of, 234-238 
patient with, approach to, 255-260 
in patients with PBC, 616 
physiologic principle of, 234-235 
portal circulation and, physiologic principles of, 
233-234 
portal hypertensive gastropathy (PHG) and, 260-261 
portal venous system and, 233 
pregnancy and, 826 
related bleeding, 248-251 
approach to patient with, 255-260 
diagnosis of, 250-251 
patients, to screen for esophageal varices, 248 
risk factors and natural history of, 248-249 
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Portal hypertension (Continued) 
treatment options for, 250-251 
sarcopenia in cirrhosis and, 839 
secondary to increased portal venous blood flow, 
244-245 
secondary to increased resistance to portal blood flow, 
245-248 
surgical management of, 255 
treatment options for, 251-255 
Portal hypertensive gastropathy (PHG), 249-250, 249f; 
260-261 
Portal pressure-IVC, 234 
Portal pyemia, 581 
Portal tract mesenchyme, 9 
Portal tracts, biliary system and, 5-7, 54, 6£7f 
Portal vein, 233 
Portal vein thrombosis (PVT), 658-666, 6666 
in children, 665-666 
cirrhosis and, 664-665 
epidemiology of, 658 
etiology of, 658-660, 659¢ 
in liver transplantation, 766 
manifestations of, 660-661 
in pregnancy, 825 
treatment of, 661-663 
Portal veins donor cells, occlusion of, in hepatocyte 
transplantation, 86-87, 97 
Portal venous flow, measurement of, 244 
Portal venous pressure, measurement of, 243 
Portal venous system 
anatomy of, 233 
assessment of, 239-243 
Portocaval shunts, 255 
Portopulmonary hypertension, 289-292 
characteristics of, 286r 
clinical features of, 290 
definition of, 289 
diagnosis of, 290, 291f 
epidemiology of, 289 
liver transplant and, 291-292, 740¢ 
natural history of, 292 
pathogenesis of, 290 
pathogenetic changes in, 285f 
prognosis of, 292 
treatment of, 290-291 
Portopulmonary syndrome, in liver transplant, 748 
Portosystemic collateral circulation, in portal hypertension, 
237-239, 237f 
Portosystemic encephalopathy (PSE), 208-209 
Portosystemic shunts 
for Budd-Chiari syndrome, 653f 
closure of, for hepatic encephalopathy, 218 
Positive end-expiratory pressures (PEEPs), for liver disease, 
197 
Postexposure prophylaxis, in hepatitis A, 521 
Post-liver transplant management, 769-783, 7836 
complications occurring, 778-782 
morbidity and mortality in, 769, 770f 
repeated transplant for, 783 
reproductive health in, 782-783 
Postoperative bleeding, in liver transplantation, 765-766 
Postoperative hepatic dysfunctions, 891-896. see also 
Hepatic dysfunctions. 
anesthetic-induced liver injury, 894 
causes of, 893, 894t 
cholestasis, benign postoperative, 895 
differential diagnosis of, 896¢ 
evaluation of patients with, 896 
hepatitis. see also Hepatitis. 
acute viral, 894 
drug-induced, 894-895 
ischemic, 894 
obstruction, bile duct, 895-896, 895f 
Postreperfusion syndrome, in liver transplantation, 765 
Posttransplant lymphoproliferative disorder (PTLD), 
154 
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in post-liver transplant, 781 
Posttransplant malignancies, in post-liver transplant, 781 
Posttransplant therapy, for HCV, 803-805, 804¢ 
preemptive therapy and, to achieve cure, 804 
severe early recurrent hepatitis C virus infection, 
decompensated cirrhosis and, 805 
significant fibrosis/compensated cirrhosis, 804-805, 
805f 
Potential hepatic regenerative therapy, 331 
Potential prognostic biomarkers, 330 
PPARA gene, in NAFLD, 397¢ 
PPARG gene, in NAFLD, 397¢ 
Praziquantel (PZQ) 
for clonorchiasis and opisthorchiasis infections, 577 
for schistosomal infections, 571-572 
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Prebiotics, 62 
Prednisolone 
for AIH, 603, 603¢ 
alcoholic liver disease and, 343 
Prednisone, used after liver transplant, 777¢ 
Preexposure measures, in hepatitis A, 519 
Pregabalin, drug-induced liver injury and, 864 
Pregnancy, 817-836, 836% 
acute fatty liver of, 832-836 
autoimmune hepatitis and, 606-607 
Budd-Chiari syndrome and, 825-826 
cirrhosis and, 826 
consultation and, 836 
diseases not specific to, 821-824 
focal nodular hyperplasia in, 729 
HELLP syndrome and, 831-832 
hemodynamic changes associated with, 825 
hepatitis B infection during, management of, 
497-498 
hepatobiliary disease during, 827-828 
hepatobiliary ultrasonography in, 821 
hereditary hemorrhagic telangiectasia and, 826 
hyperemesis gravidarum and, 829-836 
intrahepatic cholestasis of, 131-132, 132f 830-831 
labor and delivery during, management of, 826-827 
laboratory profile during, changes in, 820¢ 
liver anatomy and function changes during, 817-821 
liver disease and, classification of, 818+ 
liver mass during, evaluation of, 828-829 
liver transplant and, 828 
liver-related symptoms in, 821 
physical examination in, 821 
portal hypertension and, 826 
portal vein thrombosis in, 663, 825 
variceal bleeding and, management of, 826 
vascular liver diseases and, 824-825 
Pregnane X receptor (PXR), 911 
Prenylation inhibition, for hepatitis D, 511, 511¢ 
Preoperative hepatic dysfunctions, 891-896. see also 
Hepatic dysfunctions. 
alcoholic liver disease and, 892. see also Alcoholic liver 
disease. 
in asymptomatic patients, 891 
Child classification and, 892-893 
cirrhosis and, 892. see also Cirrhosis. 
Model for End-Stage Liver Disease (MELD) score and, 
892, 893f 
recombinant factor VIIa (rFVIIa) and, 893 
in symptomatic patient, 892 
Preprimary prophylaxis, 255-257 
Prerenal azotemia, 273 
Pretransplant antiviral therapy 
for HBV, 788-789 
for HCV, 802-803, 803¢ 
Pretransplant evaluation and care, 737-751, 752% 
allocation and distribution systems for, 750-751 
for liver transplant, 740¢ 
contraindications, 747-750, 747t 
donor liver choices, 751 
exploring alternatives to, 742-743 
indications, 743-746 
monitoring and management for, 750 
for repeated transplant, 746-747 
timing of referral for, 738-742, 742 
Primary biliary cholangitis (PBC), 69, 187, 610 
age and, 611 
AIH in, 608 
antimitochondrial antibodies (AMAs) and, 617 
antimitochondrial antibody-negative, 624-625 
asymptomatic disease and, 614-616 
autoantibodies and, 617 
clinical manifestation of, 614 
diagnosis of, 616-617 
differential, 617+ 
elastography for, 624 
epidemiology of, 610-619 
etiopathogenesis of, 612-613 
extrahepatic complications of, 616 
florid duct lesion in, 618, 618f 
gender and, 611 
genetics in, 613-614, 614¢ 
geographic clustering of, 611 
histology of, 618, 618f619f, 624 
imaging studies for, 617-618 
immunogenicity in, 613 
incidence of, 610-611 
laboratory findings of, 617 
laboratory tests for, 624 
liver transplant and, 806-808 
diagnosis of, 808 
management of, 808 


Primary biliary cholangitis (PBC) (Continued) 
natural history of, 806-807, 806z, 807f 
risk factors for, 807, 807t 
liver transplant for, 745 
mathematic models for, 624 
natural history of, 618-619, 620f 
non-HLA associations for, 614, 614t 
novel agents for, 621-622 
other drugs for, 621 
overlap of, 625 
predisposing factors for, 611-613, 612¢ 
prevalence of, 610-611 
prognosis for, 624 
race variation and, 611 
recurrent, 623 
role of infectious agents, and xenobiotics in, 613-614 
in special populations, 624-625 
symptomatic disease and, 614 
treatment of, 619-621 
Primary Budd-Chiari syndrome, 650¢ 
Primary hepatic malignancies, liver transplant for, 746 
Primary hyperoxaluria, liver transplant for, 740¢ 
Primary nonfunction (PNF) 
of allograft, 769 
in liver transplantation, 765 
Primary sclerosing cholangitis dysbiosis, 633 
Primary sclerosing cholangitis (PSC), 125, 187, 298, 
626-647 
AIH and, 608 
clinical features of, 634-638 
diagnostic criteria in, 634-635 
histology in, 637, 638f 
imaging in, 636, 636f637f 
inflammatory bowel disease and, 637-638 
aboratory tests in, 635-636, 635¢ 
presenting signs and symptoms in, 635, 635¢ 
epidemiology of, 629 
intestinal microbiome and, 56 
liver transplant and, 745, 808-810 
diagnosis of, 809, 810¢ 
management of, 809-810 
natural history of, 808-809 
risk factors for, 809 
malignancy risks in patients with, 640 
natural history of, 638-640, 639f 
pathogenesis of, 629-634, 630f 
genetic and environmental risks in, 629-632, 6302, 
631f 
immune responses in, 632-633 
leaky gut hypothesis in, 633 
lymphocyte trafficking in, 633-634 
toxic bile theory in, 634 
posttransplant management of, 646-647, 646¢ 
pretransplant management of, 640-645, 6417-6422, 
643f 
endoscopic management in, 644 
pharmacotherapy in, 642-644 
risk prediction in, 639-640, 639¢ 
subphenotypes of, 627f 
transplant for, 645-647, 646¢ 
variants of, 627-628, 627t 
Proangiogenic pathways, 674 
Probiotics, 62 
for hepatic encephalopathy, 213 
covert, 215 
overt, 214 
for primary sclerosing cholangitis, 6417-642 
role of, 62-63 
Progenitor cells, adult hepatic, 93 
Prognoses 
for acute liver failure (ALF), 322-323, 322¢, 323f 
for primary biliary cholangitis (PBC), 624 
Prognostic scoring systems, in liver failure, 741¢ 
Progressive cholestasis, inherited syndromes of, 984-986, 
984t 
Progressive familial intrahepatic cholestasis (PFIC), 129, 
984, 984t 
treatment of, 985-986 
type 1, 984-985, 985f 
type 2, 982f 985 
type 3, 982f 985 
type 4, 985 
Propylthiouracil 
for alcoholic cirrhosis, 365 
for alcoholic hepatitis, 359 
Prostacyclin (epoprostenol), 291 
Protease inhibitors, drug-induced liver injury and, 
872-873 
Proteasome, 964 
Protein content, ascites total, 222 
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Protein kinase C substrate 80K-H gene (PRKCSH), 
999 
Protein replacement therapy, 967 
Proteins 
sarcopenia in cirrhosis and, 841 
serum, pregnancy and, 819 
viral, structure and function of, 413-415, 416f417f 
Proteus mirabilis, 580 
Prothrombin complex concentrates, for bleeding, 296¢ 
Prothrombin time (PT), 104 
in VTE, 198-199 
Pruritus 
in patients with PBC, 615 
primary sclerosing cholangitis and, 645 
treatment of, 622 
Pseudomonas aeruginosa, 580 
associated liver abscesses and, 581 
Psychiatric comorbidities, in liver transplant, 750 
Psychometric testing, for covert hepatic encephalopathy, 
208-210 
limitations, 210 
logistic issues, 211¢ 
Psychosocial Assessment of Candidacy for Transplantation 
scale, 366 
Psychosocial evaluation, for liver transplant, alcoholic 
cirrhosis and, 366, 366f 
Psychosocial issues, in liver transplant, 749-750 
Psychotropic drugs, 864-865 
Pulmonary angiography, 288 
Pulmonary complications, as complications of acute liver 
failure, 317-318 
Pulmonary disease, in liver transplant, 748 
Puncture, aspiration, injection of chemicals, and 
reaspiration (PAIR) technique, for echinococcosis 
infections, 573 
PWIDs. see Persons who inject drugs (PWIDs). 
Pylephlebitis, 581 
Pyogenic liver abscess (PLA), 168£ 169% 580-584 
clinical manifestations of, 582-584, 583f 
common sources of, 581f 
diagnosis of, 582-584, 583f 
epidemiology of, 580-581 
etiology of, 581-582, 581f 
management of, 582-584, 583f 
microbiology and, 582 
pathogenesis of, 581-582, 581f 
pathophysiology of, 581-582, 581f 
Pyrazinamide (PZA) 
drug-induced liver injury and, 870 
for tuberculosis, 585 


Q 

QIIME. see Quantitative Insights Into Microbial Ecology 
(QIIME). 

Quantitative Insights Into Microbial Ecology 
(QIIME), 38 

Quinidine, drug-induced liver injury and, 877 

Quinolones, drug-induced liver injury and, 875 

Quinupristin-dalfopristin, drug-induced liver injury and, 
875 


R 
R778L, 934 
Radiation therapy, for cholangiocarcinoma, 705 
Radiologic interventions, portal vein thrombosis and, 663 
Radiologic procedures, portal hypertension-related 
bleeding and, 254-255 
Radiologic tests, for liver fibrosis, 120-122, 120+ 
acoustic radiation force impulse elastography, 122 
computed tomography and magnetic resonance 
imaging, 121 
magnetic resonance elastography, 122 
ultrasound, 120-121 
vibration-controlled elastography, 121-122 
Radiology, hepatocellular carcinoma and, 681-682, 
681f682f, 683t-684t, 684f 
Radionuclide lung perfusion scanning, 287-288 
Radius (r), 234 
Raloxifene, for bone disease, 623 
Rapamycin 
drug-induced liver injury and, 887 
for hepatitis E, 531-532 
Rapamycin inhibitors, mammalian target of, for liver 
transplant recipients, 776 
Rapid frozen section, 178 
Rapid progressors, in NAFLD, 394-395 
Reactivation, of hepatitis B, 498 
Reactive electrophiles, 848 
glutathione in, 849-850 
Recidivism, posttransplant, alcoholic cirrhosis and, 366 
Recipient factor, for bacterial infections, 585-586, 586¢ 


Recipient operation, for liver transplantation, 762-765 
hepatectomy in, 762-764, 763£764f 
postreperfusion syndrome, 765 
venous, arterial, and biliary anastomoses, 764-765, 764f 

Recipient-related factors, associated with HCV, 798, 798f 

Recipients of hepatitis B core antibody-positive donors, 

794 

Recombinant factor VIIa (rF VIIa), 893 

Recombinant immunoblot assay (RIBA), 441-442 

Recombinant VIIa, for bleeding, 296¢ 

Rectal biopsy, for schistosomiasis, 570 

Rectal varices, 238-239, 239f 

Recurrent primary disease, after liver transplantation, 

784-815, 785f, 785t, 8156 
alcoholic liver disease, 813-814 
autoimmune hepatitis, 810-811 
hepatitis B, 784-794 
hepatitis C, 794-806 
metabolic liver disease, 814-815 
nonalcoholic fatty liver disease, 811-813 
primary biliary cholangitis, 806-808 
primary sclerosing cholangitis, 808-810 

Red wale sign, 239-240, 240f 

Redox cycling, hepatotoxicity and, 851-852, 851f 

Reduced-sized liver transplantation, 759-760 

Refractory ascites, 227 

Regenerative medicine, 84 

Related bleeding, 248-251 

Related diseases and conditions, nonalcoholic fatty liver 

disease (NAFLD) 
clinical features of, 398-400 
epidemiology of, 392-393 
evaluation of, 401-405 
modifiers of progression of, 395-398 
natural history of, 394-395 

Removal, bilirubin, 900-901 

Renal changes, in advanced cirrhosis, 271 

Renal disease, in post-liver transplant, 780-781 

Renal failure, 329 
in cirrhosis, 262-280. see also Cirrhosis. 

acute kidney injury (AKI) and, 262-280. see also 
Acute kidney injury (AKI). 
hepatorenal syndrome (HRS) and, 262-280. see also 
Hepatorenal syndrome (HRS). 
pathogenesis of, 272f 
in liver transplant, 748 
Renal function, measurement of, 262 
Renal impairment, in spontaneous bacterial peritonitis, 
226 

Renal replacement therapy, for HRS, 201 

Repaglinide, drug-induced liver injury and, 867 

Repeated transplant 
in HBV, 794 
in HCV, 806, 806f 
liver, 746-747 
for post-liver transplant management, 783 

Replacement therapy, 967 

Replication complex, 418, 419f 

Resistance (R), 234 
to portal blood flow, 245-248 

Resistin, 389¢ 

Respiratory failure, 329 
in cirrhosis, 195 
in sepsis or septic shock, 195 

Reticulin network, of parenchyma, 9 

Retinoid X receptor (RXR), 908 

Rex shunt, 255 

Reye syndrome, 308 

Ribavirin 
complications of, 451-452 
dose modifications in, for anemia, 459t 
evolution of, 447-450 
for SARS coronavirus, 563 
and sofosbuvir 

in genotype-2 regimen, 456 
in genotype-3 regimen, 457-458, 457f 
in genotype-4 regimen, 458 
teratogenic risk of, 458-459 
for yellow fever, 563 

Ribavirin monophosphate, drug-drug interactions of, 552 

Ribavirin monotherapy, for hepatitis E, 532 

Rifampicin 
drug-induced liver injury and, 870 
for pruritus, 622 

Rifampin (RIF), for tuberculosis, 585 

Rifapentine, drug-induced liver injury and, 871 

Rifaximin, for hepatic encephalopathy, 212 
overt, 214, 216 

RIFLE diagnostic criteria, for acute kidney injury (AKI), 

263-264, 263f 
application of, to cirrhotic patients, 265-266 


Riluzole, drug-induced liver injury and, 866 
Risk, injury, failure, loss of function, and end-stage renal 
disease (RIFLE), 263-264 

Risk factors 

of cholangiocarcinoma, 694, 694¢ 

of hepatocellular carcinoma, 669-673 
Risus sardonicus, 930-931 
Ritonavir, for SARS coronavirus, 563 
Rituximab 

for EBV infection, 558 

for Kaposi sarcoma, 560 

for PBC, 622 
Roche 454 technology, 38 
Roenigk histopathologic classification, of methotrexate 

hepatotoxicity, 884¢ 

Rotor syndrome, 101, 924-925 

clinical findings, 924 

genetic and mechanistic basis of, 924-925 

organic anion excretion, 924 

urinary coproporphyrin excretion, 924 
Rough endoplasmic reticulum (RER), 11-12 
Rubella, cholestasis and, 977-978, 977¢ 
Rubella virus, 563-564 
Rubeola, hepatitis and, 1020 


S 
S65C polymorphism, 950 
Salmonella species, schistosomal infection and, 570 
Sarcoidosis, 147 
imaging of, 147 
portal hypertension and, 248 
Sarcopenia 
in cirrhosis, 837-838, 8436 
ammonia and, lowering of, 842 
anabolic hormones and, 842 
clinical significance of, 838-839 
contributors to, 839, 839¢ 
diagnosis of, 838, 838+ 
exercise and, 841-842 
mechanisms of, 839-840, 840f 
molecular targeted therapies for, 842, 843f 
nutritional supplementation for, 841 
physical activity for, 841-842 
post-liver transplant and, 842 
therapeutic options for, 840-842 
in liver transplant, 749 
SARS. see Severe acute respiratory syndrome (SARS) 
coronavirus. 
“Scar vessels”, 236 
Schistosoma, 569, 569t 
Schistosoma guineensis, 569t 
Schistosoma haematobium, 568, 569t 
Schistosoma intercalatum, 569t 
Schistosoma japonicum, 246, 569, 569t 
dipstick with latex immunochromatographic assay 
(DLIA) for, 570-571 
Schistosoma malayensis, 569t 
Schistosoma mansoni, 246, 569, 569t 
Schistosoma mekongi, 569t 
Schistosoma miRNAs, 571 
Schistosoma species, 569, 569¢ 
Schistosomiasis, 246, 569-572, 569f, 578% 
associated with HIV, 578 
clinical manifestations of, 570 
control of, 572 
diagnosis of, 570-571 
new drugs for, 572 
praziquantel for, 571-572 
treatment of, 571-572 
viral hepatitis, coinfection with, 570 
Scirrhous hepatocellular carcinoma, 681 
Sclerosing cholangitis, 626 
primary, 626-647 
clinical features of, 634-638 
epidemiology of, 629 
genetic and environmental risks in, 629-632, 6302, 
631f 
immune responses in, 632-633 
leaky gut hypothesis in, 633 
lymphocyte trafficking in, 633-634 
natural history of, 638-640, 639f 
pathogenesis of, 629-634, 630f 
posttransplant management of, 646-647, 646¢ 
pretransplant management of, 640-645, 6417-6422, 
643f 
toxic bile theory in, 634 
transplant for, 645-647, 646¢ 
variants of, 627-628, 627t 
secondary, 628 
variants of, 629t 
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Sclerotherapy, 252-253 
Screening recommendations, for hepatitis B, 476, 477¢ 
Second hits, 370 
Secondary Budd-Chiari syndrome, 650¢ 
Secondary sclerosing cholangitis, 628 
subphenotypes of, 627f 
variants of, 629t 
“Second-hit” model, alcoholic liver disease and, 341-342, 
342t 
Secretory defect, in o, AT deficiency, 961f 
Selective internal radiation therapy, for hepatocellular 
carcinoma, 689-690, 690ż 
Selective shunts, 255, 256f 
Semustine (nitrosoureas), drug-induced liver injury and, 
886-887 
Sengstaken-Blakemore tube, 254 
Sepsis 
critical care management, 194-196 
factor for hepatic encephalopathy (HE), 204 
respiratory failure in, 195 
Septic portal vein thrombosis, 581 
Septic shock 
critical care management, 194-196 
respiratory failure in, 195 
Septo-optic dysplasia, 979 
Serial liver biopsy studies, 394 
Serine protease inhibitor (SERPIN), 960 
Serologic markers, cirrhotic cardiomyopathy and, 282 
Serologic tests 
for amebiasis, 574 
for clonorchiasis and opisthorchiasis, 577 
for echinococcosis, 573 
for schistosomiasis, 570-571 
Sertraline, for pruritus, 622 
Serum, conjugated bilirubin, elevation, 197 
Serum amyloid A (SAA), 190-191 
Serum creatinine, 262 
Serum-ascites albumin gradient (SAAG), 222, 
2226223 
Severe acute respiratory syndrome (SARS) coronavirus, 
563, 563 
Sex, alcoholic liver disease and, 346 
Sexual transmission 
of HCV, 430-431 
of hepatitis B, 475 
Share 35, 750-751 
SHASTA index, 540 
Sheldon, Joseph, 941 
Shock, 896¢ 
SHP. see Small heterodimer partner (SHP). 
Sildenafil, 291 
Simeprevir, 450 
and sofosbuvir, 455-456 
Simon, Marcel, 941 
Simulect, used after liver transplant, 777¢ 
Single nucleotide polymorphism (SNP), 964 
Sinusoidal endothelial cells, 34, 14-16, 14£15f 235, 
235f 
Sinusoidal hypertension, in ascites, 220 
Sinusoidal lymphocytic infiltration, in EBV hepatitis, 556, 
558 
‘a. obstruction syndrome, 189, 653, 6576 
clinical presentation of, 655 
diagnosis of, 655-656, 655¢ 
pathogenesis of, 654-655 
prevention of, 656 
risk factors and epidemiology of, 653-654, 653¢ 
treatment of, 656-657 
Sinusoidal remodeling changes, increased intrahepatic 
resistance and, 236 
Sinusoids, 5, 233 
Sirolimus 
drug-induced liver injury and, 887 
for liver transplant recipients, 776 
used after liver transplant, 777¢ 
SIRS. see Systemic inflammatory response (SIRS). 
Six months’ abstinence rule, alcoholic hepatitis and, 363 
Skin cancers, in post-liver transplant, 781 
SLCIIA2, 958 
SLC27A5 gene, in NAFLD, 397t 
SLC30A10, 935-936 
SLC40A1, 943, 951 
SLC40A1- associated hemochromatosis, 953 
Slide tests, 914 
Slow progressors, in NAFLD, 394-395 
SMAD7, 945-946 
Small bowel bacterial overgrowth, NAFLD and, 393 
Small duct primary sclerosing cholangitis, 627 
Small esophageal varices 
endoscopy of, 240f 
primary prophylaxis of, 257 
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Small heterodimer partner (SHP), 35-36 

Smoking, hepatocellular carcinoma and, 672 

Smooth endoplasmic reticulum (SER), 11-12 
Smooth-muscle autoantibodies (SMAs), 598-600, 599f 
Snares and clips, detachable, 253-254 

Social support, in liver transplant, 750 

SOD2 gene, in NAFLD, 397¢ 

Sodium benzoate, for hepatic encephalopathy, 216 
Sodium restriction, for ascites, 227-228 


Sodium-taurocholate cotransporting polypeptide (NTCP), 


464, 501-503 
human, 510-511, 511¢ 
Sofosbuvir, 450, 453-454 
and daclatasvir, 458 
and ledipasvir, 458 
plus peginterferon-o and ribavirin, 458 
and ribavirin 
in genotype-2 regimen, 456 
in genotype-3 regimen, 457-458, 457f 
in genotype-4 regimen, 458 
and simeprevir, 455-456 
Solid organ malignancy, in post-liver transplant, 
781 
Solid organ transplant patients, chronic hepatitis E virus 
infection in, 531-533 
Soluble liver antigen (SLA), 600 
Somatostatin analogs, 251 
Somatostatin (SOM), 18 
Sorafenib, for hepatocellular carcinoma, 691, 691f 
Special populations 
in hepatitis C, 461-463 
primary biliary cholangitis (PBC) in, 624-625 
Specific measures, acute esophageal variceal bleeding and, 
258-259 
Sphincterotomy, pregnancy and, 827-828 
Spironolactone, for ascites, 228 
complications of, 228 
Splanchnic arterial vasodilatation 
of advanced cirrhosis and ascites, 269-270, 270f 
consequences of, 270 
Splanchnic arteriovenous fistula, 244, 245f 


Splanchnic blood flow, increased, portal hypertension and, 


236-237 
“Splanchnic steal” syndrome, 270 
Splanchnic vasodilation, 237f 
Spleen, in hepatocyte transplantation, 87-88 
Splenic vein, 233 
Splenic vein thrombosis, 658-666 
isolated, 666 
Splenomegaly, portal hypertension and, 239, 244-245 
Split liver transplantation, 759-760, 759f 
Spontaneous bacterial peritonitis (SBP), 59, 224-227 
clinical picture, 224 
diagnosis of, 224-225 
epidemiology of, 224 
primary, prophylaxis for, 199 
prophylaxis, 226-227, 226f 
treatment, 225-226 
algorithm, 225f 
Spontaneous splenorenal shunt, 238f 
Sporadic (zoonotic) hepatitis E, 524-525, 527f, 527t 
St. John’s wort, as hepatitis C treatment, 451-452 
Statins 
drug-induced liver injury and, 878-880 
hepatocellular carcinoma and, 673 
for nonalcoholic fatty liver disease, 409 
Steatohepatitis 
alcoholic, 338-339 
nonalcoholic, liver transplant for, 744 
Steatosis, 370, 371f, 399 
causes of, 393¢ 
hepatic, cause of, 856¢ 
macrovesicular, 399 
drug-induced liver injury and, 858-859 
microvesicular, 399 
mixed, 399 
Steatosis-activity-fibrosis (SAF) score, 400, 401f 
Stellate cells, 16-18, 17f 
Stem cell transplantation, for PBC, 622 
Stem cells, 84-97 
Stenotrophomonas maltophilia, 580 
Stenting, Budd-Chiari syndrome and, 652 
Sterile infection, 44-45 
Sterile inflammation, 383-385 
Steroid monotherapy, for AIH, 604-605 
Steroids, role of, in septic shock, 195-196 
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